Susceptibility of strong biofilm-producing uroisolates in planktonic state vs. biofilm growth mode
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Introduction 
Urinary tract infections (UTIs) are a group of diseases with infectious etiology resultign from microbial colonization of urine and infection of various parts of the urinary system involving the anatomical region from the renal cortex to the urethral meatus (including kidneys, ureter, renal pelvis, vesica urinaria and the urethra) and associated structures (perinephric fascia, prostate  and epididymis)[1, 2, 3].

Recurrent urinary tract infections are defined as occurrence of 2 UTIs over a period of 6 months or 3 UTIs  over a period of 12 months. Recurrent UTIs are mainly caused by reinfection with a different uropathogen, however they may occur in the form of relapse (recurrence caused by the same microorganism)[4].

Urinary tract infections are among the most common bacterial infections and represent significant global public health problem. Affecting approximately 150 million people annually world wide UTIs (particularly complicated UTIs) impose substantial economic burden due to frequent hospitalization, losses of income, morbidity, and restricted activity.
Commonly used treatment for uncomplicated urinary tract infections includes combination of trimethoprim sulfamethoxazole (co-trimoxazole), trimethoprim, beta-lactam antibiotics, nitrofurantoin and phosphomycin tromethamine [5]. These antimicrobial agents primarily are used due to their good tolerance, antibacterial spectrum against suspected uropathogens, and favorable pharmacokinetic and pharmacodynamic profile [5, 6]. In the treatment of urinary infections, the effect on bacteriuria predominantly correlates with urinary rather than plasma concentrations of the antibiotic [5, 7].

Rising trend of antimicrobial resistance among the most common uropathogens, observed with antibiotics routinely used in UTI treatment is a cause of growing concern and the contributing risk factors remain in the focus of intensive screening and monitoring [8]. Based on current literature data, alongside the intrinsic resistance of some of the urinary pathogens, major threats for development multidrug resistant species is lack of introduced restrictions in antibiotic use and biofilm production [9, 10, 11, and 12]. The effect of  biofilms on susceptibility of the uropathogens is multifactorial hence it does not only represent a mechanistic optical, but may also confer additional resistance, diverse from other aspects of multidrug resistance (MDR). 

Costerton & Donlan, 2002 stated perhaps the most appropriate definition of a biofilm: “A biofilm is a microbial sessile community of microorganismsl irreversibly attached to a substrate/surface/each other, embedded in a self-produced extracellular polymeric matrix (glycocalix) exhibiting altered pheno- and genotype“[13].
Biofilms glycocalyx is one of the resistance factors of the encased communities of microorganisms. With its three-dimensional structure the glycocalix is crucial for the high degree of heterogeneity of the biofilm hence the created chemical and nutritional gradient results with growth of multiple micro-environments in the biofilm structure. These unique growth conditions within the biofilm matrix are the initial step that directs the essential differences between sessile (attached) and planktonic (free-floating) microorganisms, primarily through specific gene expression [14, 15, and 16] and ability for intercellular communication via chemical signal molecules known as auto-inducers.

To date there is no generally accepted stance on the exact mechanism of the vast resistance within the biofilm [17, 18, 19, and 20]. Biofilm mode of growth is proved to be associated with a significant increase in antimicrobial resistance, and fully formed; mature biofilms have shown resistance to antibiotic concentrations up to 10 -1000-fold higher compared to planktonic cultures (1(. Several mechanisms have been proposed to explain this phenomenon, including failure of the antimicrobial to penetrate the biofilm [23], slow growth rate and heterogeneity within the biofilm [13], induction of a resistant phenotype etc.
One of the key elements which despite numerous studies from this field remain unclear and undefined is the impliability of the results of conventional in vitro antibiotic susceptibility testing in the treatment of biofilm-related infections. 
Study objective

To investigate the differences in uropathogens resistance in relation to biofilm expression phenotype by comparing antibiotic susceptibility of sessile cells (minimal biofilm eradication concentration) and their planktonic counterpart (minimal inhibitory concentration) for biofilm forming bacteria isolated from patients with UTI.

Materials and methods 

Bacterial strains

The study included urine samples obtained from 120 outpatients, males and females, over 18 years of age, with symptomatic UTI, referred for microbiological examination of urine at the Institute of microbiology and parasitology, Medical faculty, Skopje. A total number of 80 bacterial species, isolated in monobacterial culture were examined for biofilm production.  

Isolation and identification of the strains 

Midstream, clean-voided, urine samples were plated onto blood sheep agar or chromogenic (UTI) agar using calibrated loops (for the semiquantitative method). After 24 hour incubation the number of colony-forming units (CFU) in milliliter urine was determined. As part of evaluation of the urine culture Gram stain and microbial biochemistry tests were performed where necessary. 

Biofilm assay 

Biofilm forming ability and biofilm biomass determination were investigated by a semi-qualitative assay according to the method described by Christensen et al. with some modifications [24]. Suspension of one colony of each strain (loopful of test organism inoculated in 5 mL of trypticase soy broth) was incubated overnight at 37ºC. Then,  10 μl of stationary (18-24 h) TSB cultures were diluted 1:100 into 1000 μl of artificial urine to achieve 0.5 McFarland turbidity ((108 CFUs/ml) after which each bacterial suspension was inoculated into the wells of sterile, polystyrene, 96-well, flat-bottomed tissue culture plates. Following 24 hours incubation (without shaking) the residual broth was removed and the plates were washed with 200 (l 85% NaCl to remove the 'planktonic' bacteria before heat fixation at 60°C for 15 min. For evaluation of the biofilm producing capacity, 120 (l of 0.1% (wt/vol) crystal violet was added per well, left at room temperature for 15 min (in order to bind to any present attached microorganisms) and the plates were washed with running tap water.. At this point, biofilms were visible as purple rings on the walls of each well but the quantitative assessment of the biofilm mass requires elution of the bound dye so that the optical density (ОD) can be determined. This was performed by adding 120 (l 75% ethanol per well. OD of the eluted solution was read in a ELISA microplate reader (Thermo Scientific, USA) at OD600 and the degree of absorbance was proportional to the concentration of dissolved dye, and thus to the amount of sessile microorganisms in the well.
Three wells inoculated with control strain in TSB served as positive control; wells containing sterile TSB served as a negative control; tests were done in triplicate, on three separate occasions, the results were averaged and interpretated according to  Stepanovic et all [25]. Based on absorbance readings obtained from the blank (0.152) we calculated the (cut-off( OD value (ODc)(defined as three standard deviations (SD) above the mean OD of the negative control): 
In this study, the mean optical density value of the negative control wells measured at 600 nm was 0.152 and the optical density cut-off value was 1.61.
All isolates were classified as non- (OD≤ ODc), weak- (ODc<OD≤ (2xODc), moderate- (2 × ODc) < OD≤ (4 × ODc) and strong-biofilm producers (4 ×ODc) < OD:
From overall 80 bacteria examined for biofilm forming ability, 25 strong biofilm-producers were selected for the antimicrobial susceptibility testing.

Quality control

Reference strain E.coli ATCC 25922 was used as positive control for biofilm production as recommended by the National Committee for Clinical Laboratory Standards.
Microdilution method 

Determination of the minimal inhibitory concentration (MIC) is considered a "gold standard" in antimicrobial susceptibility testing and is one of the most accurate and most commonly used methods in microbiological research. In this study we used microdilution method to investigate the effect (minimal inhibitory concentration-MIC and the minimal bactericidal concentration-MBC) of ciprofloxacin and sulfamethoxazole-trimethoprim (two commonly used uroantiseptics in clinical practice) on planktonic cells (cultivated on agar plates via conventional methods) of the selected 25 strong biofilm producers (26(. 
MICs were determined according to the EUCAST broth microdilution protocol using flat-bottomed 96-well microtitre plates. In each row of the plate a series of double dilutions with concentration range of 0.031-128 mg/L for sulfamethoxazole-trimethoprim and 0.004-128 mg/L for ciprofloxacin were done.

In each well 75 (l of diluted antibiotic was added with exception of the first column of each row (positive control of bacterial growth). Last column was left blank (medium only) and served as negative control. Frst seven rows (A-F) were inoculated with a suspension of test strains (in a cation-adjusted Mueller-Hinton broth) and the last row of the microtiter plate was inoculated with reference strain (E.coli ATCC 25922) for monitoring of the quality of the results.
The results were interpretated after 18 hours incubation at 35◦C according to EUCAST recommendations (27(. The lowest concentration of antibiotic with turbidity similar to the blank wells was registrated as the MIC. For determination of MBK (lowest concentration required to kill 99.9% of the inoculum) we inoculated 10 (l of the turbidity-free well on Mueller-Hinton blood agar. After 24 hours incubation at 35 ° C, MBK for each strain was defined by the agar plate with lowest concentration of antibiotic and no visible bacterial growth.
Breakpoints for interpretation of MIC of ciprofloxacin according to CLSI: 
≤1.0 μg/mL (susceptible), 2.0 μg/mL (intermediate), and ≥4.0 μg/mL (resistant).  Breakpoints for interpretation of MIC of sulfomethoxazole-trimethoprim according to CLSI: (2/38 μg/mL (susceptible) and >4/76μg/mL (resistant). 
Minimal Biofilm Eradication Concentration
The minimal biofilm eradication concentration (MBEC) of the sessile microorganisms, i.e. biofilm producers with phenotypic expression of biofilm was determined by a modification of the Calgary Biofilm Device method which produces 96 equivalent biofilms for the assay of antibiotic susceptibilities by the standard 96-well technology (28(.
Microtittre plates were inoculated with 200 (l of bacterial suspension in stationary phase of growth. Frst seven rows (A-F) were inoculated with a suspension of test strains and the last row of the microtiter plate was inoculated with reference strain (E.coli ATCC 25922).
Last column was left blank (medium only) and served as negative control.
· Step 1: for biofilm formation, a modified 96-peg polystyrene lid designed to fit into the wells of a standard microtiter plate without contact with the walls or the bottom of the well was used to close the microtiter plate containing stationary faze cultures of the bacteria and then incubated for 18-20 hours at 37°C. 
· Step 2. For biofilm susceptibility test 200 of two-fold diluted volumes of antibiotic in a cation-adjusted Mueller-Hinton broth were added in a second microtiter plate. We used the same antibiotics as in the microdilution method (ciprofloxacin and sulfomethoxazole-trimethoprim) but the serial dilutions contained five-fold higher concentrations of the antimicrobials (range 2.5-640 (g/mL). Column one of each row was used as a positive control (with no antibiotic).
· Step 3: Biofilms were formed on the lids pegs of the first MTP, after which the lid was placed in a neutralizing recovery plate containing 200 (l sterile buffered saline (to remove residual planctonic cells) and along with the attached sessile bacteria was translocated onto the second 96-well plate in which dilutions of the specified antibiotics were prepared as described above.
· Step 4: After overnight of incubation at 37°C the 96-peg lid is removed from the antibiotic MTP, gently shaken to remove excess medium and rinsed three times in a MTP containing 200 (l sterile saline.
· Step 5: after rinsing, lid was placed on MTP with 200 (l TSB and biofilms formed on the pegs were disrupted in the recovery medium by u ultra-sonication for 5 minutes. After this procedure, the peg lid was replaced with a regular plate cover and the MTP was incubated for 20 hours at 37°C.

We used new microtittre plate for each of the four steps. At the end of the procedure there should be visible growth in the first column (positive control) and absence of turbidity in the last column of each row (negative control).

Minimal biofilm eradication concentration (MBEC) was determined by measuring the turbidity of the wells at 495 nm and was defined as the minimal concentration of antibiotic required to eradicate the biofilm. OD495  reading  (UV-Visible Spectrophotometer)  of  approximately  0.080,  which is  similar to the  readings for the  negative control was considered as negative for biofilm growth.
Statistical analyses 

The statistical analyses were preformed in the statistical program Statistica 7.1 for Windows и SPSS Statistics 17.0

Descriptive statistics are presented as Mean; Std.Deviation; ±95, 00%CI; Minimum; Maximum); distribution of data was tested with: Kolmogorov-Smirnov test; Lilliefors test; Shapiro-Wilks test (p); Mann-Whitney U test (Z/p) was used to compare the absolute values of MIC (CIP) & MBEC (CIP); MIC (SXT) & MBEC (SXT); MIC (CIP) & MIC (SXT); MBC (CIP) & MBC (SXT); MBEC (CIP) & MBEC (SXT).
Significance was defined by p<0,05. Data were presented with tables and figures.

Results 

Susceptibility to ciprofloxacin (CIP)

Descriptive statistics of minimal inhibitory concentration (MIC),  minimal bactericidal concentration (MBC) and minimal biofilm eradication concentration (MBEC) of ciprofloxacin for the isolates with strong biofilm production capacity from patients with UTI is presented in Table 1 and Figure 1.

MICs of the planktonic forms varied in range of 6,170±9,479 mg/L; ±95,00%CI: 2,257-10,082; lowest MIC value was 0,004 mg/L and peak MIC value was 32,000 mg/L.

MBCs of the planktonic forms varied from 11,857±19,431 mg/L; ±95%CI: 3,837-19,878; lowest MBC value was 0,008 mg/L; highest MBC value was 64,000 mg/L.

MBECs of the microorganisms with phenotypic expression of biofilm varied from 218,400±305,470 mg/L; ±95%CI: 92,308-344,492; with lowest and peak MBEC values of 5,000 mg/L and 1280,000 mg/L, accordingly.
Table 1. Descriptive statistics of MIC&MBC&MBEC of ciprofloxacin
	
	MIC (CIP)
	MBC (CIP)
	MBEC (CIP)

	N 
	25
	25
	25

	Average
	6,170
	11,857
	218,400

	-95% CI
	2,257
	3,837
	92,308

	+95% CI
	10,082
	19,878
	344,492

	Minimum
(mg/L)
	0,004
	0,008
	5,000

	Maximum
(mg/L)
	32,000
	64,000
	1280,000

	Standard deviation
	9,479
	19,431
	305,470
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      Figure 1. MIC & MBC & MBEC  of ciprofloxacin
Susceptibility to sulfomethoxazole-trimethoprim (SXT)

Descriptive statistics of minimal inhibitory concentration (MIC), minimal bactericidal concentration (MBC) and minimal biofilm eradication concentration (MBEC) of  sulfomethoxazole-trimethoprim for the isolates with strong biofilm production capacity from patients with UTI is presented in Table  2 and Figure 2.

MICs of the planktonic forms varied in range of 17,481±25,413 mg/L; ±95% CI: 6,991-27,971; lowest MIC value was 0,031 mg/L and peak MIC value was 32,000 mg/L.

MBCs of the planktonic forms varied from of 17,481±25,413 mg/L; ±95% CI: 6,991-27,971; lowest MBC value was 0,031 mg/L; highest MBC value was 64,000 mg/L.

MBECs of the microorganisms with phenotypic expression of biofilm varied from
414,200±435,865 mg/L; ±95% CI: 234,284-594,116; with lowest and peak MBEC values of 5,000 mg/L and 1280,000 mg/L, accordingly.
Table 4. Descriptive statistics of MIC&MBC&MBEC of sulfamethoxazole-trimethoprim
	
	MIC (SXT)
	MBC (SXT)
	MBEC (SXT)

	N 
	25
	25
	25

	Average
	8,240
	17,481
	414,200

	-95% CI
	3,351
	6,991
	234,284

	+95% CI
	13,129
	27,971
	594,116

	Minimum (mg/L)
	0,031
	0,031
	5,000

	Maximum (mg/L)
	32,000
	64,000
	1280,000

	Standard deviation
	11,845
	25,413
	435,865
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      Figure 2. MIC & MBC & MBEC of  sulfomethoxazole-trimethoprim
Comparasion of susceptibility
For 25 selected strong biofilm producers, antibiotic susceptibility to ciprofloxacin and sulfomethoxazole-trimethoprim of planktonic cells (MIC) determined by microdilution assay was compared with the antimicrobial sensitivity of bacterial biofilms (MBEC) determined by Calgary Biofilm Device.
MICs, MBCs and MBECs values for ciprofloxacin and sulfomethoxazole-trimethoprim are presented in the table below.

Table 3. MICs, MBCs and MBECs values for ciprofloxacin and sulfomethoxazole-trimethoprim
	Isolate
	MIC (CIP)
	MBC  (CIP)
	MBEC (CIP)
	MIC (SXT)
	MBC (SXT)
	MBEC (SXT)

	Klebsiella aerogenes
	0,008
	0,008
	20
	0,062
	0,062
	320

	E. coli
	2
	4
	320
	2
	4
	1280

	Klebsiella oxytoca
	16
	32
	320
	8
	8
	640

	E. coli
	0,004
	0,008
	5
	16
	64
	1280

	E. coli
	8
	8
	640
	2
	4
	320

	Klebsiella aerogenes
	16
	32
	80
	0,062
	0,125
	320

	Klebsiella pneumoniae
	0,064
	0.125
	20
	0,125
	0,5
	20

	E. coli
	0,016
	0,031
	10
	0,031
	0,031
	640

	E. coli
	4
	4
	80
	16
	32
	1280

	E. coli
	0,008
	0,016
	80
	0,031
	0,062
	320

	Enterobacter cloaceae
	0,016
	0,016
	40
	0,062
	0,125
	160

	Klebsiella aerogenes
	32
	64
	1280
	8
	16
	160

	E. coli
	32
	64
	640
	32
	64
	160

	E. coli
	8
	32
	640
	32
	64
	640

	E. coli
	8
	8
	320
	0,5
	0,5
	160

	E. coli
	0,031
	0,064
	10
	16
	64
	640

	E. coli
	0,016
	0,032
	40
	0,125
	1
	40

	E. coli
	0,008
	0,016
	20
	0,062
	0,5
	320

	E. coli
	8
	8
	160
	0,5
	1
	40

	E. coli
	4
	8
	320
	32
	64
	1280

	Klebsiella oxytoca
	16
	32
	320
	8
	16
	160

	Morganella morganii
	0,004
	0,008
	5
	32
	32
	80

	Proteus. mirabilis
	0,016
	0,016
	40
	0,062
	0,125
	80

	Proteus. mirabilis
	0,016
	0,031
	10
	0,125
	0,5
	5

	Klebsiella pneumoniae
	0,031
	0,062
	40
	0,25
	0,5
	10


· Comparasion of susceptibility to ciprofloxacin - MIC (CIP) vs. MBEC (CIP)
Minimal biofilm eradication concentration of ciprofloxacin was for Z=-5, 31 and p<0,001(p=0,000) significantly higher than minimal inhibitory concentration of ciprofloxacin (Table 3).
Results showed that biofilm bacteria present a significantly increased antimicrobial resistance to ciprofloxacin compared with their planktonic counterparts.

Tested using MICs, 13(52%), 11 (44%) and 1 (4%) of the 25 strong biofilm producing uropathogens were susceptible, resistant and intermediate susceptible to ciprofloxacin, accordingly. Ciprofloxacin lost its efficacy towards all the isolates when the bacteria were grown in a biofilm with rate of resistance of 100% (25/25 isolates). The change in susceptibility was statistically significant to a level of p < 0.001 for all isolates tested.
Table 3. Comparasion of MIC (CIP) vs. MBEC (CIP)
	
	Rank Sum

MIC
	Rank Sum

MBEC
	U
	Z
	p-level

	MIC (CIP) & MBEC (CIP
	364,00
	911,00
	39,00
	-5,31
	0,000


· Comparasion of susceptibility to  sulfomethoxazole-trimethoprim - MIC (SXT) vs. MBEC (SXT)

Minimal biofilm eradication concentration of SXT was for Z=-5, 66 and p<0,001(p=0,000) significantly higher than minimal inhibitory concentration of SXT (Table 4). Tested using MICs, 13(52%), 10 (40%) and 2 (8%) of the 25 strong biofilm producing uropathogens were susceptible, resistant and intermediate susceptible to SXT, accordingly.
Slime producing strains with phenotypic expression of biofilm tolerated significantly higher antimicrobial concentrations of sulfamethoxazole-trimethoprim compared with slime producers in planktonic state. 
          Table 4. Comparasion of MIC (SXT) vs. MBEC (SXT)
	
	Rank  Sum

MIC
	Rank Sum

MBEC
	U
	Z
	p-value

	MIC (SXT) & MBEC (SXT)
	364,00
	929,00
	21,00
	-5,66
	0,000


Discussion 
In the past two decades, numerous studies have been performed on biofilm as a global problem and its involvement in the chronicity and recurrence of infections.  These studies found strong correlation between biofilm production and recalcitrance to various antimicrobial agents. The biofilm protects the microorganism from the host's immune system, bacteriophages, dehydration, biocides, and emphasizes the virulence of the pathogen [29]. Considering the aforementioned this natural phenomenon poses a serious problem for public health. In addition to the impaired immune control of the infection, the most worrying feature of the biofilm-associated infections is the increased resistance to antibiotics of the biofilm communities [30]. The tolerance of biofilms to antibiotics is multifactorial  but primarily results of genotypic and phenotypic adaptation of the sessile cells due to which they display multiple times higher resistance than the motile forms.  
Gold standard for biofilm susceptibility testing is by determining the minimum biofilm inhibitory and eradication concentration (MBIC, MBEC)[31]. Studies of antibiotic efficacy against uropathogens conducted in this manner revealed that aminoglycosides and beta-lactam antibiotics can prevent the formation of "young" biofilms while fluoroquinolones, due to their highly penetrating capacity, exhibit their pharmacodynamic effect. in both "young" and mature biofilms. Published data indicate that this class of antibiotics is present in the biofilm for even up to two weeks after cessation of treatment [32, 33].
In the present study we compared the susceptibilitis of free-floating bacterial cells (represented by MIC) versus their biofilm counterparts (represented by MBEC) in 25 uroisolates confirmed as strong biofilm producers. The two antibiotics chosen for antimicrobial testing were sulfamethoxazole-trimethoprim (SXT) and ciprofloxacin (CIP), selected despite the raising rates of resistance, since they still represent drugs of choice for treatment of UTIs.

Results of the study showed that there was a significant difference (p <0.001; p = 0.000) in the antibiotic susceptibility of plankton compared to sessile microorganisms to both tested antibiotics with MBEC (CIP) and MBEC (SXT) values for Z = -5.31 and Z = -5.66 higher than MIC (CIP) and MIC (SXT), respectively.
Attached bacteria in the biofilm were for approximately 20-1200 times more resistant, and at the upper limit of susceptibility range were MBECs of the strains highly susceptible to CIP and SXT (MICs (1 and (2/38, respectively) according to the microdilution method. This data indicates an absence of positive correlation between the minimum inhibitory and biofilm eradication concentrations. The minimum biofilm eradication concentration of SXT was significantly higher than the minimum biofilm eradication concentration of CIP (p <0.05; p = 0.04) which is probably due to the better penetration of fluoroquinolones through the biofilm layers..

Similar results were reported by Sepandj et al. (2004) in the study of  MICs and MBECs of ampicillin, cefazolin, cefotaxime, ciprofloxacin, gentamicin, and tobramycin in eight strains of E.coli and Pseudomonas spp. isolated from patients with peritonitis [34]. The same author in another study examined MICs and MBECs in gram-positive bacteria belonging to  Enterococcus genus and discovered that in spite of the high susceptibility according to in vitro MICs, same isolates were either resistant or intermediate susceptible when determining their MBECs [35].
Aforementioned findings were supported by the results obtained by Naves et al. and Abdallah et al. during two recent studies on biofilm forming isolates from patients with UTI, relation to catheterization and differences in the in vitro susceptibility of planktonic and biofilm strains [35, 36]. Consistent with this  Passerini de Rossi et al. reported that results for susceptibility to levofloxacin and ciprofloxacin of 32 strains of Stenotrophomonas maltophilia differ in relation to the method applied; namely, isolates which were sensible by the broth dilution test showed resistance when using the Calgary device [37].
Recommendations for antibiotic treatment are usually based on cconventional methods for susceptibility testing performed on bacteria traditionally grown on a enriched media, rather than stationary phase organisms growing in biofilms and are not applicable in the treatment of biofilm-associated infections.
Results of present and similar studies show that current antibiotics used as empiric first line antimicrobial agents in treatment of urinary tract infections, often show ineffectiveness in vitro susceptibility tests when performed on sessile microorganism in biofilm mode of growth.
Significantly higher antibiotic resistance observed in bacteria with phenotypic biofilm expression makes the clinical predictive value of conventional susceptibility tests limited. Our data provide an insight in the origin of the recurrence of infections and pathogens recalcitrance to antibiotics routinely tested in the laboratory by the disk diffusion method on plantonik forms of bacteria.
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