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            Abstract

            
               
Aim: The aim of this study was to demonstrate virulence factors namely adhesins, hemolysin and cell surface hydrophobicity of E.
                  coli strains isolated from cases of urinary tract infection.
               

               Materials and Methods: A total of 210 E. coli strains were isolated from 602 culture positive cases of urinary tract infections. UPEC strains were
                  screened for virulence factors namely hemolysin, hemagglutination and cell surface hydrophobicity by recommended methods.
               

               Result: Out of 210 E. coli strains tested, 70 (33.34%) were hemolytic, 94 (44.76%) showed hemagglutination and 46 (21.90%) were cell
                  surface hydrophobicity positive.
               

               Conclusion: Our study shows that a large number of uropathogenic E. coli strains had one or more virulence factors. The methods of detection
                  of above-mentioned virulence factors are reasonably easy and screening them in a clinical microbiology laboratory is a worthwhile
                  exercise.
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               Introduction

            Urinary tract infection (UTI) is the most common form of extra-intestinal Escherichia coli (E. coli) infection and E. coli
               is the most common cause of UTI.1 At some point during their lives, at least 12% of men and 10-20% of women experience an acute symptomatic UTI and even greater
               number develop asymptomatic bacteriuria (ABU).2, 3 In India, UTI accounts for 9.3 million doctor visits and nosocomial UTI accounts for more than 1 million cases. 4 E. coli is the most common pathogen isolated from urinary tract infections and frequently originates from patients’ own intestinal
               flora.5 This common inhabitant of intestinal tract usually remains in symbiotic relationship with the host and plays a role in homeostasis
               of intestinal tract.6 Some strains of E. coli can diverge from their common cohorts and take a more pathogenic nature by acquiring specific virulence
               factors via DNA horizontal transfer of transposons, plasmids, bacteriophages and pathogenicity islands which confer increased
               ability to adapt to new niches and allow bacteria to increase the ability to cause broad spectrum of diseases.7 The pathogenic E. coli strains are broadly classified into 3 pathotypes namely enteric/diarrheagenic pathotype, neonatal
               meningitis E. coli pathotype and uropathogenic E. coli pathotype.8, 9 It has been traditionally described that certain serotypes of E. coli are consistently associated with uropathogenicity and
               were designated as Uropathogenic E. coli (UPEC).10 UPEC strains encode a number of virulence factors that enable bacteria to colonize the urinary tract and persist in face
               of highly effective host defenses.7 These isolates exhibit a high degree of genetic diversity due to possession of specialized virulence genes located of mobile
               genetic elements called pathogenicity islands.11, 12 Virulence factors of E. coli that have been potentially implicated as important to establish urinary tract infection can
               be divided into 2 groups a) surface associated virulence factors, b) secreted virulence factors.5  Virulence factors of UPEC include adhesins (fimbrial & non-fimbrial), flagella, lipopolysaccharide, capsule, α-hemloysin,
               cytolytic necrotizing factor, secreted autotransporter toxin, aerobactin, colicin and cell surface hydrophobicity.7, 13 These virulence markers of UPEC are expressed with different frequencies in different disease states ranging from asymptomatic
               bacteriuria to chronic pyelonephritis.10 UPEC strains cause 75-90% of community acquired and about 50% of nosocomial UTI.4 Uroepithelial adherence is critical for establishment of urinary tract infection and UPEC strains possess an impressive repertoire
               of fimbrial & non-fimbrial adhesins that enable the bacteria to aggregate and adhere to cellular surfaces.14, 15, 16, 17, 18 These adhesins exhibit mannose-sensitive hemagglutination (MSHA) (type 1 fimbrae) and mannose-resistant hemagglutination
               (MRHA) (P-fimbrae).1 The present study was conducted to demonstrate virulence factors namely adhesins, hemolysin and cell surface hydrophobicity
               of E. coli strains isolated from cases of urinary tract infection.
            

         

         
               Materials and Methods

            This study was conducted in the Department of Microbiology of Era’s Lucknow Medical College and Hospital, Lucknow, UP from
               November 2011 to October 2102. A total of 210 E. coli strains were isolated from 602 cases of urinary tract infection and
               were characterized on the basis of various virulence factors like hemolysin, hemagglutination and cell surface hydrophobicity.
               Urinary tract infections were classified into disease categories according to the site of infection.7  Upper urinary tract infection (UUTI) (most severe) involving kidney & ureters was associated with fever, chills & flank
               pain, lower urinary tract infection (LUTI) (moderately severe) involving urinary bladder & urethra was associated with burning
               pain on voiding, suprapubic pain & tenderness and asymptomatic bacteriuria (ABU) (least severe) was characterized by total
               absence of symptoms.1, 2, 19 Hemolysin was detected by determining a zone of hemolysis around each colony on 5% sheep blood agar plates after overnight
               incubation.10 Hemagglutination was detected by clumping of erythrocytes by fimbrae of bacteria in presence of D-mannose following the method
               of Siegfried et al.10 E. coli grown on MacConkey’s agar plates were inoculated into 5 ml of phosphate buffer saline (PBS) (pH 7.4) and incubated
               for 5 days at 370C to get fimbrae enriched E. coli. The pellicle formed on the surface was noted and subcultured into Colonization factor antigen
               agar and incubated overnight at 370C. Five millilitres (5 ml) of goup A positive blood was collected from voluntary donor and added to an equal volume of Alsever’s
               solution. This was washed three times and 3% erythrocyte suspension was made with PBS. ATCC E. coli 25922 was used as positive
               control for MSHA and UPEC serotypes O6 & O11 as MRHA positive (MRHA+) controls. Equal volumes of erythrocyte suspension & bacterial suspension were added to VDRL slide and rotated for 3-5 minutes.
               These slides were then observed for hemagglutination within 10 minutes. Hemagglutination (HA) was considered mannose-resistant
               when it occurred with & without D-mannose to the same degree and mannose-sensitive when it was inhibited in presence of D-mannose.20 Cell surface hydrophobicity (CSH) was determined by Salt aggregation test10, 14 where bacteria were tested for their hydrophobicity by using different molar concentrations of ammonium sulfate (1M, 1.4M,
               2M). Suspension of E. coli was prepared in 0.2 M phosphate buffer (pH 6.8) to provide a colony count of 5x109 cfu/ml. Forty microliters (40 ul) of bacterial suspension was mixed with equal amounts of each salt solution in VDRL slides.
               Strains were considered to be hydrophobic when they aggregated in ammonium sulfate at concentrations  
                  
                     ≤
                      
                  1.4M. A strain of E. coli which was hemolytic, MRHA+ & consistently positive for hydrophobicity was used as positive control and a strain that was non-hemolytic, MRHA negative
               (MRHA-) & consistently negative for hydrophobicity was used as negative control.
            

         

         
               Results

            Hemolysin was present in significantly higher proportion in UUTI (48.5%) & LUTI (30.3%) strains than in ABU (8%) strains.
               Hemagglutination property was more common in UUTI (81.8%) strains than observed in LUTI (31.1%) & ABU (12%) strains. MRHA
               positivity was observed more commonly in UUTI (59.1%) cases than in LUTI (21%) & ABU (12%) cases. Also, the proportion of
               MRHA+ (n=67) (31.9%) strains were found to be significantly higher than MSHA+ (n=27) (12.9%) strains. Although CSH positivity was higher in UUTI (28.8%) than LUTI (20.2%) & ABU (12%) strains, no significant
               difference was observed with respect to CSH positivity (Table  1).
            

            
                  
                  Table 1

                  Distribution of virulence factors in UPEC isolates

               

               
                     
                        
                           	
                              
                           
                           Type of UTI  n=210 
                           

                           
                        
                        	
                              
                           
                            Hemolytic strains n=70 (33.34%) 
                           

                           
                        
                        	
                              
                           
                            Hemagglutination positive strains n=94 (44.76%) 
                           

                           
                        
                        	
                              
                           
                            Cell surface hydrophobicity positive strains n=46 (21.90%)

                           
                        
                     

                     
                           	
                              
                           
                           UUTI  (n=66) (31.43%)

                           
                        
                        	
                              
                           
                             32 (48.5%)

                           
                        
                        	
                              
                           
                            54 (81.8%) MRHA+=39 (59.1%) MSHA+=15 (22.72%)
                           

                           
                        
                        	
                              
                           
                             19 (28.8%)

                           
                        
                     

                     
                           	
                              
                           
                           LUTI (n=119) (56.67%)

                           
                        
                        	
                              
                           
                             36 (30.3%)

                           
                        
                        	
                              
                           
                            37 (31.1%) MRHA+=25 (21.0%) MSHA+=12 (10.1%)
                           

                           
                        
                        	
                              
                           
                             24 (20.2%)

                           
                        
                     

                     
                           	
                              
                           
                           ABU (n=25) (11.90%)

                           
                        
                        	
                              
                           
                             02 (8.0%)

                           
                        
                        	
                              
                           
                            03 (12.0%) MRHA+=03 (12.0%) MSHA+=00 (00.0%)
                           

                           
                        
                        	
                              
                           
                             03 (12.0%)

                           
                        
                     

                  
               

            

            Out of 210 UPEC strains, 139 (66.19%) strains possessed one or more virulence markers. Majority (n=82) of cases had one virulence
               marker and hemolytic marker (n=26) was most common in this group followed by MSHA+ (n=20). There were 18 strains each of MRHA & CSH positivity. Two virulence markers were observed in 44 strains, where Hemolytic
               + MRHA+ strains had the major proportion (n=28) followed by Hemolytic + CSH+ strains (n=13). There was 1 strain each of MRHA++ CSH+, MSHA++ CSH+ and Hemolytic + MSHA+. Among 3 markers positive strains (n=13), 8 strains were Hemolytic + MRHA++ CSH+ and 5 strains were Hemolytic + MSHA++ CSH+ (Table  2).
            

            
                  
                  Table 2

                  Occurrence of virulence markers in UPEC (n=210)

               

               
                     
                        
                           	
                              
                           
                            Virulence markers

                           
                        
                        	
                              
                           
                            Cases (n=139)

                           
                        
                     

                     
                           	
                              
                           
                            One marker (n=82)

                           
                        
                     

                     
                           	
                              
                           
                            Hemolysis

                           
                        
                        	
                              
                           
                            26

                           
                        
                     

                     
                           	
                              
                           
                            MRHA+

                           
                        
                        	
                              
                           
                            18

                           
                        
                     

                     
                           	
                              
                           
                            MSHA+

                           
                        
                        	
                              
                           
                            20

                           
                        
                     

                     
                           	
                              
                           
                            CSH

                           
                        
                        	
                              
                           
                            18

                           
                        
                     

                     
                           	
                              
                           
                            Two markers (n=44)

                           
                        
                     

                     
                           	
                              
                           
                            Hemolysis+ MRHA+

                           
                        
                        	
                              
                           
                            28

                           
                        
                     

                     
                           	
                              
                           
                            Hemolysis+ MSHA+

                           
                        
                        	
                              
                           
                            01

                           
                        
                     

                     
                           	
                              
                           
                            Hemolysis+ CSH

                           
                        
                        	
                              
                           
                            13

                           
                        
                     

                     
                           	
                              
                           
                            MRHA++ CSH
                           

                           
                        
                        	
                              
                           
                            01

                           
                        
                     

                     
                           	
                              
                           
                             MSHA++ CSH 

                           
                        
                        	
                              
                           
                            01

                           
                        
                     

                     
                           	
                              
                           
                            Three markers (n=13)

                           
                        
                     

                     
                           	
                              
                           
                            Hemolysis+ MRHA++CSH
                           

                           
                        
                        	
                              
                           
                            08

                           
                        
                     

                     
                           	
                              
                           
                            Hemolysis+ MSHA++CSH
                           

                           
                        
                        	
                              
                           
                            05

                           
                        
                     

                  
               

            

            Hemolytic strains (60%) had higher hemagglutination positivity than non-hemolytic strains (37.14%) though CSH positivity was
               higher in non-hemolytic strains (22.85%) than hemolytic strains (20%), but the difference in this case was not significant
               (Table  3).
            

            
                  
                  Table 3

                  Distribution of virulence factors in relation to hemolysis

               

               
                     
                        
                           	
                              
                           
                           
                              Hemolytic character
                              
                           

                           
                        
                        	
                              
                           
                            Hemagglutination

                           
                        
                        	
                              
                           
                            CSH

                           
                        
                     

                     
                           	
                              
                           
                           Hemolytic strains (n=70)

                           
                        
                        	
                              
                           
                            42 (60.0%)

                           
                        
                        	
                              
                           
                            14 (20.0%)

                           
                        
                     

                     
                           	
                              
                           
                           Non-hemolytic strains (n=140)

                           
                        
                        	
                              
                           
                            52 (37.14%)

                           
                        
                        	
                              
                           
                            32 (22.85%)

                           
                        
                     

                  
               

            

            Significantly higher proportion of MRHA+ (53.7%) strains had hemolysin as virulence factor than MSHA+ (22.2%) strains & MRHA- MSHA- (24.13%) strains and a higher proportion of MRHA+ (31.3.%) strains were positive for CSH than MSHA+ (22.2%) strains & MRHA- MSHA- (16.4%) strains (Table  4).
            

            
                  
                  Table 4

                  Distribution of virulence factors in relation to hemagglutinations

               

               
                     
                        
                           	
                              
                           
                            Virulence factors

                           
                        
                        	
                              
                           
                            MRHA+ (n=67)

                           
                        
                        	
                              
                           
                            MSHA+ (n=27)

                           
                        
                        	
                              
                           
                            MRHA- MSHA-(n=116)

                           
                        
                     

                     
                           	
                              
                           
                            Hemolysin

                           
                        
                        	
                              
                           
                            36 (53.7%)

                           
                        
                        	
                              
                           
                            06 (22.2%)

                           
                        
                        	
                              
                           
                            28 (24.13%)

                           
                        
                     

                     
                           	
                              
                           
                            CSH

                           
                        
                        	
                              
                           
                            21 (31.3%)

                           
                        
                        	
                              
                           
                            06 (22.2%)

                           
                        
                        	
                              
                           
                            19 (16.4%)

                           
                        
                     

                  
               

            

            Significantly higher proportion of UUTI (48.5%) cases were positive for hemolytic strains than LUTI (30.3%) and ABU (8%) cases.
               Although cell surface hydrophobicity was also seen in relatively higher proportion in UUTI (28.8%) cases than LUTI (20.2%)
               and ABU (12%) cases, the association was not significant (Table  1).
            

         

         
               Discussion

            Urinary tract infection (UTI) is one of the most common infection encountered in clinical practice mainly being associated
               with different members of family Enterobacteriaceae and E. coli is the predominant pathogen among them. Certain strains of
               E. coli are consistently associated with uropathogenicity and are designated as uropathogenic E. coli (UPEC).10 UPEC strains cause 75-90% of community acquired and about 50% of nosocomial UTI.4 UPEC strains encode a number of virulence factors that enable bacteria to colonize the urinary tract and persist in face
               of highly effective host defenses.7 It was first recognized in late 1970s that E. coli strains causing UTI typically agglutinate human erythrocytes despite the
               presence of mannose and this was mediated mainly by fimbrae. Subsequently a number of virulence factors were proposed as virulence
               markers for uropathogenic isolates of E. coli.21 An attempt was made in this study to find the association of virulence factors of E. coli strains isolated from cases of
               urinary tract infection namely hemolysin, hemagglutination and cell surface hydrophobicity with UTI. In this study, majority
               of E. coli strains were isolated from cases of LUTI (56.6%) followed by UUTI (31.43%) and ABU (11.9%). These findings were
               in close proximity with Lipsky3  and Ruiz et al.22 The possible explanation can be that the ascending route of UTI is more common than the hematogenous route. In our study,
               hemolysin production was seen in 33.34% strains which is similar to findings of Johnson (38%)1 and Fatima et al. (30%).23  However, Raksha et al. (41.36%)10 and Brook et al. (43%)24 found slightly higher incidence of hemolytic strains in their study. In contrast Ulleryd et al.25 found a much higher percentage (76%) of hemolytic UPEC strains in their study. Our study also found hemolysin production
               in 48.5% UUTI strains, 30.3% LUTI strains and only 8% ABU strains which was similar to study of Brook et al.25 that reported hemolytic strains in 38% cases of UUTI and 27% cases of LUTI suggesting that pyelonephritis strains are more
               virulent. Our study showed 31.9% uropathogenic strains to be MRHA+ which was similar to studies of Raksha et al. (30.9%),10 Kausar et al. (30%)20 and Fatima et al. (30%)24 while Green & Thomas (56%)26  and Johnson (58%)1 reported higher rates of MRHA positivity. In our study, 12.9% strains were MSHA+ which correlated with study by Raksha et al (18%)10 but was in contrast to study by Kausar et al.20 who found 72% MSHA positivity. In the present study, 31.9% uropathogenic strains were MRHA+, 12.9% MSHA+ and 55.2% strains non hemagglutinating (MRHA- MSHA-) which was similar to study of Siegfried et al.13 who found that among UPEC strains, 43% were MRHA+, 14% MSHA+ and 43% MRHA- MSHA-. In relation to the type of UTI, the present study found that in UUTI cases, 59.1% strains were MRHA+, 22.7% MSHA+ and 21.2% MRHA- MSHA-. Among LUTI cases, 21% strains were MRHA+, 10.1% MSHA+ and 68.9% MRHA- MSHA-. Among ABU cases, 12% strains were hemagglutinating and all these cases were MRHA+ and rest 88% were MRHA- MSHA-. It was thus concluded that E. coli associated with severe forms of UTIs exhibited mannose resistant hemagglutination (MRHA)
               than mannose sensitive hemagglutination (MSHA). Our study correlated with findings of Hagberg et al 27 who reported a higher proportion (77%) of pyelonephritogenic strains to be MRHA+, followed by acute cystitis (36%) and ABU (18%). The present study also found 21.9% uropathogenic strains to be positive
               for cell surface hydrophobicity which was in close proximity with studies by Raksha et al (26.36%)10 and Fatima et al (22%)23 although Siegfried et al.13 reported higher percentage (76.8%) of CSH+ strains. We also studied correlation among the 3 virulence factors with each other in uropathogenic strains. A correlation
               between production of hemolysin and other virulence factors was also made in the present study which showed that 60% hemolytic
               strains were hemagglutination positive which was similar to studies by Evans et al.28 where 63% hemolytic strains were hemagglutination positive. The study showed that significantly higher proportion of MRHA+ strains (53.7%) produced hemolysin as compared to MSHA+ (22.2%) and MRHA- MSHA- (24.13%) strains which correlated well with study by Siegfried et al.13 who also found significant correlation of hemolysin production between MRHA+ & MSHA+ strains and between MRHA+ & MRHA- MSHA- strains. In our study, we found that a higher proportion of MRHA+ strains showed CSH positivity than MSHA+ and MRHA- MSHA- strains, though the association was not significant which correlates well study of Siegfriedet al.13 who found no significant association between MRHA & CSH positivity and MSHA & CSH positivity. The present study found a significantly
               higher proportion of UUTI strains that were positive for hemolysin & hemagglutination as compared to LUTI and ABU strains
               which correlated well with Brook et al.24 and Hagberg et al.27 In our study, 66.19% UPEC strains possessed one or more virulence markers which correlated well with findings of Raksha et
               al. 10 who found 65% of UPEC strains with one or more virulence markers. Considering the high degree of morbidity and mortality
               of urinary tract infections, the subject of uropathogenic E. coli is receiving increasing attention. Various studies have
               revealed that uropathogenic E. coli express several surface structures and secrete protein molecules that are peculiar to
               the strains of E. coli causing UTI.5, 7, 13 Hence, it becomes important to identify UPEC strains in urinary samples.
            

         

         
               Conclusion

            Our study shows that a large number of uropathogenic E. coli strains had one or more virulence factors. The occurrence of
               multiple virulence markers in UPEC strains strengthen the concept of association of uropathogenic E. coli in pathogenicity
               of urinary tract infections. The methods of detection of above-mentioned virulence factors are reasonably easy and screening
               them in a clinical microbiology laboratory is a worthwhile exercise. Further studies on better understanding of interaction
               of different virulence factors at molecular level are necessary as most UPEC strains express multiple virulence factors simultaneously.
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