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ABSTRACT

BACKGROUND

Urinary tract infections are some of the most common community-acquired as well
as nosocomial infections with E. coli being the most common pathogen. There is
increased antimicrobial resistance among bacteria worldwide. One of the
important mechanisms of resistance and virulence of bacteria is biofilm formation.
This study was conducted to find out the association between antibiotic resistance
pattern and biofilm formation in £ coli in non-catheterised patients of UTI in a
tertiary care hospital. We further wanted to determine the association between
the ability of £. colito form biofilm and their ability to produce extended-spectrum
beta-lactamases (ESBLSs) and carbapenemase in non-catheterised patients.

METHODS

Urine samples collected from 300 non-catheterised patients who had symptoms of
UTI were inoculated into MacConkey's agar and blood agar media. Then
identification and antibiotic susceptibility tests were done. Phenotypic detection of
ESBL production was done by double disc diffusion test and carbapenemase
production was done by mCIM (modified carbapenem inactivation method) and
eCIM (EDTA carbapenem inactivation method) tests according to Clinical and
Laboratory Standards Institute (CLSI) 2019 guideline. Biofilm detection was done
by Congo red agar (CRA) method.

RESULTS

Out of 78 isolates £. coli were the commonest (61.5 %) isolate. Out of 48 E. coli
isolates from non-catheterised UTI patients, 26 (54.1%) were biofilm producers.
Antibiotic sensitivity pattern among the £. coli isolates showed the highest
susceptibility of the strains to amikacin, whereas the least susceptibility was for
amoxicillin. Out of 48 E. colj, 20 (41.6 %) were ESBL producers, 16 (33.33 %) £
coli were carbapenemase producers. Significant association was found between
ESBL and biofilm production. However, no statistical significance was found
between the association of carbapenemase production and biofilm formation.

CONCLUSIONS

Uropathogenic £. coliis not an uncommon pathogen for biofilm formation even in
non-catheterised patients. The antibiotic-resistance rate was higher among biofilm
producing £. coliisolates. The biofilm forming ability was found to be significantly
higher among ESBL producing strains but was not statistically significant for
carbapenemase producing strains of £. coli.
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BACKGROUND

Urinary tract infection (UTI) means an infection affecting any
part of urinary tract, namely, the kidneys, the ureters, the
urinary bladder or the urethra in singularity or in generalised
pattern. UTI can present with fever, dysuria, urgency to
urinate, frequent urination, incontinence, abdominal pain
and suprapubic tenderness. It is the most common cause of
both community-acquired and nosocomial infection,
affecting all age group.l2 Every year there are almost 150
million reported cases that occur worldwide.?> Common
uropathogenic organisms include Escherichia col, Klebsiella
pneumoniae, Pseudomonas aeruginosa, proteus species and
some other gram-negative and gram-positive bacteria.*>
Among them E£. coli ranks as the most common pathogen.
Escherichia coli is responsible for 90 % of community
acquired and 50 % of hospital acquired UTI.®

The non-judicious use of antibiotics has resulted in the
global emergence and propagation of antibiotic resistance
among bacteria.” According to WHO, antibiotic resistance is
a global public health threat which humanity is facing now.
The worldwide emergence of extended spectrum beta-
lactamase (ESBL) and carbapenemase producing bacteria
pose treatment problems resulting in high morbidity and
mortality with increased health care costs.®

An intrinsic mechanism of bacterial resistance is biofilm
formation which gives rise to chronic and recurrent
infections.® Biofilm formation and its regulation is mediated
by quorum sensing. Biofilms are essentially an assembly of
microbial cells formed by certain bacterial species that on
being associated with a surface can get enclosed in a matrix
of polysaccharide and protein material.’? Biofilm gives a
number of advantages to the bacteria such as protection
from antimicrobial agents, exchange of nutrients and
exchange of genetic material.!! Biofilm producing organisms
are more resistant to antibiotic therapy.? In many studies it
has been irrefutably shown that biofilm producing organisms
are responsible for relapse and reinfection.31* This
ultimately increases the hospital burden, health care costs
as well as higher morbidity and mortality of patients. A lot of
studies have been done on biofilm formation by £. co/iin
catheterised patients but only a few works are there on
biofilm formation by £. coliin non-catheterised patients. So,
in this study we tried to focus on biofilm formation in non-
catheterised patients.

This study was conducted to find out the association
between antibiotic resistance pattern and biofilm formation
in £. coliin non-catheterised patient of UTI in a tertiary care
hospital and also to determine the association between the
ability of £. colito form biofilm and their capacity to produce
extended-spectrum beta-lactamases (ESBLs) and
carbapenemase in non-catheterised patients.

METHODS

The study conducted was cross-sectional by design and took
place in the Microbiology Department of a tertiary care
hospital, Kolkata for a period of two months from 1st
February to 31st March 2019. As advised by institute ethics
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committee, ethical clearance was not required for this study,
though consent was taken from all subjects included in this
study. On the basis of an earlier study by Dash D et al. in
the year 2018 who found the prevalence of biofilm formation
in £ coli in non-catheterised patient to be 30 %,!> we
calculated the sample size by using the formula:

Zo* pq/ L?

Where Z, = 1.96 at 95 % confidence interval, p = 0.3, q
= (1-p) = 0.7, L = allowable error i.e., 20 % of p. We found
the sample size to be 224 by calculating with this formula.
Assuming 20 % nonresponse rate final sample size was 268
(approximately). This was rounded to 300.

Inclusion Criteria

Non-catheterised patients from outpatient department
(OPD) and inpatient department (IPD) of all age groups and
both sexes who had symptoms suggestive of UTI were
included in the study. A total of 300 patients were included
as per these criteria. We excluded all catheterised patients
from the study.

Sample Collection and Processing

The urine sample collected from the 300 patients was
‘midstream clean catch’ in nature and sterile containers were
used for the purpose. Urinary tract infection (UTI) was
considered to be present if Gram'’s staining of ‘uncentrifuged’
urine sample showed the presence of a single bacterium per
oil immersion field or a ‘centrifuged’ urine sample showed
the presence of > 5 white blood cells (WBCs) per high power
field. Symptoms of UTI such as fever, dysuria, urgency,
frequency, incontinence, abdominal pain and suprapubic
tenderness if present was also noted. Urine samples were
inoculated into both blood agar media as well as
MacConkey’s agar media and then subjected to overnight
aerobic incubation at 37° C. Colony count was done semi-
quantitatively followed by identification of the isolates on the
basis of their colony morphology, Gram’s staining
characteristic and results of standard biochemical tests.

Picture 1.
ESBL Detection by Double-
Disc Diffusion Test

Antibiotic susceptibility testing was done according to the
CLSI 2019 guidelines by using the Kirby—Bauer disk-diffusion
method. The following antibiotic discs were used in our
study — amoxicillin (20 pg), ceftazidime (30 pg), ceftazidime-
clavulanic acid (30 / 10 pg), ceftriaxone (10 pg),
nitrofurantoin (300 pg), ciprofloxacin (5 pg), norfloxacin (5
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Hg), amikacin (30 pg), gentamicin (10 pg), ertapenem (10
Hg) and imipenem (10 pg). £. coli ATCC 25922 was used as
control strains for antibiotic sensitivity testing.

Phenotypic detection of ESBL and carbapenemase: ESBL
detection was done by double disc-diffusion test according
to CLSI 2019 guideline. ESBL production was considered to
be positive if there was an increase in the zone diameter of
> 5 mm between ceftazidime (30 pg) and ceftazidime-
clavulanate (30 / 10 ug) discs.

E. coli which showed resistance to one or more
carbapenem group of drugs particularly ertapenem
underwent mCIM (modified carbapenem inactivation
method) and eCIM (EDTA carbapenem inactivation method)
tests for confirmation of carbapenemase production
according to CLSI 2019 guideline.

Biofilm detection: There are various methods of
detection of biofilm like tube adherence method, Congo red
agar method and tissue culture plate method. Among them
the Congo red agar (CRA) method was used in our study for
detection of biofilm production. It is a screening method
which is simple to perform and gives proper qualitative data
pertaining to detection of biofilm production. The chief
ingredients used for preparation of the Congo red agar
(CRA) were brain-heart infusion broth (BHI) (37 g/I) with
supplementation of sucrose (50 g/l), agar No 1 (10g/I) and
the Congo red dye (0.8 g/lI). The CRA plates were then
inoculated with the test organisms followed by their aerobic
incubation at 37° C for the next 24 hours.!! For
interpretation, the following colour scale was used:

Colour Interpretation
Black, dry and crystalline colonies Biofilm producer
Red or pink or Bordeaux colonies Biofilm non-producer
Dark colonies without the dry and crystalline morphology Indeterminate

Picture 2.

Detection of Biofilm
Production by Congo
Red Agar Method

e AR . - e )

Statistical analysis was done by Excel spread sheet and
Open Epi platform. To find out antibiotic resistance pattern
and biofilm production Fisher’s exact test and chi-square test
was used. A P value < 0.05 was considered to be statistically
significant.

RESULTS

In our study, out of 78 isolated organisms from non-
catheterised patients, 90 % were gram negative and only 10
% were gram positive. Out of 78 isolates, £. coli were the
commonest (61.5%) followed by klebsiella (15.3%), proteus
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(5%), pseudomonas (3%), acinetobacter (3%), S. aureus
(2.6%), S. epidermidis (2.6%) and enterococcus (4%).

A total of 48 E. coli isolates were obtained from non-
catheterised UTI patients. Among them 26 (54.1%) were
biofilm producer. Of the 48 £ coli isolates, highest
susceptibility from among the strains was noted for amikacin
followed by imipenem and nitrofurantoin. Similarly, lowest
number of the strains were susceptible to amoxicillin,
norfloxacin and ciprofloxacin (Figure: 1).
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Figure 1. Susceptibility Pattern of E. coli
Isolated from Non-Catheterised UTI Patients (N = 48)
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Table 1. Antimicrobial-Resistance Patterns between Biofilm
and Non-Biofilm Producer Bacterial Isolates from
Non-Catheterised UTI Patients

The association between biofilm production and
antibiotic resistance was found to be statistically significant
(p < 0.05) for most of the antibiotics (amoxicillin,
ceftazidime, ceftazidime-clavulanic acid, ceftriaxone,
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ciprofloxacin, norfloxacin and gentamicin) but the same was
not found to be significant in case of nitrofurantoin,
amikacin, ertapenem and imipenem (Table: 1).

Biofilm Biofilm Non-
ESBL Status Total
Producer producer
ESBL Producer 18 (90 %) 2 (10 %) 20 (41.6 %)
ESBL Non-producer 8 (28.5 %) 20(71.4 %) 28 (58.33 %)

Total 26 (54.1 %) 22 (45.8 %) 48
Table 2. Association between ESBL
Production and Biofilm Production
IYates’ corrected chi square =15.34; p value = 0.00008957

Among 16 (33.33%) carbapenemase producer, 10
(62.5%) were biofilm producer and 6 (37.5%) were biofilm
bon-producer whereas out of 32 (66.66%) carbapenemase
non-producer 50% were biofilm producer and 50% were
biofilm non-producer (Table 3).

Carbapenemase Biofilm Biofilm Non-

Status Producer producer L
Carbapenemase Producer 10 (62.5 %) 6 (37.5 %) 16
Carbapenemase Non-producer 16 (50 %) 16 (50 %) 32
Total 26 (54.1%) 22 (45.8%) 48

Table 3. Association between Carbapenemase
Production and Biofilm Production

IYates corrected chi square=0.2622;  p value =0.6086

DISCUSSION

In our study, 78 organisms were isolated from non-
catheterised patients. Among them 90 % were gram
negative and only 10 % were gram positive. Out of 78
isolates E. coli were the commonest (61.5 %) isolates like
other studies.!?

Out of 48 E. coli isolates, 26 (54.1 %) were biofilm
producer. Our finding is similar to findings by Verma S et al.
and Nivedita et al.!2 but not similar to the finding by Ruchi
T et al. who found only 27 % biofilm producing £. co/i.'* Our
finding is also much higher than the finding of Dash D et al.
who had found only 30 % biofilm production in case of non-
catheterised patients.t®

Out of total 48 E. coliisolates, the highest susceptibility
was noted for amikacin followed by imipenem and
nitrofurantoin. Similarly, lowest number of the strains were
susceptible to amoxicillin, norfloxacin and ciprofloxacin (Fig:
1) which is very similar to the findings of Tadepalli S et al.1®
Another study by Dash D et al. showed that 77.3 % biofilm
producing £. coli were susceptible to Imipenem and 100 %
non-biofilm producing £. coli were susceptible to imipenem
but in our study out of 22 non-biofilm producing £. colj, 4
(18%) isolates were imipenem resistant.!>

The association between biofilm production and
antibiotic resistance was found to be statistically significant
(p < 0.05) for most of the antibiotics (amoxicillin,
ceftazidime, ceftazidime-clavulanic acid, ceftriaxone,
ciprofloxacin, norfloxacin and gentamicin), but the same
wasn't found to be significant in case of nitrofurantoin,
amikacin, ertapenem and imipenem (Table: 1). Our finding
is very similar to the studies by Neupane S et al. except few
antibiotics like amoxicillin, ciprofloxacin and norfloxacin.
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Among 48 E. coli isolates, 20 (41.6 %) were ESBL
producer (Table 2) comparable to the findings of Neupane S
et al. and Dhamru R et al.17:18 Whereas 16 (33.33 %) E. coli
were carbapenemase producers (Table 3) which is quite
higher than observations of Dhamru R et al.18

Among 20 ESBL producers, 18 (90 %) were biofilm
producers and 2 (10 %) were biofilm non-producers
whereas out of 28 ESBL non-producers, only 8 (28.5 %)
were biofilm producers and 20 (71.4 %) were biofilm non-
producers (Table 2). Significant association was found
between ESBL production and biofilm formation (chi-square
statistic was 15.3447; the P-value was 0.00008957,
significant at p < .05). Significant association also was found
by Neupane S et al. but not by Dhamru R et al.17:18

Conversely, the association between carbapenemase
production and biofilm formation was not statistically
significant (The chi-square statistic was 0.2622; the P-value
was 0.608587, not significant at p < .05) which was not
similar to the observations of Dhamru R et al.'® Among 16
(33.33 %) carbapenemase producers, 62.5 % were biofilm
producers and out of 32 (66.66 %) non-carbapenemase
producers, 50 % were biofilm producer (Table 3).

CONCLUSIONS

From our study we can conclude that biofilm production by
uropathogenic £. coli is not an uncommon phenomenon
nowadays in non-catheterised patients. The antibiotic-
resistance rate was higher among biofilm producing £. coli
isolates and the spectrum of resistance covered almost all
the antimicrobial agents except a few. The ability to form
biofilm was significantly higher among ESBL producing
strains of £ coli compared to other strains. The
carbapenemase producing £. coli also showed greater
propensity to produce biofilms figuratively but statistically
the difference was not significant. This observation could be
a consequence of the small number of carbapenemase
producing £. colithat was part of the study.

This study emphasizes that biofilm production has
enhancing effects on expression of many complex
mechanisms of multidrug resistance. Biofilm producing
bacteria can form the same not only within indwelling
catheters, but also within the human urinary tract itself
leading to failure of antimicrobial therapy, persistence and
chronicity of the ongoing infection and further development
of life-threatening sequelae and complications ultimately
adding to the disease burden and even mortality in few
cases harboring additional comorbidities. Emergence,
survival and propagation of multi drug resistant superbugs
within organized biofilm still remains a large-scale threat to
the ignorant humanity. Proper antimicrobial supervision and
strict antibiogram guided therapy must be followed.

Data sharing statement provided by the authors is available with the
full text of this article at jebmh.com.

Financial or other competing interests: None.

Disclosure forms provided by the authors are available with the full
text of this article at jebmh.com.

Page 545



Jebmh.com

REFERENCES

[1] Verma S, Patil SS. In vitro biofilm formation by
uropathogenic bacteria and their antibiotic susceptibility
pattern. J Krishna Institute Medical Sciences University
2016;5(3):61-67.

[2] Nivedita S, Pramodhini S, Umadevi S, et al. 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.

[3] Gupta K, Hooton TM, Stamm WE. Increasing
antimicrobial resistance and the management of
uncomplicated community acquired urinary tract
infections. Int J Antimicrob 2001;135(1):41-50.

[4] Mahmoud N, Abdallah A, Elsayed SB, et al. Biofilm
forming bacteria isolated from UTI, relation to
catheterization and susceptibility to antibiotics.
International Journal of Biotechnology and Molecular
Biology Research 2011;2(10):172-178.

[5] Salih MT, Al-Ani NF. Microbiological aspects in biofilm
produced by some uropathogens isolated from patients
with indwelling bladder catheters. Rafidain Journal of
Science 2013;24(1):1-16.

[6] Jhonson JR. Virulence factors in Escherichia coli urinary
tract infection. Clin Microbiol Rev 1991;4(1):80-128.

[7] Goldstein FW. Antibiotic susceptibility of bacterial
strains isolated from patients with community-acquired
urinary tract infections in France. Multicentre Study
Group. Eur J Clin Microbiol Infect Dis 2000;19(2):112-
117.

[8] Schwaber MJ, Carmeli Y. Mortality and delay in effective
therapy associated with extended-spectrum -lactamase
production in Enterobacteriaceae bacteraemia: a
systemic review and meta-analysis. J Antimicrob
Chemother 2007;60:913-920.

[9] Panda PS, Chaudhary U, Dube SK. Study of biofilm
production and antimicrobial sensitivity pattern of
uropathogens in a tertiary care hospital in North India.
Int J Community Med Public Health 2016;3(9):2421-
2426.

[10]Prakash B, Veeregowda BM, Krishnappa G. Biofilms: a
survival strategy of bacteria. Current Science
2003;85(9):1299-1307.

J Evid Based Med Healthc, pISSN - 2349-2562, eISSN - 2349-2570 / Vol. 8 / Issue 10 / Mar. 08, 2021

Original Research Article

[11]Ruchi T, Sujata B, Anuradha D. Comparison of
phenotypic methods for the detection of biofilm
production in uro-pathogens in a tertiary care hospital
in India. Int J Curr Microbiol App Sci 2015;4(9):840-849.

[12]Karigoudar RM, Karigoudar MH, Wavare SM, et al.
Detection of biofilm among uropathogenic Escherichia
coli and its correlation with antibiotic resistance pattern.
J Lab Physicians 2019;11(1):17-22.

[13] Soto SM, Smithson A, Horcajada JP, et al. Implication of
biofilm formation in the persistence of urinary tract
infection caused by uropathogenic Escherichia coli.
Clinical Microbiology and Infection 2006;12(10):1034-
1036.

[14]Finer G, Landau D. Pathogenesis of urinary tract
infections with normal female anatomy. The Lancet
Infectious Diseases 2004;4(10):631-635.

[15]Dash D, Sarangi G, Patro P, et al. Study of biofilm
production in Escherichia coli causing urinary tract
infection and its correlation with antimicrobial
resistance. J Acad Clin Microbiol 2018;20(2):88-91.

[16] Tadepalli S, Prudhivi S, Myneni RB. Biofilm formation in
uropathogenic Escherichia coli isolates and its
association with extended spectrum beta lactamase
production and drug resistance. Saudi J Pathol Microbiol
2016;1(2):60-64.

[17]Neupane S, Pant ND, Khatiwada S, et al. Correlation
between biofilm formation and resistance toward
different commonly used antibiotics along with
extended spectrum beta lactamase production in
uropathogenic Escherichia coli isolated from the
patients suspected of urinary tract infections visiting
Shree Birendra Hospital, Chhauni, Kathmandu, Nepal.
Antimicrobial Resistance and Infection Control
2016;5:5.

[18]Dumaru R, Baral R, Shrestha LB. Study of biofilm
formation and antibiotic resistance pattern of

gram-negative Bacilli among the clinical isolates at

BPKIHS, Dharan. BMC Res Notes 2019;12(1):38.
https://doi.org/10.1186/s13104-019-4084-8.

Page 546


https://doi.org/10.1186/s13104-019-4084-8

