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Introduction 
Urinary tract infections (UTIs) are one of the most common 

infections encountered in clinical practice [1] mainly being associated 
with different members of the family Enterobacteriaceae and among 
them Escherichia coli (E. coli) is the most predominant pathogen 
[2]. Certain serotypes of E. coli are consistently associated with 
uropathogenicity and are designated as uropathogenic E. coli (UPEC) 
[3]. Uropathogenic strains account for 90% of all UTIs among 
ambulatory patients and up to 50% of all nosocomial UTIs [4]. Concept 
of uropathogenic bacteria refer to certain strains that are selected 
from faecal flora, not by chance or based on prevalence but because 
of specific virulence factors. Uropathogenic E. coli strains are believed 
to display a variety of virulence properties that help them to colonize 
host mucosal surface and circumvent host defense to allow invasion of 
the normally sterile urinary tract [2]. Since 1970s, an array of virulence 
factors have been proposed as virulence markers for uropathogenic 
isolates of E. coli. These include capsular K antigen, somatic O antigen, 
adherence, haemagglutination of erythrocytes, haemolysin, resistance 
to the bactericidal activity of serum, phagocytosis, cell surface 
hydrophobicity, expression of siderophore aerobactin, production of 
colicin V and cytotoxic necrotizing factor. These UPEC isolates express 
chromosomally encoded virulence markers and these markers of UPEC 
are expressed with different frequencies in different disease states 
ranging from asymptomatic bacteriuria to chronic pyelonephritis.

 This study was undertaken to determine the prevalence of virulence 
factors (haemolysin, serum resistance, haemagglutination of human 
erythrocyte and effect of D-mannose on haemagglutination, adhesion 
and cell surface hydrophobicity) in urinary and faecal isolates of E. coli 
obtained from clinical samples in a North Indian tertiary hospital and 
to know the distribution of different O serotypes of E. coli isolates.

Material and Methods
The study was conducted on a total of 250 strains of E. coli obtained 

from same number of symptomatic cases of UTI whose urine samples 
were processed in Department of Microbiology, JN Medical College 
& Hospital, Aligarh, India for routine culture and susceptibility. A 
total of 50 isolates of E. coli from stool samples of apparently healthy 
individuals were included as controls. 

The urine samples were inoculated on 5% sheep blood agar and 
MacConkey (MA) agar and then incubated at 37⁰C for 24 hrs. Culture 
plates with a growth of single morphotype of E. coli having counts 
≥ 105 CFU/ml were considered significant. E. coli was identified and 
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Abstract
250 urinary isolates of E. coli were studied for the presence of various virulence markers i.e., haemolysin, 

haemagglutination of human O erythrocytes, cell surface hydrophobicity, adhesion and O serotype prevalence. Fifty 
stool isolates of E. coli were taken as controls. Of the 250 isolates, 75 exhibited haemolysin (p<0.001), 75 exhibited 
mannose resistant haemagglutination (p<0.001), 120 (p<0.01) showed adhesion, 30 (not significant) were resistant 
to bactericidal activity of serum, 55 showed cell surface hydrophobicity (p<0.05).Common serotypes encountered in 
this study were O25, O20, O7, O50, O4, O6, O26 and O51. Presence of multiple virulence markers also noticed. We 
believe that the methods of detection of the above mentioned virulence markers are reasonably easy and screening 
them in clinical microbiology laboratories is a worthwhile exercise. 
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characterized on the basis of their colony characters, morphology and 
biochemical reactions as per the standard methods [5].

Studies determining virulence factors

All the isolates from urine and stool specimens were tested for the 
virulence factors as described below: 

Haemolysin: The isolates to be tested were subcultured onto 5% 
sheep blood agar and incubated overnight at 37⁰C. Haemolysin was 
detected by determining a clear haemolytic zone (β-haemolysis) 
around each colony [6]. 

Haemagglutination of Human group O erythrocytes: The test 
was carried out on  Venereal Disease Research Laboratory (VDRL) 

drop of erythrocytes and one drop of phosphate-buffered saline (PBS) 
with and without 3% mannose on a VDRL slide. The slide was rotated 
for five minutes at room temperature and the presence or absence of 
macroscopic haemagglutination was noted. Haemagglutination was 
considered to be mannose resistant (MRHA) when it occurred in the 
presence of D-mannose and mannose sensitive (MSHA), when it was 
inhibited by the presence of D-mannose [7].

Cell surface hydrophobicity (CSH): Different molar 
concentrations of ammonium sulphate including 1 M, 1.4 M and 2 
M were prepared. Forty microliter of 0.2 M PBS (pH 6.8) was taken 
in first column of VDRL slide. Forty microliter of 1 M, 1.4 M and 2 
M concentration of ammonium sulphate were taken in each well of 
other columns of the VDRL slide. Forty microliter of E. coli suspension 
(5x109 cfu/ml) was added to each of these wells. The clumps formed in 
different molar concentration of ammonium sulphate were observed 
microscopically under 100x and 400x magnification. Strains were 
considered hydrophobic if aggregation in a concentration of 1.4 M was 
seen [7].

slides. One drop (100 μl) of bacterial suspension was mixed with one 
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Serum bactericidal assay (SBA): E. coli cell suspensions in Hank’s 
Balanced Salt Solution (HBSS) were prepared (2.5×104 cfu/ml) in the 
microtitre plate and to each well of a microtitration plate, 0.05 ml of 
100% serum was added. The control well contained 0.05 ml of HBSS 
instead of serum. Then from each well samples (10 μl) were withdrawn 
after incubation for 60, 120 and 180 min at 37°C and were spread on 
blood agar plates. The plates were incubated for 18 hrs at 37°C and 
viable counts were determined. Susceptibility of bacteria and serum 
bactericidal activity was expressed as the percentage of bacteria 
surviving after 180 minutes in relation to the original count of bacteria 
determined at 0 minutes in the controls. Strains were termed serum 
sensitive if the viable count dropped to 1% of the initial value and 
resistant if more than 90% of organisms survived after 180 minutes [7]. 

Adhesion: A mixture of 108 bacteria and 105 epithelial cells was 
incubated in 1 ml of PBS for 1 hr at 37⁰C with repeated shaking. 
Unattached bacteria were removed by repeated washing in PBS. A 
drop of trypan blue was added to the mixture and bacteria attached 
to one epithelial cells estimated. The degree of adherence was taken as 
Weak 1+, moderate 2+, strong 3+; 2+ or more was taken as positive 
adherence [8].

Serotyping: Isolates were serotyped at Central Research Institute, 
Kasauli (National Salmonella & Escherichia Centre), India.

Antibiotic Susceptibility Testing: Antibiotic Susceptibility 
Testing was done according to the method of Bauer et al. The antibiotic 
discs (Hi Media, India) used in the present study are shown in Table 2.

Results and Discussion
Virulence markers

Of the 250 urinary isolates from patients presenting with UTI 
cases, 75 (30%) showed haemolytic activity among 50 isolates from 
healthy volunteers, only 2 (4%) showed haemolysis. The difference 
between cases and controls for haemolysin production was highly 
significant (p<0.001). Of those 250 isolates, 120 (48%) isolates showed 
Haemagglutination (HA) of group O RBCs and 130 (52%) were non-
haemagglutinating. Out of 120 isolates tested strains positive for HA, 
75 (30.0%) were MRHA positive and 45 (18.0%) were MSHA. Where 
as in the control group 3 isolates out of 50 showed HA and all the 3 
showed MRHA. The difference in MRHA between cases and controls 
was highly significant (p<0.001) (Table 1). Of the 250 isolates, 120 
(48%) isolates from UTI patients isolates from and 5 (10%) isolates 
from controls showed adhesion to uroepithelial cells. The difference 
between cases and controls for adherence to epithelial cells was found 
highly significant (p<0.01) (Table 1).

Resistance to bacterial effect of serum was seen in 30 (12%) isolates 
of E. coli from patients and in only 2 (4%) isolates in the control group 

and this difference was not found to be statistically significant (Table 
1). A total of 55 (22%) isolates among 250 cases and 4 (8%) isolates 
among 50 controls showed cell surface hydrophobicity. The difference 
between cases and controls for cell surface hydrophobicity was found 
statistically significant (p<0.05) (Table 1). It was observed that among 
the different virulence markers tested, adhesion and haemagglutination 
were found in highest number of isolates from UTI patients. In the 
control group, adhesion and cell surface hydrophobicity were the two 
most commonly associated markers.

Antibiotic sensitivity

Antibiotic sensitivity pattern of uropathogenic Escherichia showed 
maximum resistance to nalidixic acid (84%) which is an antibiotic 
specially used in the cases of UTI, high prevalence of resistance to 
this antibiotic is really a matter of concern. Least resistance (40%) was 
seen with Netilimicin. Majority of isolates were multidrug resistant 
(>3 drugs) and none of the strains were found to be sensitive to all the 
antibiotics tested (Table 2).

Serotyping

Out of total 250 isolates of E. coli in the present study, 195 could be 
serotyped and of which 181 were found typeable, 9 were non-typeable 
and 5 were reported as rough strains. Of the 181 typeable E. coli strains, 
majority belonged to serotypes O2, O4, O6, O12, O18, O20, O25, O50, 
O51, O71, and O101. The most common serotypes among the E coli 
isolates from the patients were O25 (25 strains) followed by O20 (18 
strains), O2 and O50 (12 strains each), O4 (11 strains), O6 (9 strains) 
O26 and O51 (8 strains each), O101 (7 strains) and O12, O18 and O75 
(6 strains each).

One hundred and forty two cases out of total 250 exhibited one 
virulence marker, 67 showed two virulence markers and 41 cases 
showed three virulence markers. Among 142 one marker positive 
cases, majority of UPEC (99) produced adhesion. Among 67 two 
marker positive cases, notably 24 UPEC produced lytic+MRHA, 19 
UPEC produced MRHA+CSH and other combinations of virulence 
markers were also seen. Among 41 three marker positive cases, 
22 UPEC produced lytic+MRHA+CSH and 10 UPEC produced 
lytic+MRHA+SR. Most of the faecal strains from controls exhibited no 
virulence associated properties. 

Considering the high degree of morbidity and mortality of UTIs 
the subject of uropathogenic E. coli is receiving increasing attention. 
UPEC is reported to express several virulence factors. In our study, the 
virulence factors studied were significantly high (p<0.01) in cases as 
opposed to controls. We inferred that UPEC strains are definitively 
associated with the aetio-pathogenesis of UTI. Our findings correlated 
well with the findings of most other workers who also found significantly 

Virulence Markers
Cases (n=250) Control (n=50)

Positive Negative Positive Negative
Haemolysis 75 (30) 175(70) 2(4) 48(96)
Haemagglutination 120(48) 130(52) 3(6) 47(94)

MRHA 75(30) 3(6)

MSHA 45(18) 0(0)

Adhesion 120(48) 130(52) 5(10) 45(90)
Serum Resistant 30(12) 220(88) 2(4) 48(96)
Cell surface Hydrophobicity 55(22) 195(78) 4(8) 46(92)

 Figures in parenthesis show percentage of sensitivity. 

Table 1: Virulence markers detected in Uropathogenic E. coli (UPEC) from cases 
and E. coli isolates from controls.

S.No. Antibiotic 
Sensitivity pattern

Sensitive Resistant
1. Netilimicin 150 (60) 100 (40.0)
2. Ceftazidime 134 (53.6) 116 (46.4)
3. Cefotaxime 108(43.2) 142(56.8)
4. Gentamicin 103 (41.2) 147(58.8)
5. Amoxicillin 88   (35.2) 162(64.8)
6. Co-trimoxazole 85   (34.0) 165(66.0)
7. Ciprofloxacin 53   (21.2) 197(78.8)
8. Nalidixic acid 40   (16.0) 210(84.0)

Figures in parenthesis show percentage of sensitivity. 

Table 2: Antibiotic sensitivity pattern of Uropathogenic Escherichia coli strains.
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The capacity to cause MRHA is due to various adhesions mainly P 
fimbriae, P associated fimbriae and FIC fimbriae seen in pyelonephritis 
cases. These adhere to fibronectin on uroepithelial cells contributing to 
persistence.

The presence of multiple virulence factors was also noticed (Figure 
1). The occurrence of multiple virulence markers in UPEC strains 
strengthens the concepts association of UPEC in uropathogenecity 
of urinary tract. It was interesting to note that UPEC with multiple 
virulence factors were significantly more in cases than in controls. 

Conclusions
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higher values of virulence factors in UPEC compared to faecal isolates 
of E. coli from the controls [6,9-12]. Haemolytic activity of E. coli is 
related to haemolysin production. Four different types of haemolysins 
have been described. Most important being α and β haemolysins [13]. 
Raksha et al. also found significant difference (p<0.001) in haemolysin 
production between cases and controls [6]. Cytotoxicity and 
stimulation of growth of bacterium by making iron available appear to 
be the most likely mechanisms by which haemolysin may function to 
increase the virulence of E. coli.

A number of studies have suggested a possible correlation between 
the virulence of an organism and the ability of that organism to 
adhere to the surface of an organ and play an important role in the 
pathogenesis of urinary tract infection [17,18]. In the present study the 
difference in the ability to attach to uroepithelial cells was found to be 
highly significant (p<0.001). Thus, indicating that adherence has an 
important role in the pathogenecity of UTIs.

Bacteria are killed by normal human serum through lytic activity of 
the alternative complement pathway [19]. Bacterial resistance to killing 
by serum results due to capsular polysaccharides and surface proteins. 
We observed that although more E. coli isolates from cases were 
resistant to anti bacterial activity of serum as compared to controls, the 
difference was not statistically significant. 

The role of CSH in mediating bacterial adherence to mammalian 
cells was conceived by Mudd and Mudd [20]. Hydrophobicity is a 
recently described novel virulence mechanism in E. coli and it has a 
role in mediating bacterial adherence to mammalian cells. Crystalline 
surface layer ‘S’ present on both Gram positive and Gram negative 
organisms play an important role in this pathogenesis [21]. We found 
significant difference in cell surface hydrophobicity between E. coli 
isolates from cases with UTI and controls (p<0.05). Contradictory 
to our findings, Raksha et al. found no significant difference in CSH 
between cases and controls [6].

Uropathogenic isolates of E. coli belonging to certain serogroups 
possess specific virulence factors which enhance the ability to cause 
infection. In most studies E. coli isolates from UTI belonged to 
‘Uropathogenic’ serotypes O1, O2, O4, O6, O7, O8, O16, O18, O25 
and O75 [22]. The serotypes encountered in this study were among 
the conventional serotypes of uropathogenic E. coli and many late 
serotypes were also involved i.e. O25, O20, O2, O50, O4, O6 and O51. 
Serotypes O4 and O6 have been reported to be the most frequently 
isolated from urine in many studies [3,23] but in our study serotypes 
O25 and O20 were the predominant types found. Haemolytic E. coli 
strains were found to occur with greater frequency in the serotypes O2, 
O4, O6, O20 and O25. MRHA positive UPEC were found to occur with 
greater frequency in serotypes O2, O20, O25 and O50 (24) but in our 
study serotypes O25 and O20 were found to be predominant.

Haemolysin production and the capacity to cause MRHA emerged 
as the most important virulence factors. Haemolysin, especially 
α-haemolysin is strongly pro-inflammatory leading to secretion of IL-6 
and chemotaxins which sets the pace for pathogenesis of renal disease. 

In this study we concluded that UPEC strains are definitely 
associated with the aetiopathogenic of UTI. E.coli strains that cause 
UTI typically produce specific virulence determinants. Such as 
haemolysin, haemagglutination of human group O erythrocytes, cell 
surface hydrophobicity, serum resistance and adhesion to uroepithelial 
cells. We believe that the methods of detection of the above mentioned 
virulence markers are reasonably easy and screening them in a clinical 
microbiology laboratories is a worthwhile exercise. 

Agglutination of human erythrocytes by E. coli strain is an indirect 
evidence of the presence of fimbriae on that strain [14]. MRHA positive 
strains can be considered as UPEC most likely having P fimbriae [15]. E. 
coli strains associated with severe form of UTIs are reported to exhibit 
mannose resistant haemagglutination [14,16]. In the present study, 
difference between cases and controls was highly significant (p<0.001). 
This was similar to studies conducted by many workers who also found 
significant difference in MRHA between cases and controls [6,15]. 
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