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Abstract 
Certain subset of E. coli deviates from commensal category and acts as the source of extra intestinal infection and is referred 

as UPEC. This study was designed to characterize the phenotypic virulence of UPEC from symptomatic UTI and ASB. The total of 212 
E. coli isolated from UTI and 32 isolates from ASB were subjected characterization of α hemolysin, fimbriae, bacterial resistance, 
motility by mannitol semisolid medium and biofilm using phenotypic methods. The percentage of alpha hemolysin, MRHA, MSHA, 
bacterial serum resistance and biofilm was found in 15.6%, 17%, 13.7%, 93.8%, 60.4% of UPEC from UTI and 6.2%, 9.4%, 6.2%, 
71.2%, 37.5% of UPEC from ASB respectively. UPEC serum resistance was significant among ASB (p value <0.05) compared to UTI 
isolates. The phenotypic expression of virulence was less and is necessary to genetically characterize the virulence of UPEC. 
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Introduction 

Generally, single bacterial species are responsible for more than 95% of the urinary infection. The common microorganisms 
causing UTI are Staphylococcus aureus, CONS, Enterococcus species and by some members of Enterobacteriaceae.1 E. coli, a universal 
bowel commensal a member of Enterobacteriaceae is the predominant bacterium found to cause urinary infection.2 

 

Certain subsets of E. coli deviating from commensal category to intestinal pathogenic and some with the ability to move outside 
the intestinal niche, being the source of extra intestinal infections are referred to as UPEC. The expression of local symptoms and the 
frequency of infection depend on the bacterial virulome as well as the host for initiating the infection. Virulence is the specific factor of 
any microbes with the potential ability to cause infection and these distinguish potential pathogen from harmless intestinal strains.3  

 
The urovirulence markers like P fimbriae, Type 1 fimbriae, serum resistance, hemolysis, biofilm etc., facilitates colonization, 

adhesion, invasion and progression of UTI to the state of chronic and recurrent conditions combating the immune response.4 There is 
no unique or single definitive virulence marker for an UPEC to cause symptomatic infection.5,6  But certain E. coli remains with 
asymptomatic colonization and given importance only in cases of antenatal women and patients under urogenital procedures to prevent 
the complications. There are some unclear features in UPEC from symptomatic UTI & those causing ASB, which resembles 
commensalism. The present study was designed to characterize the virulence of UPEC from symptomatic UTI as well as from ASB by 
phenotypic methods.  

 
Materials and methods 
Sample collection and processing 

The study was conducted after obtaining Institutional Ethical approval. This cross-sectional study included 212 E. coli isolates 
from symptomatic UTI and 39 E. coli isolates from ASB and their virulence factors were characterized phenotypically. 

 
Phenotypic Virulence characterization 
(i) α hemolysin detection 

The isolates were grown in 5% sheep blood agar and were incubated overnight at 37οC. Alpha Hemolysin was detected by the 
presence of a complete lysis of RBCs around the growth.7 

(ii) Serum Resistance 
E. coli grown at 37oC in a basal media were suspended in HBSS (Hank’s Balanced Salt Solution). To 0.05 ml of HBSS bacterial 
suspension and an equal amount of serum were added in a sterile vial and incubated at 37oC. The control vials contained only 0.05 ml 
of HBSS with bacterial suspension without serum. 10µl of the control and 10 µl of the test samples was withdrawn and inoculated on 
Nutrient agar plate at 0-hour, 1 hour, 2 hours and 3 hours of incubation. The agar plates were kept for further incubation for 18-24hrs at 
37oC and viable count was determined. If the viable count dropped to 1% of initial value after 3 hours of incubation, the strains were 
considered to be serum sensitive. The strains were serum resistant if 90% of organism survived after 3hours of incubation.8 
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iii) Fimbriae detection by Hemagglutination 
E. coli were inoculated into 10 ml of 1% nutrient broth and incubated at 37°C for 72 hours for full fimbriation. 10μl of 3% 

RBC suspension was added to 10μl of the broth culture; 10μl of phosphate buffer saline (PBS) of D-mannose was added to a multiple-
concavity slide. This mixture was prepared in parallel sets in the same slide for a single isolate and 2% w/v D-mannose was added to 
the RBCs, PBS and a drop of broth culture in one set and not in the other set (without addition of 2% D-mannose). The slide was then 
rotated in VDRL shaker at room temperature for 5 minutes. Presence of clumping was taken as positive for hemagglutination. MSHA 
was detected by the absence of hemagglutination in a set of tests in which a drop of 2% D-mannose was added and agglutination in the 
other without D-mannose. MRHA was detected by the presence of hemagglutination with 3% RBC suspension in both the sets - with 
and without of 2% D-mannose.9 

 

(iv) Motility characterization 
The semisolid type of mannitol motility medium was prepared and sterilized as per the standard conditions. The bacterial 

colonies were stab inoculated in the medium and incubated at 37C. Motility was observed by the diffusion of the bacteria across the line 
of inoculation29. 
 
(v) Biofilm detection  

Three to five colonies were suspended with 5 ml of Trypticase soy broth (TSB) and incubated for 24 hrs. The suspension was 
diluted for adjustment to 0.5 McFarland turbidity standards to reach 105 CFU/ml. An aliquot of 200μL of diluted bacterial suspension 
with 10μL 0.25% glucose, was added to each well of 96-well flat-bottomed polystyrene microtitre plates and incubated for 18-24 hrs at 
37°C.  Media with suspended bacteria were discarded and the wells were washed carefully 3-4 times with PBS and air-dried. Fixation 
was done by 99% methanol for 10 minutes and air-dried, then stained with 200 μL of 0.9% crystal violet for 20 minutes. The dye-stained 
wells were washed using PBS and the attached bacteria solubilized with 95% ethanol. The wavelength was set with a filter of 450/630nm 
in ELISA reader (Biorad) and the optical density of the adherent biofilm was determined twice. The OD of Negative control was 
measured using 200 µL of TSB broth with 0.25% glucose to obtain a background absorbance. This test OD measurement was repeated 
in triplicate. The interpretation of biofilm production was based on the criteria depending on standard calculations laid down by 
Christensen et al., and were classified as the following: non-producer, weak, moderate and strong producer.9,11 

 
Table 1: Biofilm criteria 
Biofilm production Biofilm criteria  
Non-producer  OD450/630 ≤ ODcontrol 
Weak ODcontrol< OD450/630 ≤ 2ODcontrol 
Moderate 2ODcontrol < OD450/630 ≤ 4ODcontrol 
Strong OD450/630 > 4ODcontrol 

 
The calculated optical density (OD) value 0.0541was chosen as guideline to distinguish biofilm producers from those that did 

not form biofilm in this study.  
 

Result 
The percentage of alpha hemolysin was found in 15.6% and 6.2% of the UPEC isolates from UTI & ASB. By hemagglutination 

17% showed MRHA type of fimbriae, 13.7% with MSHA type in UTI, 9.4% MRHA, 6.2% MSHA in ASB isolates and no expression 
of fimbriae (MRHA-MSHA-) in 69.3% and 84.4% of UTI & ASB isolates. The motility feature was observed in 93.9% of UTI & 90.6% 
of ASB isolates. The comparison and significance of phenotypic virulence among the isolates from Symptomatic UTI and ASB (table 
2). 
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Discussion 
E. coli, the commensal of intestine causes both intestinal and extraintestinal infection that makes its distinctive. Though the 

prevalence rate of ASB is less, this UPEC prevails in 85% of ASB prevalence rate.12 The aspect of higher proportion of E. coli as 
innocuous commensal bacteria of GIT establishes long-term or short-term residential strains.13 

 

Fimbrial characterization of UPEC from symptomatic UTI isolates 
The present study with 15.6% of isolates from symptomatic UTI expressed α-hemolysin. This was less compared with the 

previous reports of 25% in Vijayalakshmi et al.,8; 30% in Fatima et al.14; 21% in Kauser at al.,15; 27.3% in Mohajeri et al.,16  
 

In view of fimbrial expression in UPEC isolated from symptomatic UTI, 17% were MRHA type, 13.7% MSHA and 69.3% of 
the strians were MSHA-MRHA-. This study is concordant to Duguid JP et al.,17 with the observation of 20% MRHA, 7% MSHA and 
73% MSHA-MRHA- isolates. 

 
The reports of other Indian studies on MRHA and MSHA were 36% and 30% in Maharashtra18, 30% and 18% in Aligarh14, 

30% and 32% of MRHA and MSHA fimbriae type in Vellore19. The expressions of fimbriae in the above studies were found to be 
higher compared with the present study. The factors for less fimbrial expression in the present study may rely on factors like bacterial 
inoculum, growth conditions of the bacteria (in vitro), any mutation or deletion and suppression or the controlled expression of gene by 
other co-existing genes leads to the varied expression of fimbriae. 

 
Fimbrial characterization of UPEC from ASB  

Various studies suggest that UTI strains are highly virulent and ASB strains lack virulence property. Considering this view, E. 
coli isolates from ASB were subjected for phenotypic virulence detection. The phenotypic expression of α-hemolysin was observed in 
2(6.2%) of the 32 UPEC isolates from ASB and is in agreement with the study of Srivastava et al.,20 where 4 isolates showed β hemolysis 
pattern out of 39 ASB isolates. The fimbriae of ASB isolates expressed 9.4% MRHA and 6.2% MSHA which were found to be less 
compared with the report of Srivastava et al.,20 where 47.3% and 25% of isolates expressed MRHA and MSHA type from ASB. The 
serum bactericidal property was found in 93.8% of ASB isolates which was highly increased and is in contrast to the study of Srivastava 
et al., with 25.8% among the ASB isolates.  

 
Serum resistance property of UPEC from UTI and ASB isolates 

The bacterial resistance against serum bactericidal action is conferred by the effects of capsular polysaccharide, surface 
exclusion protein and O antigens. There were 71.2% of the isolates with serum resistance property in case of symptomatic UTI. The 
other studies, Desai et al.18 reported 52% serum resistance, Jadhav et al.,21 and Anuradha et al.,22 with 55.3% and 51% respectively. The 
present study isolates have increased serum resistance capability implying the high persistence of UPEC among the host in relation to 
host immunological factors. 

 
In comparison of phenotypic virulence, statistical significance was noted in serum resistant property of UPEC isolated from 

ASB (93.8%) with p value 0.007 (<compared to symptomatic UTI isolates (71.2%) (Table 2). The present study contradicts the similar 
study done by Srivastava et al.,212 where the serum resistance was significant in cystitis isolates than ASB. According to this study, 
significant serum resistance property of ASB isolates enhances the persistence in the host by evading the serum bactericidal action and 
for provoking symptomatic infection the isolates require association of other virulence traits.  

 
Motility as an urovirulence of UPEC 

Most of the E. coli isolates were commonly motile. In this study, 93.9% & 96.6% of UTI & ASB UPEC isolates were motile. 
Statistically there is no significant difference in the flagellar expression among the isolates. Motility also was found to be a part in quick 
access of E. coli and their wide spread infection from lower to upper urinary tract. Always there is interplay between type 1 adhesin 
expression and motility of UPEC contributing to uropathogenesis which was demonstrated by Lane and coworkers23.   

 
Biofilm production among the UPEC isolates 

Isolates capable of producing biofilm is an added strategy to colonize urinary tract, fast growth rate in urine and higher 
resistance from the bacterial removal by the hydrodynamic force of liquid flow environment24.  

 
This study isolates showed higher percentage (60.4%) of biofilm formation in E. coli of which strong biofilm producers were 

3.1%, moderate biofilm in 10.9% and weak biofilm formation in 86% of the UPEC. A study by Rebecca et al.,21 reported 59% of biofilm 
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producing E. coli from ASB, which was higher compared to the present study with 37.5% from ASB and these differences may be due 
to different study population.  

 
The host who is prone to ASB might undergo the consequences of ASB as well as symptomatic UTI in future depending on 

the virulence potential of the infecting bacteria in relation to the host factors. All the genes coding the bacterial characteristics may not 
express phenotypically because of the “ON & OFF Phase Switch mechanism.25 The present study isolates had less percentage of fimbrial 
expression and the genes encoding these fimbriae can be detected by molecular methods. The host virulence interaction may influence 
the expression of phenotypic virulence characteristic inside the host urinary tract and its pathogenesis. 

 
Conclusion 

The serum resistance property of UPEC isolated from ASB was found to be significant in our phenotypic in vitro findings. The 
phenotypic expression of virulence can be influenced by various factors under in vitro conditions. So, it is necessary to genetically 
characterize the virulence of UPEC which is recommended for the future of this study. 
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