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Abstract

AIM: The present study investigates the production of extended-spectrum beta-lactamases (ESBL) and the formation
of biofilm among different bacterial pathogens.

METHODS: The study conducted prospective analysis on bacteria isolates (Gram-negative) from patients who have
diagnosed with infections with bacteria between October 2020 and January 2022.

RESULTS: The results showed that there were 53 biofilm producers in Escherichia coli. In contrast, Pseudomonas
aeruginosa was observed to have the highest percentage, with 32/40 (80%) isolates being biofilm producers. The
least number of isolates were Morganella morganii (n = 2) with two (100%) biofilm producers. The resistance in the
biofilm positive isolates was high compared with biofilm negative. About 88% of phenotypic ESBL-positive isolates
were biofilm producers, and 97% of cefotaxime-resistant biofilm-positive isolates were genotypic positive for CTX-M,
TEM, and SHV genes.

CONCLUSION: The present study has shown that protection against antibiotics through mucus production is
possible due to bacteria’s reduced metabolic activity and diffusion of antibiotics across the biofilm matrix. In this
study, all the bacterial strains of E. coli and Klebsiella pneumoniae were reported to be MDR and competent for
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Introduction

The therapy deficiency and interfered iliness
control are remarkably assisted with the production
of  Enterobacteriaceae  (Klebsiella  pneumoniae
and Escherichia coli) through extended-spectrum
beta-lactamases (ESBLs) in human and veterinary
medicine [1]. Various ESBL genotypes in E. coli are
present in the environment, livestock, wild animals,
and poultry [2]; however, the formation of biofilm by
the organisms produces some of the cell surface
constituents and increases endurance to multiple
antimicrobials for promoting their availability in different
communities [3]. The development of biofilm is known
as a complicated procedure [4]. A biofilm develops
when specific microorganisms follow the surface of
some objects in a moist environment and commence to
reproduce. For instance, colonies are cells attached to a
surface, which allow E. coli to bind and colonize through
several surface determinants [5]. The colonies largely
comprise polysaccharides as it synthesizes a matrix
around the biofilm [6]. The removal of planktonic cells

results in the progression of circ and colonizes different
surfaces. Hydrophobic interactions play important roles
in adhering to and forming biofilm [1].

Firmly lodged bacterial aggregates are
present on the biofilms in extracellular matrices of
polysaccharides, nucleic acids, enzymes, and proteins
to facilitate irreversible anchoring to surfaces [7]. The
matrix confers antibiotic resistance through different
processes such as expressing chromosomally encoded
resistant genes, reducing growth rate, restriction
of antibiotics, and counteracting host immunity [8].
Extensive dissemination of multi-drug resistant (MDR)
strains of Gram-negative bacilli is contributed through the
formation of biofilm and production of beta-lactamases.

Almost all MDR, K. pneumoniae possess ESBL
enzymes [9]. This highlights the association of Gram-
negative pathogens with severe infections such as
urinary tract infection, pneumonia, septic shock, wound
infection, septicemia, and intra-abdominal infection [10].
It is reported that ESBL producing K. pneumoniae
(ESBL-K. pneumoniae) is mostly acquired in hospital
settings, for instance, in the intensive care unit, and
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had been associated with increased morbidity and
mortality. Therefore, the increased resistance of ESBL
K. pneumoniae has grabbed the attention of many
researchers, considering the wide range of beta-lactam
antibiotics used as antibacterial agents [11].

There is an obvious need for studies focusing
on the speedy and precise detection of ESBL-
producing bacteria. Significant knowledge about the
antibiogram of bacterial isolates and the formation of
biofilm is important to render reliable empirical antibiotic
therapy to patients [12]. The conventional methods
are reliable and economical for routine screening and
diagnosis, regardless of numerous molecular detection
techniques [13]. This present study focuses on the
production of ESBL and the formation of biofilm among
different bacterial pathogens. This research aimed
to employ a polymerase chain reaction (PCR) test to
identify ESBL-producing genes in a subset of Gram-
negative clinical bacteria in Kingdom of Saudi Arabia
(KSA) that is currently scarce.

Methodology

Bacterial isolates

In the 1.5-year study period between October
2020 and January 2022 from two civilian hospital
patients in Tabuk, Saudi Arabia, a prospective analysis
of bacteria isolated (Gram-negative) with illnesses was
conducted. Each specimen’s culture and smear were
examined for noteworthy microbiological characteristics
using established methods [14]. Utilizing culture traits
and common biochemical tests, bacteria isolates
were identified up to the species level [15]. Utilizing
the Clinical and Laboratory Standards Institute (CLSI)
serum standards, the Kirby—Bauer disk diffusion method
was used to conduct in vitro susceptibility testing [15].

Following a 24-h incubation at 37° Celsius, the
obtained samples were inoculated into nutrient agar
plates. Forty unique isolates were chosen based on their
appearance on isolation agar. Eosin methylene blue
agar, cetrimide agar, and MacConkey agar were used to
culture the isolates. 24-h incubations at 37° Celsius were
performed on the plates. Biochemical tests, including
catalase, oxidase, IMViC, TSI, the carbohydrate
utilization test, and urease, were performed on the
colonies exhibiting distinctive growth patterns in addition
to the standard micromorphological tests of Gram
staining, capsule staining, spore staining, and motility.
Kirby—Bauer disk diffusion assays using antibiotic
discs were performed on all the detected isolates to
determine their susceptibilities to these drugs. To the
closest millimeter, the diameter of the zone was noted.
Kirby—Bauer disk diffusion isolates showing antibiotic
resistance were chosen to identify ESBL producers.
Bacteria (Gram-negative) were isolated and subcultured

onto MacConkey agar (M008; Hi-Media Laboratories
Pvt. Ltd., India) and were single species, pure, and
non-duplicate organisms. The study was conducted
after approval from the Institutional Ethical Research
Committee (READ) (Approval No: READ-0132).

Antibacterial susceptibility testing

In vitro antibacterial susceptibility testing for
each pure isolate was performed by Kirby—Bauer disk
diffusion method against the third-generation disk of
cephalosporins, (10 ug cefpodoxime, 30 ug ceftazidime,
30 ug cefotaxime, and 30 pg ceftriaxone [CE]),
monobactams (30 ug aztreonam), aminoglycosides
(30 ug amikacin, 10 pg tobramycin, and 10 pug
gentamicin), fluoroquinolones (5 ug ciprofloxacin, 5 ug
levofloxacin, 5 ug ofloxacin, and 5 ug gatifloxacin),
and phenolics (30 ug chloramphenicol) using HiMedia
susceptibility disks and interpreted according to the
CLSI standards guidelines [15].

Selection of the ESBL producing strains

Standard methods were used to obtain a culture
and smear from each. The CLSI guidelines state the
disk diffusion method for testing antibiotic susceptibility
can screen for ESBL activity if the zone of inhibition is
<22 mm with 30 g ceftazidime disks and <27 mm with
30 g cefotaxime disks. These isolates were identified
as potential ESBL producers and selected for the
screening and confirmatory test of ESBL activity [15].

Phenotypic confirmatory test for ESBL
production

According to CLSI guidelines, the disk test was
carried out with overnight growth of the test isolates (0.5
McFarland standard) on Mueller—Hinton agar plates,
with 25 mm distance between plain and clavulanate
(10 g/disk) incorporated cefotaxime disk (30 g/disk).
The difference between must shows an increase of
=5 mm with clavulanate impregnated disk showing
phenotypic confirmation of ESBL formation [15].

Quality control

A conventional non-ESBL-producing organism
from the American Type Culture Collection (ATCC),
E. coli ATCC 25922, and an ESBL-producing organism,
K. pneumoniae ATCC 700603, were used to assess the
antibacterial drugs’ effectiveness.

Molecular detection and characterization
Molecular methods for B-lactamase detection

Detection of bla genes by PCR: Molecular

detection of bla bla and blag,, was performed

CTX-M? TEM?
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in cefotaxime-resistant isolates using PCR according
to the methods described previously with minor
modifications [16], [17]. The primers and cycling
conditions for the detection of bla genes were the same
as described by [16].

Biofilm production

This study has adopted the biofilm production
assay from the study of Zubair et al. [18]. A quantitative
determination was used to examine biofilm formation
in 96 flat bottom plates. To be precise, TSB was used
to prepare fresh bacterial suspensions from overnight
cultures and balanced for ODgy of 0.1. Afterward,
inoculation of 100 uL aliquots of bacterial suspension
was processed into individual wells at 37°C for 48 h.
1X phosphate buffered saline was used to gently wash
plates for 30 min at room temperature through 0.1%
crystal violet (Sigma-Aldrich, St. Louis, MO). Removal
of excess crystal violet was performed through washing,
whereas subsequent OD,,,  of the supernatant was
used to quantify biofilm following the solubilization of
CV in 95% ethanol. The test was performed in triplicate
to determine the mean biofilm absorbance value for
each clinical strain tested. As per the method proposed
by Stepanovi¢ et al. [19], the classification of biofilm
was based on the following categories: weak (ODsg 0.1
to <0.400), moderate (OD,,, > 0.400), and strong (OD,,,
> 0.800). However, this study categorized positive
isolates through moderate and strong classifications,
while negative biofilm production was represented
through weak non-biofilm.

Statistical analysis

SPSS software (version 25.0) was used to enter
and analyze data. The actual number of ESBL-producing
isolates was used for describing frequency outputs for
categorical variables. Tables and figures were used to
present the data. Continuous variables were presented
in the form of mean and standard deviation.

Results

A total of 126 Gram-negative isolates were
biofilm positive among 167 studied isolates. Out of
71 E. coli strains, 53 (74.6%) were biofilm producers.
Similarly, 32 (80%) of the biofilm producers represented
Pseudomonas aeruginosa (n = 40). The least number
of isolates were Morganella morganii (n = 2) with two
(100%) biofilm producers.

Phenotypic ESBL detection

Table 1A presents the distribution of ESBL
positive by phenotypic methods among Gram-
negative bacteria. Among the tested isolates of ESBL
screening positive and confirmatory positive, 60.4%
and 61.3% of the tested isolates were represented
as ESBL screening positive and ESBL confirmatory
positive, respectively. Out of the ESBL-screened
positive isolates, 43 (42.5%) were E. coli isolates,
followed by P aeruginosa (20.7%), Klebsiella
oxytoca (12.8%). Likewise, out of ESBL-confirmed
positive isolates, 61.3% of the screening-positive
isolates were confirmed positive by a confirmatory
test. Moreover, out of 101 ESBL screening-positive
isolates, 88% were biofilm activity, and 87% showed
positive biofilm activity in ESBL-confirmed positive
isolates.

From the total Gram-negative, around 62%
showed screening positivity of ESBL by disk diffusion
method, in which 109 (65.2%) isolates were positive
using ceftazidime and 101 (60.4%) for cefotaxime. In
the confirmatory ESBL test, 67.8% were found positive
by disk potential method using ceftazidime/ceftazidime
+ clavulanic acid 76 (75.2%), and 62 (61.3%) with
cefotaxime/cefotaxime + clavulanic acid (Table 1B).
The overall reduction in ESBL from screening to
confirmatory test among the Gram-negative isolates
was 34%.

Table 1: Screening test and confirmatory test results of extended-spectrum b-lactamase-producing Gram-negative bacilli, and
number of biofilm producers from screening test and confirmatory test results of extended-spectrum b-lactamase-producing

Gram-negative bacilli

A
Name of bacterial isolates ESBL study Biofilm positive activity from ESBL
Screening positive n (%) Confirmatory positive n (%) Screening positive (n) Confirmatory positive (n)

Escherichia coli 43 (42.5) 28 (65.1) 40 26

Pseudomonas aeruginosa 21(20.7) 14 (66.6) 19 12

Klebsiella oxytoca 13 (12.8) 8(61.5) 1 6

Klebsiella pneumonia 9(8.9) 5 (55.5) 7 4

Proteus vulgaris 6(5.9) 3(50.0) 5 3

Proteus mirabilis 3(2.9) 2 (66.6) 2 2

Acinetobacter spp. 5(5.9) 2 (40) 4 1

Morganella morganii 1(0.9) 0(0) 1 -

Total 101 (60.4) 62 (61.3) 89 (88.1) 54 (87.0)

B

Screening ESBL result n =167 Confirmatory ESBL n =167 Percentage reduction of ESBL
from screening to confirmatory

Ceftazidime 109 (65.2%) Ceftazidime + clavulanic acid 76 (45.5%) 30.27%

Cefotaxime 101 (60.4%) Cefotaxime + clavulanic acid 62 (37.1) 38.61%

Average positivity

62.8%

Average positivity

41.3%

34.23%

Data are number (%). ESBL: Extended-spectrum beta-lactamases.
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Antibiotic resistance pattern among
biofilm positive and negative isolates

Figure 1 represents the antibiotic resistance
pattern among biofilm positive and negative isolates.
Here, only cefotaxime and ofloxacin were not
significantly associated (p > 0.05). It was reported
that overall antibiotic resistance was higher in biofilm
positive isolates than in biofilm-negative isolates.
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Figure 1: Comparative antibiotic resistance pattern among biofilm
positive (blue) and biofilm negative (orange) (a) Escherichia coli,
(b) Pseudomonas aeruginosa, (c) Klebsiella oxytoca, (d) Klebsiella
pneumonia, (e) Proteus vulgaris, (f) Morganella morganii,
(9) Proteus mirabilis, and (h) Acinitobacter spp. isolates. Data show
high resistance among biofilm positive isolates

Genotypic ESBL detection and bla gene
distribution

The frequency of bla genes is shown in
Table 2a and b. Only cefotaxime-resistant isolates
(n = 101) were subjected to Class A (CTX-M, TEM, and

SHV) ESBLs study. Eighty-seven (86.1%) cefotaxime
resistant isolates were found positive for bla genes, in
which CTX-M was found to be the most prevalent ESBL
noticed in 76 (87.3%), followed by SHV [41 (47.1%)]
and TEM beta-lactamases were reported in 31(35.6%)
isolates. The genotype distribution analysis (Table 2B)
reveals that 23 (26.4%) strains were having all three
genes (CTX-M + TEM + SHV), 12 (13.7%) strains
(CTX-M + SHV), 5 (5.7%) strains (CTX-M + TEM),
and 2 (2.2%) strains (TEM + SHV). The majority of the
tested strain were having CTX-M alone, 36 (41.3%)
strains. Organism wise, ESBL gene distribution was
depicted in Table A1.

Biofilm analysis

The results have shown a total of 167 isolates,
out of which 126 isolates were biofilm producers
(Table 3). The overall antibiotic resistance was higher
in biofilm positive isolates compared with negative
isolates (Figure 1). In addition, 88% of the ESBL-positive
(phenotypic-screening) isolates were biofilm producers,
and 88% of ESBL-positive (phenotypic-confirmatory)
isolates were biofilm producers (Table 1Aand B). Among
the ESBL genotypic (87) positive isolates, the majority
of them show biofilm activity 74 (85%) (Table 2c).
Seventy-six positive biofilm isolates were resistant to
cefotaxime antibiotic; the average positivity of the ESBL
gene in biofilm positive (cefotaxime resistant) isolates
was 97% (Table 4).

Table 3: Distribution of isolates

Name of isolates Number (%) Biofilm producers (%)
Escherichia coli 71 (42.5) 53 (74.6)
Pseudomonas aeruginosa 40 (24) 32 (80)
Klebsiella oxytoca 18 (10.8) 14 (77.8)
Klebsiella pneumonia 15 (9) 11 (73.3)
Proteus vulgaris 8(4.8) 6 (75)
Proteus mirabilis 5(3) 3 (60)
Acinetobacter spp. 8(4.8) 5(62.5)
Morganella morganii 2(1.2) 2 (100)
Total 167 126

Data are number (%).

Discussion

A total of 167 different types of isolates were
analyzed. E. coli accounted for the largest population
of Gram-negative bacteria, whereas M. morganii
accounted for the least. Most of them tested positive
for the presence of biofilm. According to the result

Table 2: (a) bla (cTxm, Tem, shy) 9ENE positivity result, (b) bla (cTxM, sy, Tem) 9ENE combination distribution among the total gram negative
bacterial isolates, and (c) Biofilm positivity among bla (cTxm, shy, ey 9€NE combination distribution

(a) bla gene n =87 (b) bla gene distribution n =87 (c) Biofilm positivity n=74 (85.0)
bla average positivity 86.1% All three genes (CTX — M+TEM+SHV) 23 (26.4) 20 (27.0)
CTX-M 76 (87.3%) Two genes (CTX — M+TEM) 5(5.7) 4(5.4)
TEM 31(35.6%) Two genes (CTX — M+SHV) 12 (13.7) 9(12.1)
SHV 41 (47.1%) Two genes (TEM+SHV) 2(22) 1(1.3)
CTX-M alone 36 (41.3) 33 (44.5)
SHV alone 4 (4.5) 3 (4.0)
TEM alone 5(5.7) 4(5.4)
Data are number (%).
18 https://oamjms.eu/index.php/mjms/index
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Table 4: bla-gene distribution among the gram negative bacterial

Name of bacterial isolates Total no. of isolates tested CTX-Malone  bla ., alone bla, alone bla, ..olaey bla, ...lagy bla, . la., bla . la:c, blac,
Escherichia coli 43 18 2 1 2 9 2 4
Pseudomonas aeruginosa 21 9 1 2 1 3 00 0
Klebsiella oxytoca 13 1 0 0 1 0 0 1
Klebsiella pneumonia 9 0 0 0 0 0 0 8
Proteus vulgaris 6 3 1 1 0 0 0 0
Proteus mirabilis 3 2 1 0 0 0 0 0
Acinetobacter spp. 5 2 0 0 1 0 0 0
Morganella morganii 1 1 0 0 0 0 0 0
Total 101 36 5 4 5 12 2 23
Total biofilm positive activity 74 33 4 3 4 9 1 20

Data represented in numbers.

of the study, E. coli was highly resistant to cefixime
but very susceptible to cefoxitin. Carbapenem
and cephalosporin antibiotics have little effect on
K. pneumonia. Since more antibiotics are being used to
treat urinary tractinfections (UTIs), there has been arise
in the antibacterial resistance of Enterobacteriaceae,
particularly the primary uropathogens E. coli and
K. pneumoniae [20].

The strains of K. pneumoniae resistant to
3" generation cephalosporins were 56% resistant to
cefotaxime and 47% resistant to ceftazidime. In India,
it has been found that K. pneumoniae is resistant to
ceftazidime at a very high rate of 84% [21]. The fact that
these E. coli strains are resistant to third-generation
cephalosporins might be because they have a plasmid-
ESBL [22], [23]. Studies that were done in Gabon in the
past showed that there were a lot of bacterial strains
that made ESBLs [24], [25]. Furthermore, the Global
Antimicrobial Resistance Surveillance Report found
that E. coli and K. pneumoniae were resistant to C3Gs
in five out of six (5/6) regions and six out of six (6/6)
regions, respectively [26]. Imipenem and ertapenem,
two types of carbapenems, worked well on E. coli and
K. pneumoniae strains with resistance rates of 2% and
4%, which backed up what Leopold et al. found. [27]

The options for treating infections caused
by these organisms are limited due to the increased
prevalence of MDR Enterobacteriaceae. Moreover, a
good rationale for using older antibiotics is provided due
tothe lack of new antibiotics. Forinstance, osfomycin can
retain some activity against MDR bacteria [20]. Because
resistance to carbapenems and other broad-spectrum
beta-lactams are developing and new antibiotics
are scarce, it is critical to investigate the possibility
of combination treatment to boost the antibacterial
properties of current medicines. For carbapenemase-
producing Enterobacteriaceae, colistin-tigecycline and
various combinations, including an aminoglycoside, a
carbapenem, colistin, fosfomycin, rifampin, or tigecycline
have been recommended [28], [29], [30], [31]. Based
on the retrospective study, it has been advised to
employ carbapenem-containing combinations for
these bacteria if the carbapenem minimum inhibitory
concentration (MIC) is 4 mg/L [28].

P. aeruginosa was highly resistant to
CE. Recently, resistance was exhibited by MDR
P. aeruginosa against 15 antibiotics. P. aeruginosa is
among the notorious pathogen [20]. P. aeruginosa is

also known to cause a wide variety of other infections,
encompassing all organs of the human body, including
soft-tissue infection in burns, open wounds, and post-
surgery; urinary tract infection associated with the
use of urinary catheter; foot infection in diabetics and
individuals with impaired microvascular circulation;
ear infection, especially otitis externa and chronic
suppurative otitis media associated with tissue injury
and water blockage; and keratitis associated with
extended contact lens wear and contaminated contact
lens [32], [33]. Similar to the present study, a previous
study showed that most of the strains of P. aeruginosa
were resistant to 30 ug/disk CE. Therefore, the doses
are recommended in therapy [34].

K. oxytoca was highly resistant to cefixime.
However, it contradicts the findings of a study
conducted in Pakistan in 2013 [35]. Here, K. oxytoca
had 57.7% sensitivity to cefixime. It could be due to the
development of drug resistance in the bacteria against
this drug. Proteus vulgaris was seen to be mostly
resistant to gatifloxacin. The MIC value was seen to
be 0.016-1 in P. vulgaris in relation to gatifloxacin in a
previous study [36], indicating low potency. One of the
previous studies determined the MIC values through
agar dilution method based on the procedures outlined
by the National Committee for Clinical Laboratory
Standards [36]. Whereas, Acinetobacter spp. was highly
resistant to ceftazidime, in accordance with the previous
study [37]. There is a need to monitor the safe and
proper usage of antibiotics. Their increased resistance
might put us back in a pre-antibiotic era, where a simple
bacterial infection could be life-threatening.

Antibiotics are commonly used due to the high
rate of resistance speculated to be associated with ESBL
production. One well-described problem is that ESBL-
producing uropathogenic isolates confer resistance to
cephalosporins. The isolates examined in this study
were sensitive to imipenem, related to the carbapenem
class of antibiotics. Carbapenems are undertaken as the
treatment of selection for extremely significant infections
resulted due to the production of ESBL and Amp C
B-lactamase-producing Enterobacteriaceae [38].
ESBL is produced through different Gram-negative rod-
shaped bacteria. In this regard, ESBL is made through
K. pneumoniae, the ESBL-producing organism. There
has been an instant elevating occurrence of ESBL
production among cephalosporins due to the excessive
use and misuse of broad-spectrum antibiotics among
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Enterobacteriaceae resulted from selection pressure.
Genes encoding ESBL enzymes are essentially
plasmid-mediated. The same plasmid can also confer
additional resistance contributors to aminoglycosides
and fluoroquinolones. In addition, most ESBL
isolates demonstrate cross-resistance to non-p-
lactam antibiotics, including nitrofurantoin, TMP-SMX,
ciprofloxacin, and aminoglycosides, stressing additional
therapeutic challenges to both clinical microbiologists
and clinicians. According to most of the reports, delays
in opposite therapy and an associated elevation in the
rates are caused by such enzymes [39].

Isolates of E. coli showed a substantial extent
of biofilm-forming organisms, while a similar proportion
of biofilm production has been reported in E. coli [40].
It was revealed that 72 strains were competent enough
to establish a biofilm among 100 E. coli strains [41].
ESBL-producing strains establish a biofilm compared
with non-ESBL producers [42]. No such association was
revealed in this study as a biofilm was formed by two non-
ESBL-producing strains such as RD7 and E. coli RD1.
Resistance is closely associated with resistance toward
biofilm formation and antibiotics, elevating the threat of
forming chronic UTls. Thereby, the biofilm-producing
MDR E. coli and K. pneumoniae cause the UTls to induce
an adverse risk to the health status of the public and,
therefore, need close monitoring and explicit examination.

The present study reported that 86.1% of
cefotaxime resistant isolates were found positive for
bla genes, in which CTX-M was found to be the most
prevalent ESBL noticed in 76 (87.3%), followed by SHV
(41 [47.1%]) and TEM beta-lactamases were reported
in 31 (35.6%) isolates. Marthie et al. reported that ESBL
genes in this study were 87%, with the bla,,, gene only
detected in 24% and the blag,, gene in 4% [43]. The
genotype distribution analysis reveals that 26.4% strains
had all three genes (CTX-M + TEM + SHV), 13.7% of
strains (CTX-M + SHV), 5.7% of strains (CTX-M + TEM),
and 2 (2.2%) strains (TEM + SHV). Most of the tested
strains had CTX-M alone, 36 (41.3%) strains. Marthie
et al. reported TEM + SHV was detected in 12%, TEM
+ CTX-M detected in 12%, and TEM + SHV + CTX-M
was detected in 36% of the isolates [43].

The study has a limitation that it did not use
molecular techniques due to easy accessibility to the
advanced laboratory in Tabuk, KSA, due to expensive
instruments availability. However, despite this limitation,
up to our knowledge, this is the first study conducted
to examine biofilm formation and ESBL procedures
among Gram-negative bacteria in infected patients.

Conclusion

This study effectively found drug resistance
patterns in Gram-negative bacteria. Biofilms consist

of structured bacterial cells encapsulated in self-
made polymer matrices, which can follow living or
inert surfaces. Protection against antibiotics through
mucus production is possible due to reduced metabolic
activity of bacteria and reduced diffusion of antibiotics
across the biofilm matrix. In this study, all the bacterial
strains of E. coli and K. pneumonia were reported to
be MDR and competent for establishing Biofilm. This
study’s implication will help clinicians select the drug
of choice to treat these bacteria. For researchers,
it has the implication that it will help in future studies
to understand, in which drugs were sensitive before,
as many antibiotics are now going toward resistant
patterns. Morbidity and treatment failure is usually
related to MDR, specifically ESBL-producing bacterial
infection. Misuse, easy availability, and improper use
of antibiotics must be strictly controlled for spreading
the MDR characteristics of the pathogens regardless
of prescription. The findings have shown a relationship
between high biofilm positivity among ESBL-positive
strains.
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