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Introduction: Urinary tract infection caused by uropathogenic Escherichia coli (UPEC)
strains is one of the most important infections in the world. The UPEC strains harbor many
genes which encode for various virulence factors, like production of biofilms, deploying
toxins- hemolysin and production of various antimicrobial resistance genes.

Aim of study: To determine the prevalence and correlation of phenotypic virulence traits
(biofilm and hemolysin production) and antibiotic resistance profile among the UPEC
isolated from UTIs.

Material and method: A prospective study was done among patients presenting with
symptoms of UTIL The uropathogenic E. coli (UPEC) isolated from samples were
processed to check for biofilm production using Congo Red agar and Christensen Tube
Adherence methods. Hemolysin production was checked using 5% sheep blood agar and
antimicrobial susceptibility testing was done as per CLSI guidelines.

Results: out of the 100 UPEC isolates- 65% were in vitro positive for the biofilm
production. Biofilm production by both the Congo Red agar method and the tube adherence
method was seen in 52% of the total isolates, whereas 35% of the strains were found to be
negative by both the methods. Hemolysin production was seen in 22 isolates and of these,
17 produced biofilms by either Congo Red Agar or tube adherence method. Antimicrobial
susceptibility testing showed that overall among the 100 UPEC isolates, multidrug
resistance was seen more among biofilm producers.

Conclusion: Better understanding of virulence factors using phenotypic methods in
laboratories can be useful in understanding pathogenesis and thereby modify the antibiotic
therapy.

Copyright©2020 Dr. Nivedita Thass, Dr. Manoj Kumar and Dr. Ravinder Kaur. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly

cited.

INTRODUCTION

As one of the virulence factors of UPEC is production of the
biofilms, it remains was protected within the bacterial

Urinary tract infection caused by uropathogenic Escherichia
coli (UPEC) strains is one of the most important infections in
the world. The UPEC strains harbor many genes that encode
various virulence factors, which contribute to enhanced
pathogenicity. '

Once inside the urinary tract, UPEC preferentially colonizes
the bladder and causes cystitis, but can also ascend through the
ureters into the kidneys, causing pyelonephritis. 2

The UPEC strains have virulence factors like production of
biofilms, deploying toxins- hemolysin and production of
various antimicrobial resistance genes. This investigation is
aimed to determine the prevalence and correlation of
phenotypic virulence traits and antibiotic resistance profile
among the UPEC isolated from UTIs.

*Corresponding author: Dr. Ravinder Kaur
Director Professor & Head Department of Microbiology, Lady
Hardinge Medical College

extracellular matrix, thus making the antimicrobial agents
ineffective in eradicating the infection. * Bio films are the
microbial communities of the surface-attached cells which are
embedded in a self-produced extracellular polymeric matrix
and have been associated with device associated infections. *

Extended-spectrum beta-lactamases-producing UPEC strains,
which are increasing in prevalence world- wide, have an
appreciable deleterious impact on the clinical management of
UTI. The purpose of this study was to evaluate the presence of
different phenotypic virulence markers in UPEC isolates and
determine their correlation with antibiotic resistance pattern.’

MATERIALS AND METHODS

Selection of the Isolates: A prospective analytical study was
done in a Tertiary Care Hospital in North India over a period
of 5 months (March to July 2018). Clean catch midstream
urine sample was collected in a sterile container from patients
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aged between 15 to 65 years, presenting with symptoms of
UTI. A modified semi-quantitative technique was employed
(standard wire loop method) and a standard bacteriological
loopful of urine (0.01ml) was inoculated over the surface of
Cystine Lactose Electrolyte Deficient (CLED) agar plate. The
plates were then incubated at 37 °C for 18-24 hours. Single
species count of more than 10° organisms per ml of urine was
considered as significant. The identification of the isolates was
done on the basis of the colony morphology, gram staining and
the standard biochemical tests as per standard techniques.”

A total of 100 consecutive non-repetitive E. coli strains were
isolated from specimens that showed significant bacteuria and
these strains were subjected to biofilm production test and
hemolysis.

Phenotypic Detection of Virulence Factors
Detection of the Biofilm Formation

The detection of the biofilms was done by two methods - tube
adherence method and the Congo Red agar method.

Tube adherence method: The test strains were inoculated into
glass tubes which contained Brain Heart Infusion Broth (broth)
and incubated this suspension aerobically at a temperature of
35°C for 48 hours. The supernatants were discarded and the
glass tubes were stained with a 4% crystal violet solution,
washed with distilled water 3 times and dried. A positive result
was defined as the presence of a layer of the stained material
which adhered to the inner wall and bottom of the tubes. The
exclusive observation of a stained ring at the liquid-air
interface was considered as negative. The investigation of the
biofilm production was done on the basis of the adherence of
the biofilms to borosilicate test tubes, as was done by
Christensen ef al. (1982)

Congo Red agar method: The test strains were inoculated into
plate which contained a specially prepared solid medium-
Brain Heart Infusion broth (BHI) which was supplemented
with 5% sucrose and Congo Red. The medium was composed
of BHI (37gms/l), sucrose (50 gms/l), agar No.l (10 gms/l)
and the Congo Red stain (0.8 gms/l). Congo red was prepared
as concentrated aqueous solution and autoclaved at 121°C for
15 minutes, separately from other medium constituents and
was then added when the agar had cooled to 55°C. Plates were
inoculated and incubated aerobically for 24 to 48 hours at
37°C. Positive result was indicated by black colonies with a
dry crystalline consistency, non biofilm producing strains
developed red colonies. The investigation of the biofilm
production by the Congo Red agar method was proposed by
Freeman e al. (1989). *

Hemolysin production: The ability of the UPEC isolates to
induce hemolysis on blood agar was evaluated to detect the
isolates that were hemolysin producer. The bacteria were
inoculated into 5% sheep blood agar and incubated overnight
at 37 C. Hemolysin production was detected by the presence of
a complete clear zone of haemolysis around the colonies.

Antibiotic susceptibility testing:  Antibiotic susceptibility
testing was done using Kirby Bauer disc diffusion method as
per CLSI guidelines.9 The bacterial suspension was made by
inoculating 4-5 isolated identical colonies in peptone water.
The peptone water was then incubated at 37 °C for 2 hours.
After 2 hours of incubation, the turbidity was standardized by
using 0.5 Mc Farland standards. and inoculated plates were
incubated at 37 °C. Test organisms were streaked on Muller

Hinton agar plates using sterile swab. The appropriate
antibiotic disc was then placed firmly onto the surface of the
dried plates using sterile forceps, depending on whether the
test organism plated was a gram negative or gram-positive
organism. The 6 antibiotic discs per plate were placed and
plates were left at room temperature for one hour in order to
allow diffusion of the antibiotics from the disc into the
medium. The plates were then incubated at 37 C for 18-24
hours. The plates were read the next day, zone diameters were
noted and interpreted as per CLSI guidelines.’

The following antibiotics were used: Nitrofurantoin (300ug),
Amikacin (30ug), Cotrimoxazole (25ug), Gentamicin (10ug),
Norfloxacin (10ng), Ertapenem (10ng),
Pipercillin/Tazobactam (100/10ng), Aztreonam (30 pug),
Ceftazidime (30 pg), cefazolin (30pg), penicillin(10U),
Vancomycin (30 pg), Tetracycline (30 pg), Erythromycin
(15png), Chloramphenicol (ug), high level gentamicin (120pg),
linezolid (30 pg).

ESBL production: Phenotypic Confirmatory Test with
Combination Disc. For this test a disc of ceftazidime 30 pg
alone and a disc of ceftazidime plus clavulanic acid (30/10 pg)
were used as per CLSI guidelines. The discs were placed at
least 25 mm apart center to centre on a lawn culture of test
isolate on MHA plate and incubated overnight at 37°C .
Difference in zone diameters with and without clavulanic acid
was measured. Interpretation: An increase of greater than 5
mm in inhibition zone around combination disc of ceftazidime
plus clavulanic acid disc versus the inhibition zone diameter
around ceftazidime disc alone- confirms ESBL production.

RESULTS

Biofilm formation

In the current study, 65% strains were in vitro positive for the
biofilm production and 35% were negative for the biofilm
production. Biofilm production by both the Congo Red agar
method and the tube adherence method was seen in 52% of the
total isolates, whereas 35% of the strains were found to be
negative by both the methods. (Table 1)

Hemolysin production: According to our results, hemolysin
production was observed in 22% of the UPEC isolates. Of
these 22 isolates, 17 produced biofilms by either CRA or tube
adherence method. The remaining 78% isolates showed no
hemolysis.

Antimicrobial resistance profile of UPEC

Antimicrobial susceptibility testing showed that overall among
the 100 UPEC isolates, majority of the isolates were resistant
to cotrimoxazole and norfloxacin. The susceptibility pattern
has been depicted in Figure 1.

Table 1 Comparison of Congo red agar and Christensen tube
adherence method

No.of  Congo red agar Tube adherence
isolates method method

52 + +

7 + -

6 - +

35 - -
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Figure 1 Antimicrobial susceptibility pattern of the 100 UPEC isolates in the
study

The comparison of antimicrobial resistance pattern between
the biofilm and non biofilm producing E. coli is shown in
Table 2 and Figure 2. Both biofilm producer and non- biofilm
producer were highly resistant to norfloxacin and
trimethoprim-sulphamethoxazole. All the biofilm forming
strains showed maximum resistance to norfloxacin (88%) co-
trimoxazole (85%), and amikacin (70%) followed by
cephotaxime (68%), ceftazidime (62%), However, resistance
was comparatively higher among biofilm producer than non-
biofilm producers in case of the following antibiotics- such as
co-trimoxazole (85% vs. 59%), norfloxacin (88% vs. 60%) and
nitrofurantoin (52% vs. 22%) and cephotaxime (68% vs 41%).

Table 2 Comparison of Antimicrobial susceptibility among Biofilm
producers and non-biofilm producers

Congo red agar Tube adherence

No. of isolates

method method

52 + +

7 + -

6 - +

35 - -
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Figure 2 Comparison of antimicrobial susceptibility among Biofilm producers
vs Non-biofilm producers

Double disc synergy test (DDST) showed that 28 UPEC
isolates were positive for ESBL production. Out of these 28,
twenty two UPEC were biofilm producers.

DISCUSSION

In the current study, 65% strains were in vitro positive for the
biofilm production and 35% were negative for the biofilm
production. Similar similar rate of the biofilm production were
reported by a study done in 2009 Rohtak (67.5%), 2012 in
Pondicherry (60%) and in 2017 Chattisgarh (58.3%). '**!!

Slightly higher rates of biofilm production 70.3% and 72%
were reported by authors from Tamil Nadu (2012) and
Canadian authors (1992).'*" Higher rates of biofilm producers
80% and 92% have been reported by few authors from South
India (2013 and 2007 )'*!3

Resistance to cotrimoxazole was higher in biofilm producers
(85%) as compared to non biofilm producers (59%). Study
done in Thailand® in 2015 was in agreement- biofilm
formation in the cotrimoxazole resistant group was
significantly higher than the cotrimoxazole sensitive group.

Our study showed that, resistance to all drugs were found more
in biofilm producers than in biofilm non producers which was
in agreement with study done by authors in Bangladesh
(2014), Pondicherry (2012) and Chattisgarh (2017) '®'7'!,
Overall resistance to norfloxacin and cotrimoxazole was
highest in both groups, which could be because these were the
most commonly prescribed antibiotics for UTI in the hospital,
whereas the uropathogens showed the highest sensitivity to
carbapenems. Similar finding was reported by other authors.'”

According to the results in the present study beta hemolysin
production was observed in 22% of the UPEC isolates, which
was in agreement with study done in Iraq in 2016."® The
present study showed that hemolysin production by isolates
was associated with a higher ability to form biofilm. This was
in agreement with the study done in Iran (2015) Pand Spain
(2007) *whereas contrary to observations of study done by
Marhova et al in Bulgaria (2009) ?l'in the present study, 78.5
% of ESBL producing isolates demonstrated biofilm
production. This finding was similar to study done in
Uttarakhand® in 2012 that reported 81.5% of biofilm
producers expressed ESBL among all of the gram negative
bacteria whereas the rate was 100% in case of E.coli in the
present study.

In the present study, two different methods were carried out
for the detection of the biofilm production - Congo red agar
method and Tube adherence method. Detection of the biofilm
production by the Congo Red agar method and the tube
adherence method were (59%) and (58%) respectively, in
agreement with study done in 2012 in Pondicherry by
Niveditha et al *. Both the methods which were based on the
principle of enhancement of the exopolysaccharide production
by using some enriched medium, like TSB, in case of the
Christensen method ’, while the Congo Red agar method
requires additional use of a highly nutritious medium- for
example, the brain heart infusion broth with a 5% sucrose.
Authors from Towa, US* (1988) showed that the Congo Red
method was rapid, more sensitive, and reproducible and that it
had the advantage of the colonies remaining viable on the
medium. On the contrary studies done in Pakistan® in 2011
and an Indian study done in Chattisgarh'' in 2017 found that
tube method is more reliable than congo red agar method. In
the present study, however, both congo red agar method and
Tube adherence method were were found to be equally
reliable.

There is an association between biofilm production with
persistent CAUTI and antibiotic therapy failure. Hence
identification of infection caused by biofilm producing
organisms might help to modify the antibiotic therapy and
prevent infection. !
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CONCLUSION

The incidence of device-associated infections caused by
multidrug resistant isolates, predominantly forming biofilm,
has increased in the past decade. The biofilm helps the UPEC
isolates in their pathogenicity and virulence. The tube method
is an effective screening method to test biofilm production,
where sophisticated electron microscopy facilities are not
available. The varying resistance pattern of organisms isolated
in our setup, emphasizes the importance of studying the pattern
of infection in every setting and providing antibiotic guidelines
in the management of such infections.

References

1.

11.

Terlizzi ME, Gribaudo G, Maffei ME.
UroPathogenic Escherichia coli (UPEC) Infections:
Virulence Factors, Bladder Responses, Antibiotic, and
Non- antibiotic Antimicrobial Strategies. Front Microbiol.
2017; 8:1566. Published 2017 Aug 15.
doi:10.3389/fmicb.2017.01566

Hickling DR, Sun TT, Wu XR. Anatomy and Physiology of
the Urinary Tract: Relation to Host Defense and Microbial
Infection. Microbiol Spectr.
2015;3(4):10.1128/microbiolspec. UTI-0016-2012.
doi:10.1128/microbiolspec. UTI-0016-2012

N. Smanthong, R. Tavichakorntrakool, P. Saisud, V. Prason
gwatana, P. Sribenjalux, A. Lulitanond et al. Biofilm
formation in trimethoprim/ sulfamethoxazole-susceptible
and trimethoprim/sulfamethoxazole-resistant uropathogenic
escherichia coli A4sian Pac. J. Trop. Biomed, 5 (2015),
pp. 485-487

Niveditha S, Pramodhini S, Umadevi S, Kumar S, Stephen
S. The Isolation and the Biofilm Formation of
Uropathogens in the Patients with Catheter Associated
Urinary Tract Infections (UTIs).J Clin Diagn Res.
2012;6(9):1478-1482. doi:10.7860/JCDR/2012/4367.2537
Picozzi SC, Casellato S, Rossini M, et al. Extended-
spectrum beta-lactamase-positive Escherichia coli causing
complicated upper urinary tract infection: Urologist should
act in time. Urol Ann. 2014;6(2):107-112.
doi:10.4103/0974-7796.130536

Koneman EW, Allen SD, Janda WM, Schreckenberger PC,
Winn WC. Colour Atlas and Textbook of Diagnostic
Microbiology. 6th ed. Philadelphia: Lippincott; 1997.p.
171-566

Christensen GD, SimpsonWA, BismoAL, BeacheryEH.
The adherence of the slime-producing strains of
Staphylococcus epidermidis to smooth surfaces. Infect
immune 1982; 37: 318-26.

Freeman DJ, Falkiner FR, Keane CT. A new method for
the detection of the slime production by the coagulase
negative Staphylococci. J Clin Pathol 1989; 42: 872-74.
Clinical and Laboratory Standards Institute.
2018. Performance standards for antimicrobial
susceptibility testing; 27th informational supplement.
M100-S28. Clinical and Laboratory Standards Institute,
Wayne, PA.

. Sharma M, Aparna, Yadav S, Chaudhary U. The bio Im

production in the uropathogenic Escherichia coli. Indian J
Pathol Microbiol 2009; 52: 294.

11. Tomar R, Paviaya R, Ghosh S, Murthy R, Pradhan S,
Agrawal E. Biofilm production by uropathogens causing
catheter associated urinary tract infection. Int J Med Res
Rev 2017;5(07):710-716. doi:10.17511/ijmrr. 2017.107.09.

12.

16.

17.

18.

19.

20.

21.

22.

23.

24.

sk sk ki sk

22348

Ponnusamy P, Natarajan V, Sevanan M. The in vitro
biofilm formation by the uropathogenic Escherichia coli
and their antimicrobial susceptibility patterns. Asian Pac J
Trop Med. 2012; 5(3):210-13.

. Reid G, Charbonneau-Smith R, Lam D, Kang YS, Lacerte

M, Hayes KC. The bacterial bio Im formation in the urinary
bladder of spinal cord injured patients. Paraplegia. 1992;
30: 711-17.

. Pradeep Kumar SS, Easwer HV, Maya Nandkumar A.

Multiple drug resistant bacterial biofilms on implanted
catheters - a reservoir of infection. J Assoc Physicians
India. 2013 Oct; 61 (10): 702-7.

. Suman E, Jose J, Varghese S, Kotian MS. Study of biofilm

production in Escherichia coli causing urinary tract
infection. Indian J Med Microbiol 2007; 25:305-6.
Mahabubul Islam Majumder, Tarek Ahmed, Delwar
Hossain, Mohammad Ali, Belalul Islam and Nazmul Hasan
Chowdhury. Bacteriology and Antibiotic Sensitivity
Patterns of Urine and Biofilm in Patients with Indwelling
Urinary Catheter in a Tertiary Hospital in Bangladesh, J
Bacteriol Parasitol 2014, 5:3

S. Pramodhini,S. Niveditha, S. Umadevi, Shailesh Kumar,
and Selvaraj Stephen. Antibiotic resistance pattern of
biofilm forming uropathogens isolated from catheterized
patients in Pondichery, India. Australasian Medical Journal
AMJ 2012,5 (7) 344-348.

Tufaili AA, Manhal FS, Naecem AK. The correlation
between some pathogenicity associated virulence factor and
biofilm formation among uropathogenic Escherichia coli
isolates in Al Najaf Al-Ashraf province. 4/-Kufa University
Journal for Biology / VOL.8/ NO.2/ Year: 2016 Print
ISSN: 2073-8854 & Online ISSN: 2311-6544.

Tabasi M, Asadi Karam MR, Habibi M, Yekaninejad MS,
Bouzari S. Phenotypic Assays to Determine Virulence
Factors of Uropathogenic Escherichia coli (UPEC) Isolates
and their Correlation with Antibiotic Resistance
Pattern. Osong Public Health Res Perspect.
2015;6(4):261-268. doi:10.1016/j. phrp. 2015.08.002

Soto SM, Smithson A, Martinez JA, Horcajada JP, Mensa
J, Vila J. Biofilm formation in uropathogenic Escherichia
coli strains: relationship with prostatitis, urovirulence
factors and antimicrobial resistance. J Urol.
2007;177(1):365-368. doi:10.1016/ j.juro.2006.08.081
Marhova M, Kostadinova S, Stoicova S. (2009). Biofilm
forming  capabilitics of UPEC isolatess. BMC
Biotechnology. ;23: 616-20.

Singhai M, Malik A, Shahid M, Malik MA, Goyal R. A
study on device-related infections with special reference to
biofilm production and antibiotic resistance. J Glob Infect
Dis. 2012;4(4):193-198. doi:10.4103/0974-777X.103896
Pfaller MA, Davenport D, Bale M, Barret M, Koontz F,
Massanari R. The development of the quantitative micro-
test for detecting the slime production by the coagulase
negative Staphylococci. Eur J Clin Microbiol Infect Dis
1988; 7: 30-33.

Afreenish Hassan, Javaid Usman, Fatima Kaleem, Maria
Omair, Ali Khalid, Muhammad Igbal. Evaluation of
different detection methods of biofilm formation in the
clinical isolates, Braz J Infect Dis 2011;15 (4)



