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Abstract

Objectives: To investigate the prevalence and antibiotic resistance pattern of biofilm-forming
Uropathogenic Escherichia coli (UPEC) from urine samples isolated from UTI infected patients of
Koshi zonal hospital, Biratnagar.

Methods: A total of 51 urine samples from urinary tract infected patients were collected from Koshi
zonal hospital, Biratnagar in the period of July to August 2017. Following the isolation and
identification of biofilm-forming uropathogenic Escherichia coli, antibiotic susceptibility test was
performed by a modified Kirby-Bauer disc diffusion technique. The biofilm detection was done by
Congo red agar method.

Results: In the present study, 45% of the urine samples showed a predominant growth of E. coli,
among which 70% of isolates exhibited positive biofilm formation. Biofilm forming isolates revealed
100%, 87.5%, 75%, 63% and 12.5% resistant to erythromycin, amoxicillin, cefotaxime, levofloxacin,
and nitrofurantoin respectively. Approximately 87.5% of biofilm-forming isolates were found multi-
drug resistant.

Conclusion: The study revealed the major issue of UTI by E. coli which may be due to poor
sanitation, not the proper cleanliness of genitals and unsafe sexual intercourse. Nitrofurantoin and
levofloxacin were examined the most effective antibiotics for UPEC.
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1. Introduction

Urinary tract infections have become a major public health concern in the medical science and
represent one of the most common infectious disease ranking next to upper respiratory tract infection.
They contribute to the nosocomial infection in many hospitals and account for approximately 35% of
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all hospital-acquired infections [1]. Unhygienic sexual intercourse and not washing the genitals
properly have made the urinary tract infection prevalence in the urban areas of Nepal. Infection by
uropathogenic Escherichia coli has made a worldwide problem mostly affecting the women in both
developed and underdeveloped countries [2]. It is the most important pathogen associated with UTI
and the primary etiological agent among both outpatients and inpatients. Common pathogens that
have been implicated in UTIs are primarily gram-negative organisms with E. coli having a more
prevalence than others including K. preumoniae, Enterobacter spp., P. mirabilis, P. aeruginosa and
Citrobacter spp. The organism is therefore of clinical importance and can be isolated from various
clinical specimens [3, 4]. It is one of the organisms most frequently isolated from urine. In addition to
urinary tract infection, E. coli is the most frequent pathogen associated with intra-abdominal infection.
The biofilm forming UPEC has made much more difficulties in the eradication and elimination of the
urinary tract infection [5]. The resistance of bacteria to antimicrobials may pose a serious threat in
both developing and developed countries. Patients with infections by resistant organisms are at an
increased risk of treatment failure [6]. Bacterial biofilms generally provide a protective environment
for their constituent bacteria, shielding them from antibiotics and host immune effects, and it seems
quite likely that biofilms in the bladder may account for the recalcitrance of UPEC to treatment and
clearance from the urinary tract [7, 8].

In the present investigation, we aimed to detect the biofilm forming uropathogenic E. coli isolated
from UTIs infected patients of Koshi zonal hospital, Biratnagar and evaluated their antibiotic
susceptibility pattern. We have also examined the isolates that showed drug resistance.

2. Materials and Methods
2.1 Sample collection and processing

Urine samples were collected from Koshi zonal hospital, Biratnagar from July to August 2017. A total
of 51 freshly voided midstream urine samples (10-20 ml) were collected aseptically from UTI
suspected patients in the wide-mouthed sterile plastic vial. The collected urine samples were kept in
the icebox at 4 °C during transportation and analyzed in Microbiology Laboratory of Mahendra
Morang Adarsh Multiple Campus, Biratnagar, on the same day immediately after their delivery within
6 hours of collection.

2.2 Isolation and identification of E.coli from urine samples

0.1 pL of each urine sample received from the patients were spread on Eosine Methylene Blue (EMB)
agar by spread plate method for the growth of bacteria and the culture plates were incubated in an
inverted position at 37 °C under the aerobic condition for 24-48 hours [9]. After growth of organisms,
the pink greenish metallic sheen was inoculated on nutrient agar medium for each discrete colony
presented in the specimen to obtain well- isolated pure colonies incubated at 37 °C for 24 hours.
Isolated colonies were subjected to biochemical tests such as catalase, oxidase, MR, VP, urease,
citrate, indole, TSI to identify the E. coli based on the Bergey’s manual of determination of
bacteriology [10]. The Figure (4 a-d) presents isolation and identification of biofilm-forming UPEC
and AST pattern performed by E. coli.

2.3 Identification of biofilm-forming UPEC

The well identified E. coli were subjected to biofilm formation by Congo red agar method [11]. The
isolated colony was streaked on the Congo red agar (CRA) and incubated for 24 hours at 37 °C. After
the incubation, the biofilm forming UPEC showed black colonies with dry crystalline consistency.
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Red or pink colonies are considered as nonbiofilm producers and the pink colony with black centered
is considered as moderate biofilm producer [12].

2.4 AST pattern of biofilm-forming UPEC

Antibiotic susceptibility test of the biofilm forming UPEC towards various antimicrobial discs such as
Nitrofurantoin (300 mcg/disc), Levofloxacin (5 mcg/disc), Cefotaxime (30 mcg/disc), Erythromycin
(15 mcg/disc) and Amoxicillin (10 mcg/disc) was done by modified Kirby-Bauer disk diffusion
method on Mueller Hilton agar [13]. Organisms were classified as sensitive or resistant to an
antibiotic according to the diameter of the zone of inhibition surrounding each antibiotic disc based on
the Clinical and Laboratory Standards Institute guidelines [ 14]. Based on the sensitive pattern, isolates
resistant to three or more antibiotics were considered as multidrug-resistant bacteria.

3. Results

Fifty-one urine samples of urinary tract infected patients were processed, among which 15 (29.41%)
samples gave significant growth, 8 (15.69%) samples gave mixed growth and 7 (13.73%) samples
(Figure 1) gave non- significant growth while remaining samples showed no growth. E. coli was
found to be the most predominant isolate in 23 (45.09%) samples. The distribution of E. coli was
found to be the most frequent in age groups 13-55 years in both sexes i.e. 3 in male and 20 in the
female. The sex wise distribution (Figure 2) showed that females (86.97%) were more susceptible
than males (13.04%). Out of 51 samples, 23 samples showed the growth of E. coli which were
subjected to biofilm productions by Congo red agar method among which 16 (70%) isolates showed
the formation of biofilms [15]. All the biofilm producing UPEC were subjected to antibiotic
susceptibility test [16, 17] which showed maximum resistant towards erythromycin (100%) followed
by amoxicillin (87.5%), cefotaxime (75%), levofloxacin (63%) and nitrofurantoin (12.5%). Thus,
maximum susceptibility was shown by nitrofurantoin (87.5%) and the least effective drug was
erythromycin (0%). The bar graph analysis for antibiotic susceptibility pattern of biofilm-forming
UPEC is given in Figure 3 and the growth inhibition data is reported in Table 1.

Table 1: Antimicrobial susceptibility pattern of biofilm-forming UPEC (%).

Antibiotics Sensitive Resistant
Amoxicillin 12.5 87.5
Cefotaxime 25 75
Erythromycin 0 100
Levofloxacin 37 63
Nitrofurantoin 87.5 12.5

Multidrug resistance is defined as the resistance to more than three antibiotics or more. Taking
resistant to two or more classes of antibiotics as MDR, it was detected that 14 (87.5%) isolates were
resistant to more than three antibiotics. The MDR data for biofilm-forming UPEC is reported in Table
2.

4. Discussion

The antibiotic-resistant pathogens have resulted in an increment of health care cost worldwide. Not
only the resistant to antibiotics, the biofilm production by an organism has made it more difficult for
curing. The availability of antibiotics seems to be inadequate in the context of increasing resistant
problems. Antibiotic resistance is a common phenomenon in the developing country where antibiotics
are available freely without the prescription [18, 19]. The antibiotic susceptibility pattern varies
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among the hospitals and nations from one country to another and also depends upon the variation of
geographical regions. Therefore therapeutic success against UPEC depends upon the local
susceptibility profiles [20]. This study was done to screen the resistance pattern of antibiotics among
the biofilm producing uropathogenic Escherichia coli.

Fig. 1: Pie-chart distribution of bacteria. Fig. 2: Pie-chart distribution of E. coli according to sex.
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Fig. 3: Antibiotic susceptibility bar graph of biofilm-forming UPEC.

Table 2: Multidrug-resistant pattern of biofilm-forming UPEC

Bacterial No. of MDR Strain Total %
Isolates biofilm Odrug 1drug 2drug >2
isolates drug

E. coli 16 0 2 0 14 14 87.5%
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Fig. 4: (a) E. coli on eosin methylene blue (EMB) agar media. (b) Biofilm forming UPEC (high
growth).
(c) Biofilm forming UPEC (moderate growth) (d) AST of E. coli performed on MHA.

Biofilm formation is closely related with the resistance of UPEC towards the beta-lactam antibiotics;
amoxicillin and cefotaxime, and the macrolides; erythromycin. They are hardly effective
antimicrobial drugs and also increase the chronicity of urinary tract infection. The high resistance of
biofilms towards B-lactam antibiotics and macrolides may be due to restricted penetration of
antimicrobial agents into biofilms, nutrients limitation, gene expression in the stress response and
further, due to the more space in the biofilm rather than that of planktonic cells. The genetic
exchange takes place between the resistance and nonresistance strains and finally increase the
emergence of multidrug-resistant strains of UPEC [21-23]. Antibiotics resistance in biofilm forming
UPEC is further aided by the irrational exposure of several antibiotics without precise prescription
which is very common in the developing country like Nepal.

Our study was conducted among outpatients suspected of UTI, attending Koshi zonal hospital of
Biratnagar. In this research, the analytical data presented in the result section in response to the
growth of biofilm-forming E. coli are in good agreement with other investigators. In our study, 23
(45.09%) E. coli isolated from 8 significant and 7 mixed growth urine samples was found the
commonest organism isolated. Almost similar results were observed in the literature [24, 25] and E.
coli is considered as the predominant pathogen for biofilm-forming UPEC.

Uropathogenic E. coli was isolated most commonly from female patients compared to male patients.
The study showed that 87% female were susceptible to UTI in comparison to male 13%. The
increased rate of UTI in the female is due to anatomic factors, urodynamic disturbance, and hormonal
changes. Biofilm producing UPEC played a significant role in the antibiotic resistance and incurable
stages leading to high morbidity and mortality. Among 23 E. coli isolates, 16 (70%) isolates showed
biofilm formation dividing it into high, moderate and low biofilm formation. The results are in good
agreement with the literature [26-29].
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The investigation revealed that the biofilm forming UPEC were mostly resistant to erythromycin
(100%) followed by amoxicillin (86%) which resembles other studies [7,26,27,29]. On the basis of
our findings, antibiotic such as erythromycin and amoxicillin should be no longer recommended for
initial therapeutics for urinary tract infections caused by biofilm-forming UPEC.

Our study also showed that only 2 (12.5%) biofilm forming UPEC were resistant to Nitrofurantoin
which is similar to the findings of other researchers. In the context of Nepal, Nitrofurantoin is the best
antibiotic prescribed for the case of UTI and biofilm forming UPEC [7]. However resistant to
Quinolones and Fluoroquinolones has been increasing day by day. The major consequences being the
use of the antibiotics at the poultry and the resistant strain being transmitted from animal to the human
beings [30, 31].

5. Conclusion

In Nepalese context, the biofilm forming UPEC and the MDR strains of E. coli, being more
prevalence of urinary tract infection, are an alarming signal of health hazard which will be very
difficult to control in the future. In conclusion, the major issue of UTI infection is due to E. coli which
were about 45.09 %. The poor sanitary condition, lack of health education, careless in the cleanliness
of genitals and unsafe sexual intercourse are playing the leading role in UTI infection. According to
the antibiotic sensitivity test, nitrofurantoin and levofloxacin are the most effective antibiotics for the
treatment of UTI. Erythromycin and amoxicillin are not active against the UTI infections due to drug
resistance and these should not be used. The Biofilm forming capability of the UPEC poses a great
challenge to clinicians and microbiologist and therefore, the major focus should be on drug resistance,
so that we can minimize the mortality and morbidity.
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