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Abstract

Background: Klebsiella pneumoniae is a clinically important opportunistic pathogen associated with a wide
range of human infections. Its ability to develop multidrug resistance and form biofilms is largely mediated by
efflux pump systems, which significantly limit the effectiveness of antimicrobial therapy. Objective: This study
aimed to investigate the prevalence of the efflux pump genes acrAB, TolC, and mdtK and to evaluate their
association with biofilm formation in clinical isolates of K. pneumoniae. Materials and Methods: A total of 130
clinical samples were collected and cultured on selective media, followed by identification using standard
biochemical tests and confirmation by 16S rRNA gene detection. Antibiotic susceptibility was assessed using
standard methods. Biofilm formation was evaluated phenotypically, and the presence of efflux pump genes
(acrAB, TolC, mdtK) was determined by molecular techniques. Results: Out of 130 clinical samples, 50 (38.4%)
were identified as K. pneumoniae, with the highest isolation rate from urine samples (50%), followed by sputum
(28%), wounds (12%), blood (6%), and burns (4%). The isolates exhibited high resistance rates to multiple
antibiotics, including trimethoprim/sulfamethoxazole (78%), ciprofloxacin (68%), tobramycin (66%), and
imipenem (64%). All isolates demonstrated biofilm-forming ability, with 62% classified as strong, 26% as
moderate, and 12% as weak biofilm producers. Molecular analysis revealed that acrAB and TolC genes were
present in 100% of isolates, while mdtK was detected in 70%. Conclusion: The widespread presence of efflux
pump genes and strong biofilm-forming capacity among K. pneumoniae isolates likely plays a crucial role in their

multidrug resistance and reduced susceptibility to commonly used antibiotics.
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Introduction

K.pneumoniae is Gram-negative (1, 2). It
belongs to the family Enterobacteriaceae (3).
Its length ranges from (0.6-6) micrometers,
while its width ranges from (0.3-1)
micrometers, arranged singly, in pairs, or in
non-motile chains (4). Klebsiella is a lactose
fermentation that contains a prominent
polysaccharide capsule with a wide thickness,
which gives a mucoid appearance to the
colonies on agar plates. K. pneumoniae is
divided into three different groups based on the
small number of pneumoniae gene sequences.
These ethnic groups have been reclassified into

three species including K. pneumoniae /Kpl;
K.quasipneumoniae /Kpll and K. variicola
/Kplll (Kpl, Kpll, Kplll) which can infect
humans (5).

On MacConkey agar, its colonies appear
large, pink, round, and mucous, indicating
lactose fermentation and acid production. It
also grows rapidly on normal media. It also
grows rapidly on CHROMO agar, nutrient
agar, blood agar, eosin methylene blue agar
(EMB). It is commonly found in water, plants,
soil and from the mucosal surfaces of
mammals (6).
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While blood agar, grey-white, non-
hemolytic, mucous colonies. However, some
researchers have reported that K. pneumoniae
isolates have been shown to be able to produce
hemolysin on blood agar and appear as dark
pink, non-mineralized mucous colonies on
EMB. On the other hand, K. pneumoniae
K. pneumoniae is ubiquitous in nature and can
be found in soil, sewage, water, plants, and on
the mucosal surfaces of mammals (9). The
virulence factors of K. pneumoniae isolates are
mainly mediated by four major groups of
virulence  factors  including:  capsular
polysaccharide (CPS), lipopolysaccharide
(LPS), fimbriae (types 1 and 3), and
siderophores. A number of additional factors
such as wurease production, cytotoxins,
enterotoxins, hemolysin, protein-tyrosine
kinase, heat labile and heat stable endotoxins,
and phosphotyrosine-protein phosphatase are
also involved. K. pneumoniae forms biofilms
as a key step in pathogenesis. Biofilms are
organized groups of bacterial cells embedded
Materials and Methods
Isolation and identification of K.
pneumoniae

One hundred thirty clinical samples from
(Al-Karkh General Hospital, Al-Imamain Al-
Kadhimiya Hospital, Al-Horook Hospital,
Ghazi Al-Hariri Hospital) hospitals from
different clinical sources including (urine,
sputum, blood, wounds, burns) were collected
from 15/10/2023 to 25/12/2023. Then the
sample was placed on MacConkey agar, blood
agar, methylene eosin blue agar, and
chromium agar, and then incubated for 24
hours at 37°C. Then the samples were
examined in terms of color, size, shape,
hemolytic activity, and staining. Then the pure
colony was transferred to nutrient agar for
preservation and other biochemical tests
including indole, methyl red, Voges Proskauer,
citrate use, catalase, oxidase, and urease, in
addition to examining their movement. The
confirmed cultures were preserved in brain and
heart broth including 20% glycerol and stored
at -20°C for further study.

The ethical approval was obtained from the
College of Education for Pure Science (lbn Al-

appears as metallic blue colonies on CHROM
agar. K. pneumoniae is responsible for urinary
tract infections  (UTIs), septicaemia,
pneumonia (7), wound infections, nosocomial
infections in intensive care units and
septicaemia in new-borns (8).

within a matrix that self-produces extracellular
polymeric substance (EPS), adhering to abiotic
or biological surfaces (10). One of the most
important features of the biofilm state is that
antibiotic-resistant biofilms can be up to 1000
times more resistant to antibiotics than
planktonic cells (11). AcrAB and OgxAB genes
are the most investigated efflux pumps in K.
pneumoniae with respect to antibiotic
resistance. Efflux pumps have been reported as
one of the mechanisms responsible for
antibiotic resistance in biofilm structures (12).
The study aimed to investigate the prevalence
of acrAB, TolC, and mdtk and their ability to
form biofilms of K. pneumoniae isolates.

Haitham) at the University of Baghdad and the
Iragi Ministry of Health and Environment no.
(39891) on 19/10/2023.
Antibiotic sensitivity test

The susceptibility testing of bacterial
isolates to some antibiotics from different
groups was performed using Vitek 2 Compact
system using AST-GN cards (Antibiotic
Susceptibility Test Card) containing 16
antibiotics at  different  concentrations
distributed in 64 wells. All bacterial isolates
were tested for their susceptibility to
Imipenem, Meropenem, Amikacin,
Gentamicin, Tobramycin, Ciprofloxacin,
Minocycline, Trimethoprim/
Sulfamethoxazole and the results were taken
according to Mustafa and Abdullah (13).
Quantification of biofilm formation using
microtiter plate method

The ability of (50) bacterial isolates to form
biofilm was investigated using a 96-well
microtiter plate as reported by Gomaa (14)
with some modifications as follows:
1. The tubes containing the brain heart

infusion broth medium with 3% sucrose
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were inoculated with pure Dbacterial
medium for a period of (18-24) hours
(modified).

Comparing the turbidity of the bacterial
suspension with the standard McFarland
turbidity which gives approximately
5x10°® cells/ml.

Place in the holes of the first column of the
microtiter plate (200) microliters of brain
heart infusion broth only without the
bacterial suspension (negative control),
and place in the other three holes of the
first column (200) microliters of brain
heart infusion broth inoculated with the
bacterial suspension (at a rate of three
replicates for each isolate) and in the same
way for all bacterial isolates until the last
column.

The microtiter plate was incubated for 24
hours at a temperature of 37 °C, after
which the contents of the holes were
disposed of and washed with Phosphate
Buffer Saline solution at a rate of three
times, then emptied and left to dry at room
temperature.

Place 200 microliters of 1% crystal violet
dye into each well of the microtiter plate
for 15 minutes to stain the formed
biofilms, then wash with distilled water
and leave to dry at room temperature.

The crystal violet dye attached to the
biofilms is removed by adding 200
microliters of 95% ethanol to each well.
Then, the absorption of the crystal violet
color (Optical Density (OD)) is measured
in each well using an ELISA device at a
wavelength of 570 nm.

The ability of the bacterial isolates to form
biofilms is determined into four groups:
non-biofilm-forming, weakly forming,
medium-forming, and strong-forming,

colonies growing on MacConkey's
depending on the OD of the bacterial
biofilms

- OD < ODc non-film forming

- ODc <OD <£2xODc Weakly film forming

- 2 x0Dc < OD < 4xODc Moderately film
forming

- XODc < OD 4 Strongly film forming.

DNA extraction

DNA was extracted from (50) bacterial
isolates grown on MacConkey agar using a
DNA purification kit (Promega, USA)
according to the manufacturer's instructions.
DNA was measured using a Quantus
Fluorometer, and DNA was screened for 16S
rRNA genes acrAB, TolC and mdtk using
primers (Macrogen, Korea) listed in Table (1).
The dried primer was dissolved in sterile
distilled deionized water to a concentration of
100 pmol/ul and then diluted to 10 pmol/ul
according to the manufacturer's instructions.
Amplification of 16SrRNA, acrAB, TolC and
mdtk genes by PCR

A Thermal Cycler (USA/Thermo Fishe
Scientific) was used to perform the PCR
reaction. The final PCR reaction mixture of 24
ul contained 12.5 of Go Taq Green Master
Mix, 1 pl of each of the forward and reverse
primers, 7.5 pl of sterile distilled deionized
water, 2 ul of template DNA as mentioned in
Table (2). The PCR amplification of the four
genes 16SrRNA, acrAB, TolC and mdtk was
verified under the conditions mentioned in
Tables (3) and (4) by electrophoresis on a 2%
agarose gel at 100 V for 60 min using a ladder
(100-1500 base pairs) as a molecular weight
marker, and monitoring the PCR product using
a UV-Transilluminator under UV light with a
wavelength of 320 nm (15).
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Table 1. The primer sets used for PCR assay in this study.

Genes Primer Sequence (5°- 3") Product size Reference
16SrRNA F: GCAAGTCGAGCGGTAGCACAG 260 (16)
R: CAGTGTGGCTGGTCATCCTCTC
acrAB F: ATCAGCGGCCGGATTGGTAAA 312 (17)
R: CGGGTTCGGGAAAATAGCGCG
tolC F: ATCAGCAACCCCGATCTGCGT 527 (17)
R: CCGGTGACTTGACGCAGTCCT
mdtk F: GCGCTTAACTTCAGCTCA 453 17)
R: GATGATAAATCCACACCAGAA
Table 2. Polymerase chain reaction mixture (PCR Products).
Master mix components Volume(ul)
Master Mix 12.5
Forward primer 1
Reverse primer 1
Nuclease Free Water 7.5
DNA 2
Total volume 24
Table 3. The optimal conditions for amplifying 16S rRNA by PCR.
PCR Steps Temperature (°C) Time Cycles’ Number
Initial Denaturation 95 3min 1
Denaturation 95 45sec 28
Annealing 58 sec45
Extension 72 1 min
Final Extension 72 min5 1

Table 4. Th

e optimal conditions for amplifying acrAB, TolC and mdtk by PCR.

PCR Steps Temperature (°C) Time Cycles’ Number
Initial Denaturation 94 1min 1
Denaturation 94 30sec 35
Annealing 52 sec30
acrAB
TolC 52
mdtk 43
Extension 72 sec90
Final Extension 72 Min10 1

Statistical analysis

The Pearson's correlation coefficient was
utilized to determine the correlation between
Biofilm formation and MIC of antibiotics.

Results

Distribution of K. pneumoniae Isolates

Fifty bacterial
pneumoniae were obtained from different
clinical sources. The highest proportion was
isolated from urine samples (25/50, 50%),

isolates of Klebsiella

followed by sputum (14/50, 28%), wounds
(6/50, 12%), blood (3/50, 6%), and burns

(2/50, 4%), as shown in Table (5).

Table 5. The source, number and percentages of K. pneumoniae bacteria isolates.

Isolates source Isolates number %
Urine 25 50
sputum 14 28
wound 6 12
blood 3 6
Burns 2 4
Total number 50 100
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Antibiotic sensitivity of K. pneumoniae
Antibiotic susceptibility testing revealed
varying resistance rates among the isolates.
Resistance to imipenem was observed in 64%
of isolates, meropenem in 60%, amikacin in
40%, gentamicin in 56%, tobramycin in 66%,
ciprofloxacin in 68%, minocycline in 34%, and
trimethoprim/sulfamethoxazole in 78%.

Detection of biofilm production by K.
pneumoniae

All K. pneumoniae isolates (100%)
demonstrated the ability to form biofilms using

the microtiter plate method. Strong biofilm
formation was detected in 31 isolates (62%),
moderate biofilm formation in 13 isolates
(26%), and weak biofilm formation in 6
isolates (12%).

Correlations between Biofilm formation
and MIC of antibiotics

Statistical analysis indicated a strong
positive correlation between biofilm formation
and the minimum inhibitory concentration
(MIC) of antibiotics (r = 0.816), as illustrated
in Figure (6).

Figure 6. The relationship between Biofilm formation and MIC of antibiotics.

Biofilm MIC
Biofilm Pearson Correlation 1 0.816
MIC Pearson Correlation 0.816 1

Detection of 16SrRNA in K. pneumoniae

The results of the polymerase chain
reaction were confirmed by analyzing the
bands using gel electrophoresis and by
comparing with the multiplexed bands and the
DNA ladder size indicator. The results showed
that all K. pneumoniae isolates (50 isolates) at
a rate of 100% possess the 16SrRNA gene as
shown in Figure (1).

Genetic detection of some efflux system
genes of K. pneumoniae
The results of the current study displayed

M 1 2 3 4 5 6 7 8 9

1500bp
1000bp

500bp

100bp

1500bp
1000bp

500bp
260bp

100bp

that 50 bacterial isolates (100%) belong to
K. pneumoniae that possess the acrAB and
TolC genes. After comparing the multiple
bands with the ladder size indicator bands, it
was found that all of them have a molecular
weight of 312 and 527 base pairs respectively
as shown in Figure (2, 3).

The results of the current study displayed
that 35 bacterial isolates (70%) belong to K.
pneumoniae that possess the mdtk gene. After
comparing the multiple bands with the ladder
size indicator bands, it was found that all of
them have a molecular weight of 453 base
pairs, as shown in Figure (4).

M 10 1 12 13 14 15 16 17 18

260bp
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Figure 1. Results of the ampllflcatlon of 16 S genes (260bp) of bacterial species were fractionated on 2% agarose
gel electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lines (1-9) in Figure (A1), (10-18) in Figure
(B1), (19-27) in Figure (C1), (28-36) in Figure (D1), (37-45) in Figure (E1), (46-50) in Figure (F1).
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Figure 2. Electrophoresis of the PCR product of the acrAB gene (312 base pairs) of K. pneumoniae isolates on
agarose gel at a concentration of (0.2%) and a potential difference of 100 volts for 60 minutes. Line M (volume
index) 100-1500 base pairs. Lines (1-19) in Figure (A2), (20-38) in Figure (B2), (39-50) in Figure (C2).
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Figure 3. Electrophoresis of the PCR product of the TolC gene (527 base pairs) of K. pneumoniae isolates on agarose

gel at a concentration of (0.2%) and a potential difference of 100 volts for 60 minutes. Line M (volume index) 100—
1500 base pairs. Lines (1-19) in Figure (A3), (20-38) in Figure (B3), (39-50) in Figure (C3).
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Figure 4. Electrophoresis of the PCR product of the mdtk gene (453 base pairs) of K. pneumoniae isolates on
agarose gel at a concentration of (0.2%) and a potential difference of 100 volts for 60 minutes. Line M (volume
index) 100 — 1500 base pairs. Lines (1-6) in Figure (A4), (7-25) in Figure (B4), (26-44) in Figure (C4), (45-50) in

Figure (D4).
Discussion

The findings of the present study show that
Klebsiella pneumoniae strains sampled from
various clinical sources show the pathogen's
strong association with the clinical setting of
urinary tract infections. As shown in previous
investigations, the prevalence of urine samples
from patients with K. pneumoniae indicates
that this organism has adapted to become a
foremost uropathogen due to its capacity for
attachment to the uroepithelia, and for creating
biofilms that can survive within the urinary
system (18-20). The differences in isolation
frequency for sputum or wound sources could
be attributed to a variety of demographic
factors related to each patient, the departments
of the respective hospitals, and local
epidemiological conditions (21-23).

In this study, it was found that K.
pneumoniae is highly resistant to many
different classes of antibiotics, and this

demonstrates the alarming increase of multi-
drug resistance in K. pneumoniae. Of great
concern is the resistance to carbapenems such
as imipenem and meropenem as they are
usually the last option available for treating the
most severe infections caused by Gram-
negative organisms (24, 25). In addition, there
have been several other studies describing
similar resistance patterns indicating that
carbapenem-resistant ~ K.pneumoniae s
widespread in hospitals (26-28). The resistance
of K.pneumoniae to aminoglycosides and
fluoroquinolones is likely related to a number
of mechanisms including aminoglycoside-
modifying enzymes, mutations in the target
sites, plasmid-mediated resistance
determinants, and decreased permeability of
outer membranes (29-31).
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The ability of bacteria to produce biofilm,
which is an important virulence factor, plays a
major role in the ability of these organisms to
persist and withstand being treated with
antimicrobials. In this study, the majority of K.
pneumoniae isolates also produced biofilm,
while most of the isolates were classified as
strong biofilm producers. The results of this
study are consistent with prior research that
identified a high prevalence of biofilm-
producing K. pneumoniae, especially among
isolates from patients with urinary tract
infection (UTI) or that were obtained from
medical devices (32-34). In addition to being a
physical and physiological barrier, biofilms are
barriers to the penetration of antibiotics and
protect bacterial cells against host immune
defences, contributing to higher rates of
treatment failure and chronic infections (35-
37).

The fact that there is a good correlation
between how well an organism forms its
biofilm and how high a dose of antimicrobial
is necessary to kill it supports the concept that
biofilms provide a mechanism for the
organism to develop resistance to an
antimicrobial agent. Compared to planktonic
cells, biofilm-associated cells show different
gene expression patterns from planktonic
(non-biofilm forming) cells, have decreased
metabolic rates, and can tolerate much higher
concentrations of antibiotics (38-40). In
addition to this, multiple studies have shown
correlations between biofilm production and
multi-drug resistance in clinical isolates of K.
pneumoniae,  supporting  the  clinical
significance of the  biofilm-mediated
mechanism for developing resistance (33-35).

The acrAB and TolC efflux pump genes
were shown to be present in all strains, along
with the high occurrence of the mdtK gene. The
AcrAB-TolC system is one of the most well-
characterized mechanisms used by Klebsiella
pneumoniae to evince antibiotic resistance.
This system functions to confer resistance to a
variety of different classes of antibiotics (B-
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