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ABSTRACT

Introduction: Urinary tract infection (UTI) is the most common health care associated infection caused by
various pathogenic bacteria. Biofilms are communities of bacteria that are held together by exopolymeric
substances that protect against the antimicrobial therapy and other environmental assaults. The aim of this
study was to estimate the prevalence of biofilm forming bacteria in Nepalese population and to study the
emergence of antimicrobial resistance among biofilm producing bacteria in comparison to non-biofilm

producing bacteria.

Methods: A total of 785 clean-caught-mid-stream urine samples were collected. After isolation and
identification of uropathogens, they were further processed for detection of biofilm formation by two methods

(Congo Red Agar method and Tissue Culture Plate method) as well as for antibiotic sensitivity test.

Results: Out of total collected samples, 12.74% were found to be associated with UTI, among them 67% were
Escherichia coli, 10% were Klebsiella spp, 7% were Pseudomonas spp, 6% were Staphyloccous aureus, 4%
were Enterobacter spp, 3% were Proteus spp, 2% were Citrobacter spp and remaining 1% was
Staphylococcus saprophyticus. Among isolated organisms, the ratio of bioflim positive organism to bioflim
negative organism was found to be 9:11. Nitrofurantoin, Tobramycin, Chloramphenicol, Amikacin and
Imipenem were found to be significantly more sensitive in biofilm negative bacteria as compared to biofilm
positive bacteria with p values of 0.000, 0.001, 0.000, 0.000 and 0.001.

Conclusions: The prevalence rate of multidrug resistance in bacterial uropathogens was higher in biofilm
producers as compared to non-biofilm producers. Biofilm forming characteristic of bacteria make them more

resistant to antibiotics.
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INTRODUCTION

Urinary Tract Infections (UTIs) are very
challenging infectious diseases that are frequently
encountered in clinical practices.!:2 Basically the
infection caused by various pathogens in urinary
tract is defined as a UTL.! UTIs are most common
infections with its diverse clinical syndromes,
affecting humans throughout their life span
accounting for an estimated 25-40% of the
nosocomial infections.l.3 The continuous use of
indwelling devices such as catheters and urethral
stents or sphincters and long duration of
catheterisation significantly increases the risk of
developing UTIL.2#4 Although E. coli is considered
as a main etiological agent for UTI, P. mirabilis,
P aeruginosa, K. pneumonia and S. faecalis are
also isolated frequently from urine samples of UTI
patients and also considered as causative agents.>
The majority of acute UTI are uncomplicated and
can be easily cured by antibiotics, however,
frequent use of antibiotics increase the risk of
antimicrobial resistance.¢ Furthermore, highly
dense bacterial community develops on biofilm and
helps in protecting against the antimicrobial
exposure which facilitates the development of

antimicrobial resistance.”

Biofilm development starts with the adhesion of
free floating bacteria on any kind of surfaces.’
Initial adhesion might be reversible and can be
detached easily due to the environmental
alteration.” The growth of adhered bacterial
population further starts to proliferate and produce
exopolysaccharides and proteins, collectively called
an exopolymeric substance (EPS).® The EPS matrix
in the biofilm not only provide protection against
the antimicrobial agents but also preserve
nutrients.!0 The process of biofilm formation and
the impact on the development and clinical course
of infectious diseases is still lacking beyond our

conscience.!! Biofilms have major medical
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significance since they show high resistance
towards various antimicrobial agents by restricting
the diffusion of substances and binding of
antimicrobials. They also provide protection
against large molecules such as antimicrobial
proteins lysozyme and complement.!2 Additionally,
the proximity of cells within a biofilm can facilitate
plasmid exchange, that enhances the spreading of
antimicrobial resistance.!3 Bacteria communicate
with each other by a phenomenon called quorum
sensing in which production of chemotactic
particles or pheromones occurs within a biofilm.!4
The fact that biofilm bacteria are able to resist
higher antibiotic concentration, about 1,000 fold
than bacteria in suspension, has made it difficult in
eradicating chronic infections associated with

biofilm formation.!15.16

The antibiotics that are given to UTI patients might
only eradicate the planktonic bacteria but might not
have similar efficiency towards the biofilm forming
bacteria. In conventional laboratory testing
methods, microorganisms that are apparently
sensitive to antibiotics and antiseptics become fully
resistant in the biofilm mode, in vivo.!” This
treatment scenario in underdeveloped countries like
Nepal increases the ability of resistance in biofilm
environment which ultimately leads to re-infections
and re-occurrence of UTI with further
complications even after the completion of
antibiotic course of treatment. The resulting
limitations on the therapeutic options demand new
measures for the management of infections caused

by biofilm forming pathogens.

Despite having many patients with UTI caused by
biofilm positive organism in Nepal, there are very
limited studies done before. The aim of this study
was to estimate the prevalence of biofilm forming
bacteria in Nepalese population and to study the

emergence of antimicrobial resistance among
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biofilm producing bacteria in comparison to non-

biofilm producing bacteria.

METHODS

It was a hospital based prospective experimental
study conducted from 1st September, 2014 to 28t
February, 2015. A total of 785 Patients (344 male
and 441 female) were involved where Clean Catch
Mid-Stream Urine (CCMSU) samples (at least
5 ml) were collected from patients that were
suspected for UTI at Western Regional Hospital
and Western Regional Laboratory, Pokhara, Nepal.
Samples were transported to microbiology

laboratory of Pokhara University in ice pack.

All the samples were processed within two hours of
collection. Urine samples were aseptically
inoculated onto Cysteine-, Lactose-, and
Electrolyte-Deficient (CLED) media. Colony count
of more than 105 CFU/ml was considered

significant and further processed for identification.

The biofilm formation ability of all isolated
organisms was screened by using Congo Red Agar
method (CRA) and further evaluated by Tissue
Culture Plate method (TCP)!8.19 and was incubated
aerobically at 37°C for 24 hours in Congo red agar.
Dry black crystalline colonies were considered as
strong biofilm positive strains, darker colonies
without dry and crystalline structure were
considered as weak positive and the appearance of
pink colonies were realised to be biofilm negative
bacteria. The suspected biofilm forming strains
were further evaluated by TCP method.2° 200 pl of
bacterial suspension was inoculated in flat-
bottomed 96 well clear polystyrene tissue culture
treated microtiter plate with correspondence to 0.5
McFarland standard solution (with further 1:100
dilution). The contents of each well were decanted
and each well was washed three times with 300 pl
of sterile saline after 24 hours incubation at 37°C.

Further, biofilms were incubated at 60°C for 60
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min in incubator. The attached bacteria were heat-
fixed by exposing them to hot air followed by the
addition of 200 pl safranine (0.1%) stain to each
well and incubated for 30 minutes. Excess stain
was rinsed off by decantation, and the plates were
washed. Finally, 150 ul of 95% ethanol was added
and incubated at 4°C for 30 min, and the optical
density (OD) of the solution was measured at 570
nm using an enzyme linked immunosorbent assay
reader. The average OD values were calculated for
all tested strains and negative controls and a cut-off
value (ODc) was established. It is defined as a three
standard deviations (SD) above the mean OD of the

negative control:

For easier interpretation of the results, strains were

divided into following categories!6:
+ Non biofilm producer = OD < ODc
+ Weak biofilm producer = ODc<OD <2x0ODc,

» Moderate biofilm producer = 2x0ODc
<OD<4x0Dc

« Strong biofilm producer = 4xOD¢ <OD

Antibiotic sensitivity test was performed by Kirby
Bauer disk diffusion method.2! According to the
Clinical and Laboratory Standards Institute (CLSI)
guidelines; sensitive, intermediate and resistance to

each of the antibiotic discs were identified.

All the analysis of statistical data was done using
SPSS V17.0 software. Mean and Standard
Deviation is represented as Mean + S.D. p-value

less than 0.05 was considered to be significant.

RESULTS
A total of 785 patients, 344 males (43.8%) and 441

females (56.2%) were included in this study out of
which 100 were UTI patients. Out of 100 UTI
positive cases, 72 were females and 28 were males.
Among 100 isolated organisms a total of 45
organisms showed biofilm property represented in

Fig 1.
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Fig 1. Isolated organisms in urine sample

Among the isolated organisms, 43 negative, 27
weak positive and 30 strong positive strains were
detected by CRA method. Those 57 positive cases
from CRA method were further processed for TCP
method, which showed 12 negative, 28 weak

positive, 12 moderately positive and five strong
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positive. In conclusion, 45 were found to be biofilm
positive, and remaining 55 were biofilm negative as
shown in fig 2. Number of isolated biofilm forming
strains were cross analysed with age and gender of
the patients and presented in Table 1. Only 45 cases
had shown biofilm positive i.e. 34 (47.22% among
female) cases from female and 11 (39.29% among

male) cases from male. Age group between 20-39

Table 1. Distribution of isolated organisms
among different age group and gender

Fig 2. Results of different methods
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— Female  Towl

0-19 3 3 2 8 16
20-39 3 4 21 16 44
40-59 1 3 3 7 14
>59 4 7 8 7 26
Total 11 17 34 38 100
16
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Table 2. Antimicrobial susceptibility pattern among all isolated, biofilm positive and biofilm negative
uropathogens

Biofilm positive

Biofilm negative

isolates (%) isolates (%)

As a whole (%)

Antibiotics/mcg R I

Amikacin (AK)/30 15 6
Chloramphenicol (C)/30 10 7
Imipenem (IPM)/10 14 16
Tobramycin (TOB)/10 22 9
Nitrofurantoin (NIT)/300 28 13
Co-Trimoxazole (COT)/25 55 3
Ciprofloxacin (CIP)/5 54 12
Ceftriaxone (CTX)/30 61 17
Norfloxacin (NX)/10 60 7
Azithromycin (AZM)/15 75 14
Nalidixic Acid (NA)/30 85 5
Ampicillin (AMP)/10 100 0
Ceftazidime (CAZ)/30 100 0
Erythromycin (E)/15 97 3

years had highest prevalence rate of both UTIs and
biofilm positive cases i.e. seven UTIs with three
(6.67%) biofilm positive cases in males and 37
UTIs with 21 (46.67%) biofilm positive cases in
females. Age group of 40-59 years had lowest
prevalence rate of both UTIs and biofilm positive
cases ie. 10 UTIs with three (6.67%) biofilm
positive case in female and four UTIs with one

(2.22%) biofilm positive cases in male.

Antimicrobial susceptibility pattern among all
isolated biofilm positive and biofilm negative
uropathogens were evaluated and presented
in Table 2. Most sensitive drugs were
Chloramphenicol (83%), Amikacin (79%),
Imipenem (70%), and Tobramycin (69%) while
most resistant drugs were Ampicillin (100%),
Ceftazidime (100%), Erythromycin (97%) and

MJSBH Vol 18 Issue 1 Jan-Jun 2019

79
&3
70
69
59
42
34
22
33
11
10

R I S R I S
20 11 69 11 2 87
11 9 80 9 6 85
18 13 69 11 18 71
38 11 51 9 7 84
37 11 52 20 15 65
69 0 31 44 6 50
62 7 31 47 16 37
76 13 11 49 20 31
69 4 27 53 9 38
78 13 9 73 15 12
84 9 7 86 2 12

100 0 0 100 0 0

100 0 0 100 0 0
96 4 0 98 2 0

R, resistant; I, intermediate; S, sensitive

Nalidixic Acid (85%). Resistant number of
antibiotics of biofilm positive uropathogens is
higher than resistance number of biofilm negative
bacteria (for example: in amikacin, 20 vs 11)
whereas sensitive number of antibiotics of biofilm
negative uropathogen is higher than sensitive
number of biofilm positive uropathogens (for

example; in amikacin, 87 vs 69).

Further, data analysis of biofilm positive and
biofilm negative pathogens against their antibiotics
inhibition zone is shown in Table 3. Nitrofurantoin,
Tobramycin, Chloramphenicol, Amikacin and
Imipenem were found to be significantly more
sensitive in biofilm negative bacteria as compared
to biofilm positive bacteria with p values of 0.000,
0.001, 0.000, 0.000, and 0.001 respectively. This

significantly indicates that biofilm positive
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Table 3. Data analysis of biofilm positive and biofilm negative pathogens against their antibiotics
inhibition zone

Nitrofurantoin 24.19
Tobramycin 27.2
Chloramphenical 34.04
Amikacin 29.13
Imipenum 33.24

42.6 275 -3.705 0.000
44.07 356 -3.25 0.001
54.67 541.5 -3.74 0.000
56.18 366 -5 0.000
50.89 530.5 -3.24 0.001

uropathogens are relatively more resistant than
biofilm negative uropathogens, which implies that
biofilm producing properties of bacteria make them
more resistant towards antibiotics. Relatively
decreasing zone of inhibition of biofilm producing
bacteria in comparison to non-biofilm producers
indicates the flow of bacteria towards development

of resistance.

Antimicrobial resistant pattern of antibiotics was
evaluated on the basis of gender. The mean
resistance percentage of male and female is 58.41%
and 54.27% respectively. This indicates that the
males are relatively more resistant than females
(mean difference = 4.13%) (p = 0.000). The mean
sensitive percentage of males and females are
33.67% and 37.69% respectively, which indicates
that females are relatively more sensitive than

males (mean difference = 4.02%) (p = 0.000).

DISCUSSION

This study found prevalence rate of UTIs was
12.73% i.e. 100 out of total cases where male (28):
female (72) are in the ratio of 1:2.57. Female cases
were higher compared to male cases because of
short and close proximity of anus to urethra,
relatively high moisture and socio-economic
concerns.22 A study done by Abdallah et al. also
found male:female ratio of 1:1.94 which is
correlated with our study.? In our study, prevalence
of UTIs was higher among 20-39 year age group

(44%) of total isolates. This was in conclusion with
MJSBH Vol 18 Issue I Jan-Jun 2019

Beyene et al.'s study in which 53.5% were in the
age group between 19-39 years.23 John et al. also
has reported that 21-40 yrs age group has high
prevalence (86.1%).24

Present study shows that, out of these 100 strains,
the most frequently isolated pathogen was E.coli;
i.e. 67% which was similar to the research carried
out by Thapa et al. i.e 65.1%.25 Baral et al. showed
slightly higher prevalence 81.3% of E. coli
followed by Citrobacter spp (5%), Klebsiella spp
(2.7%), CoNS (2.7%), Enterobacter spp (1.8), P.
mirabilis (1.4%), Pseudomonas spp (0.9%) and
other (4.2%), these tests were conducted at
Kathmandu Model Hospital.26 Similar findings
were reported by Subramanian et al. i.e. E. coli
(70%), followed by Klebsiella spp (16%), P.
aeruginosa (4%), Acinetobacter
spp (2%), coagulase negative Staphylococci
(6%) and Enterococci spp (2%).27 Gram-negative
aerobic rods accounted for 92% and gram-positive
cocci account for the remaining 8% of the 100
significant isolates of the total pathogens. In Fig 1,
the frequency and distribution of the different
microorganisms is summarised. Similarly, Al-
Asoufi et al. showed Escherichia coli (48.2%), P.
aeruginosa (7.8%), K. pneumoniae (6.9%), E.
faecalis (6.03%), S. aureus (5.2%), Acinetobacter
baumannii (0.9%), and Citrobacter spp. (0.86%) in
UTI patients were the most prevalent

microorganisms. 28
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In this study, 45% were detected as biofilm positive
by CRA (as screening) and TCP method (as
confirmatory), which comes in accordance with the
results presented by Mishra et al. i.e. nearly 46% of
the isolates were found to be biofilm positive.2° Out
of 300 isolates tested, the number of biofilm
producers identified by TCP method was 45.6%
according to the regional data from India.30 Hassan
et al.29, Niveditha et al.3! and Bellifa et al.32 showed
relatively higher ie. 63.6 %, 60%, and 69%
respectively, biofilm positive by TCP method. In
our study, 47% of females (34 out of 72 female)
and 39% of males (11 out of 28 Males) were
biofilm positive i.e. prevalence of biofilm positive
female was higher as compared to male. The mean
resistance percentage of male and female is 58.41%
and 54.27% respectively towards antibiotics. This
indicates that male are relatively more resistant
than female (mean difference = 4.13%) (p = 0.000).
The mean sensitive percentage of male and female
is 33.67% and 37.69% respectively, which indicates
that female is relatively more sensitive than male
(mean difference = 4.02%) (p = 000). Sinha et al.
justify it as male gender is a significant risk factor

in acquiring UTI with antibiotic resistant strains.33

Chloramphenicol (83%), Amikacin (79%),
Imipenem (70%) and Tobramycin (69%) were
found to be more sensitive, while most resistant
were Ampicillin (100%), Ceftazidime (100%),
Erythromycin (97%), and Nalidixic Acid (85%).
Ceftazidime used usually to treat gram negative
infections which are predominant in UTIs but it is
found completely resistant in our study and is
justified by Du et al.,, is due to simultaneous
expression of ESBLs, the OprM efflux system, and
AmpCover production.34 Daza et al. Shows that the
antimicrobial agents with highest levels of activity
against Gram-negative bacilli were amikacin,
cefexime and imipenem, all of which are restricted

to hospital use.35 This study significantly indicates

MJSBH Vol 18 Issue 1 Jan-Jun 2019

that biofilm positive uropathogens are relatively
more resistant than biofilm negative uropathogens
which can also conclude that biofilm producing
properties of bacteria makes them more resistance
towards antibiotics. Relatively, decrease in the
inhibition zone of biofilm producing bacteria in
comparison to non-biofilm producers indicates the

flow of bacteria towards resistance development.

Biofilm positive bacteria were found to be more
resistant compared to biofilm negative bacteria i.e.
TOB, CTR, COT, NIT, NX, CIP, AK, IPM, AZM
and C were 29%, 27%, 25%, 17%, 16%, 15%, 9%,
7%, 5% and 2% more resistant in biofilm positive
bacteria compared to biofilm negative bacteria
respectively. However, AMP and CAZ were 100%
resistant in both cases, whereas AZM and E were
2% more resistant in biofilm negative bacteria than
biofilm positive bacteria. Similarly, biofilm
negative bacteria were more sensitive as compared
to biofilm positive bacteria where TOB, CTR,
COT, AK, NIT, NX, CIP, C, NA, AZM and IPM
were 33%, 20%,19%, 18%, 13%, 11%, 6%, 5%,
5%, 3% and 2% more sensitive than biofilm

positive bacteria respectively. .

CONCLUSIONS

The prevalence rate of multidrug resistance in
bacterial uropathogens is higher in biofilm
producers as compared to non-biofilm producers.
Biofilm forming characteristics of bacteria make

them more resistant to antibiotics that lead to new

challenges in the current antibiotics era.

It is important to find more effective method for
diagnosing and quantifying biofilm infection and
also development of more specific antimicrobial
agents that would help to fight against biofilm
formation. Limitations of this study are that
hospital patient are only included and molecular

level identification of biofilm is not performed.
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