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Abstract

Urinary tract infections are a serious public
health problem that can be caused by a variety of
organisms, particularly Gram-negative bacteria.

Detection of the Grade of Biofilm
Formation and Its Correlation with
Antibiotic Resistance Among Klebsiella
Pneumoniae Isolated from Iraqi Patients
with Urinary Tract Infections

Ghada S. Rzwky', Sanaa Khudhur Jameell', Ban H.
Adil*

! Department of Medical Microbiology College of Medicine, Al-Ira-
qia University, Baghdad/Iraq.

2 Department of Physics, College of Science for Women, University
of Baghdad, Baghdad, Iraq.

Multidrug-resistant Klebsiella pneumonia infections acquired
in hospitals present a significant challenge due to their high
virulence, to form biofilms. This increases their resistance to
various antibiotics particularly in immunocompromised pa-
tients and those undergoing surgery.

This study was conducted to assess the biofilm-forming ca-
pacity of K. pneumonia isolates and its correlation to the an-
tibiotic resistance of these biofilm-forming isolates in patients
with Urinary tract infection.

This cross-sectional study included 300 patients with urinary
tract infections at Imam Al-Kadhimia Medical Hospital and
Al-Karama Teaching Hospital in Baghdad. Just 93 out of 300
individuals with urinary tract infection had positive Klebsiella
pneumoniae growth. The Vitek 2 Compact System was used
for sensitivity testing, and a microtiter plate was used to meas-
ure biofilm formation.

The study results showed that K. pneumoniae isolates were
capable of forming robust biofilms in patients with UTIs.
Other isolates showed moderate to weak biofilm formation
capabilities.

In conclusion, the majority of the bacterial isolates of K.
pneumoniae are strong biofilm-forming and exhibit broad-
spectrum resistance to a range of antibiotics. This opens new
avenues for research and development of non-traditional an-
tibiotics capable of overcoming this multi-drug resistance
bacteria.

Keywords: Urinary tract infection; Biofilm for-
mation; Multidrug resistance (MDR); Klebsiella
pneumonia; Microtiter plate Method.
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Introduction

The disruption of physiological balance brought
on by a pathogenic invasion is known as a uri-
nary tract infection (UTI). Depending on the cat-
egorization of the microorganism which could
be caused by bacteria (1), fungi (2), or viruses
(3) different pathogenic mechanisms and viru-
lence factors apply. While women have a 55%
lifetime chance of UTIs, men still have a consid-
erable risk, particularly as they age (4).
Antibiotic resistance continues to be a major
global health issue with detrimental social and
economic effects. One of the most important
public health infections is exogenously resistant,
broad-spectrum betalactamase producing enter-
obacteria (ESBLE), which calls for immediate
investigation and the creation of novel medica-
tions (5).

Multidrug resistance (MDR), which is re-
sistance to one antibiotic in three or more treat-
ment classes; extensively widespread resistance
(XDR), which is resistance to most classes; and
pervasive resistance (PDR), which is resistance
to all available antibiotics, are the three standard
terms that the CDC and ECDC have agreed
upon for categorizing bacterial severity. These
descriptions outline the remaining therapeutic
options and categorize the pathogenicity of su-
perbugs (6).

Prominent infections with MDR of Kl pneu-
moniae, require ongoing observation to guaran-
tee the efficacy of empirical treatment (7). A
biofilm is a complex assembly of microbial cells
(such as bacteria or fungi) that adhere irreversi-
bly to living or inanimate surfaces and are com-
pletely immersed within a self-produced sticky
matrix of extracellular polymer (EPS) com-
posed of polysaccharides, proteins, and DNA. A
biofilm is a complex assembly of microbial cells
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(such as bacteria or fungi) that adhere irreversi-
bly to living or inanimate surfaces and are com-
pletely immersed within a self-produced sticky
matrix of extracellular polymer (EPS) com-
posed of polysaccharides, proteins, and DNA
(8). MDR of Klebsiella pneumoniae, are danger-
ous because of their virulence traits, particularly
their ability to form biofilms that invade the
host's mucosal surfaces (9).

The quorum sensing (QS) system, which con-
trols microbial communication, creates these
biofilms (10). Proteins and polysaccharides
make up 90% of the extracellular matrix (EPS)
that makes up these membranes (11). Antibiot-
ics are trapped and kept from reaching their tar-
get by this matrix, which also serves as a physi-
cal barrier and chemical shield (12). Addition-
ally, the membrane prevents white blood cells
from absorbing germs by acting as immunolog-
ical camouflage (13).

Material and Methods:

Collection of the urine sample

Between November 2025 and April 2026, 300
urine samples were taken from inpatients suffer-
ing from urinary tract infections (UTIs) at Al-
Imamain Al-Kadhimain Medical Hospital and
Al-Karama Teaching Hospital. The patient's
name, age, sex, and date of UTI diagnosis were
all included in a questionnaire used in this inves-
tigation. Hospitalized individuals had a general
urinalysis after their urine was collected in ster-
ile pee cups. Age range of the patients was be-
tween 18 and 85 years old.

Exclusion criteria

(A) include patients receiving therapy within the
last two weeks, pregnant women, children under
the age of eighteen,
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(B) Every patient with kidney abnormalities,
congenital issues, or severe autoimmune or in-
fectious disorders.

Bacterial isolate reservation

1. Temporary preservation Once the identity of
K. pneumoniae isolates was confirmed, a single
pure isolated colony was transferred to Brain
Heart Infusion Agar and Nutrient Agar slant, in-
cubated overnight at 37°C, and then stored at
4°C for a brief amount of time (a few weeks).
(14).

2. Extended preservation: After diagnosis, K.
pneumoniae isolates were stored at -20°C for
extended periods of time by moving a single
pure isolated colony to 20% glycerol with brain
heart infusion broth medium (14).

K. pneumoniae confirmation using the vitek-2

compact system:

The VITEK 2 device's antibiotic susceptibility

test (AST) of K. pneumoniae against. It is effec-

tive against ten antibiotics, which are as follows:

Ampicillin, Amoxicillin Piperacillin, Ceftriax-

one, Ciprofloxacin, Gentamicin, Amikacin,

Imipenem, Tigecycline, and Colistin; based on

the "Kinetic Photometry" technology to ascer-

tain the minimum inhibitory concentration

(MIC). In compliance with standard operating

procedures, the following standards and proce-

dures were adhered to (15).

1. Essential Conditions

e For Gram-negative bacteria, the VITEK 2
AST Card was utilized.

e 0.45% to0 0.50% NaCl is the sterile saline so-
lution.

e Densitometer is the measurement tool.

2. Protocol
e In order to prepare the sample, pure colo-
nies of K. pneumoniae are grown for 18 to

24 hours on unrestricted medium (Mac-
Conkey Agar).
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e Turbidity Adjustment: After the colonies
are moved to sterile saline, a DensiCheck
device is used to modify the density to fit
the McFarland scale (0.50 to 0.63 McFar-
land).

e (Card Inoculation: Insert the sample tube
and card into the cassette holder of the de-
vice. The bacterial suspension, which con-
tains diluted amounts of antibiotics, is auto-
matically drawn into the card channels by
the device.

e Incubation and Reading: After inserting the
card into the apparatus, it is incubated at
37°C. In order to track bacterial develop-
ment, the device automatically reads the
data every fifteen minutes.

3. Interpretation of Findings the Clinical Labor-

atory Standards Institute (CLSI) or the European

Committee for Testing and Analysis's standards

are compared to the results using the Advanced

Expert System (AES) software. It is established

what antibiotic concentration is necessary to to-

tally stop bacterial growth. The outcome is cat-
egorized by the device as (S) sensitive, (I) inter-
mediate, or (R) resistant. It is known that ESBL

(broad-spectrum beta-lactamase) enzymes are

produced by K. pneumoniae. The AES system in

the VITEK instrument will notify the VITEK 2

of the possible presence of ESBL enzymes if the

instrument displays antibiotic resistance (MIC >

2 ng/mL according to (CLSI). The VITEK 2 in-

strument is automatically configured to these

values in accordance with the Clinical Labora-
tory Standards Institute's (CLSI) requirements

(16).

1. Where it is Sensitivity Classification For an-
tibiotic (at a concentration of 30 micrograms
per tablet or its equivalent on the VITEK
card), the following classifications apply:

e Susceptible (S): If the MIC is equal to or less
than 1 microgram/mL (< 1 pg/mL).
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e Intermediate (I): If the MIC is equal to or
greater than 2 micrograms/mL (2 pg/mL).

e Resistant (R): If the MIC is equal to or
greater than 4 micrograms/mL (>4 pg/mL).

2. Significance of the result in the VITEK in-
strument (AES system): When a result of (R)
or even (I) appears for antibiotic, the VITEK
instrument, using the Advanced Expert Sys-
tem,

3. performs a phenotype analysis: ESBL en-
zyme detection: If the MIC for antibiotic is
high (> 2 (ug/mL), the device immediately
suspects that bacteria are producing ESBL

K. pneumoniae biofilm development assay

» Initial Culture: Every isolate is cultivated in
brain heart infusion (BHI) broth and cul-
tured for a full day at 37°C. figure. 1. A.

» Turbidity Adjustment: To match the 0.5
McFarland turbidity, 100 uL of the over-
night culture is added to 2 mL of regular
saline.

» Plate Preparation: Fill each well of a sterile

96-well polystyrene microtiter plate with
180 uL of BHI broth supplemented with 1%
glucose for each isolate, three replicate wells
are inoculated with 20 pL of the bacterial

AIMCI. (2026),3; (2): 91-102
doi.org/10.58564/AIMCJ3.2.2026.291

suspension; wells containing only BHI-glu-
cose broth are used as negative controls.
Biofilm Formation: Plates are covered and
incubated statically at 37°C for 24 hours.
Washing and Fixation: Planktonic cells are
aspirated, and wells are washed three times
with distilled water. Biofilms are then fixed
with

200L of absolute methanol for 10 minutes
and air-dried.

Staining: After 10 minutes of staining with
200 puL of 0.1% crystal violet (17) the adher-
ing biofilm is rinsed three times with dis-
tilled water and allowed to air dry for 30
minutes at 37°C, figure 1. B.

Measurement and Solubilization: 200 pL of
a glacial acetic acid (18) and 100% ethanol
mixture (1:1, v/v) are used to dissolve the
bound dye. At 630 nm the optical density
(OD) is determined.

Classification Based on the determined cut-
off value (ODc), isolates are categorized as
weak, moderate, strong, or non-biofilm
makers. Tablel (19).
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Figure 1. A . Cultivation of K. pneumonia in the growing medium of brain heart infusion broth (BHI) B.
Staining: with Crystal Violet.

Table 1: Classification of K. pneumonia isolates according to the adherence.

OD values Adherence Biofilm intense

<0.120 Non- adherent Non-weak biofilm producer
0.120 - 0.240 Moderately adherent Moderate

>0.240 Strong adherent High
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Results:
Identification of K. pneumoniae Isolation

Three hundred bacterial isolates from urinary
tract infection (UTI) clinical samples were ana-
lyzed and identified. The VITEK-2 system,
which is very effective at precisely identifying
the bacterial species, was used to evaluate the
isolates. K. pneumoniae was found to be present
in 93 isolates, or 31% of all isolates examined
K. pneumoniae bacteria showed big, mucous,
pink colonies typical of lactose fermentation
when cultured on MacConkey agar Figure 2.
The proportion of women was 55% (51.15)
higher than that of men 45 % (41.85) Figure 3.
This percentage shows how important this bac-
terium is as a primary cause of complicated
UTIs in the research region.

Biofilm formation detection using micro titer
plate method

The current research noted the following based
on the "strength" of biofilm formation as cate-
gorized by Optical Density (OD) 93 isolates or
31% of all isolates examined K. pneumoniae:
These strains cannot form a complete or solid
biofilm and only produce trace amounts of
EPS.38 (40.86%) Weak Producers: The EPS
produced by these strains is extremely low and
they are frequently less resilient to severe envi-
ronments and antibiotics than their counterparts
that do 25(26.88%), figure 4. The variety of cil-
iates used in extraction, the accumulation of iso-
lation-specific mutations within the biological
matrix, the variation in growth-specific iodine,
and the differences in the preservation of the
bacteria's sugar capsule are some of the causes
of this bio-oxygen diversity in K. pneumoniae
bacteria.
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Drug Resistance in Isolates That Form Bio-
films

As Table 2. illustrates, our study's findings
showed a connection between biofilm produc-
tion and antibiotic resistance. The results
demonstrated that biofilm-forming isolates dif-
fered in antibiotic resistance, ranging from re-
sistant to sensitive to intermediate, based on the
VITEK instrument employed, MIC values, and
their interpretation as resistant, sensitive, and in-
termediate (using VITEK-specific tables). Col-
istin and Tigecycline was the most successful
antibiotic against isolates that formed (moderat,
weak) biofilms.

According to the table 3. of antibiotic suscepti-
bility test findings against 30 isolates of multi-
drug-resistant K. pneumoniae, the remaining 93
isolates in this study were the 30 isolates with
the strongest biofilm formation. In the VITEK 2
system, these isolates showed different levels of
multidrug resistance. The current study's find-
ings revealed that the bacterial isolates' re-
sistance levels to 10 distinct antibiotics differed
significantly according to Table 3 and Figure 5,
the isolates were divided into three groups sen-
sitivity (S), intermediate (I), and resistant (R).
Piperacillin and Ceftriaxone (28 isolates) and
Ampicillin and Amoxicillin (30 isolates showed
the greatest rates of full resistance among the
isolates.

On the other hand, the isolates' resistance to the
other antibiotics gradually declined. Colistin
showed the resistance (12 isolates) the lowest
rate of intermediate (only 10 isolates), and (only
8 isolates) is sensitivity.
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The data were statistically examined using
GraphPad Prism software in order to verify the
scientific relevance of these variations, with a
significance level of (P < 0.001). The full com-
parison test revealed highly significant differ-
ences in the effects of various antibiotics on the
bacterial isolates. On the other hand, the isolates'
resistance to the other antibiotics gradually de-
clined. Colistin showed the resistance (12

AIMCI. (2026),3; (2): 91-102
doi.org/10.58564/AIMCJ3.2.2026.291

isolates) the lowest rate of intermediate (only 10
isolates), and (only 8 isolates)is sensitivity. The
data were statistically examined using
GraphPad Prism software in order to verify the
scientific relevance of these variations, with a
significance level of (P < 0.001). The full com-
parison test revealed highly significant differ-
ences in the effects of various antibiotics on the
bacterial isolates.

M Female(51)
H Male (42)

Figure 2: K. pneumonia positive cases by sex

YN

Figure 3. Growth of multidrug-resistant (MDR) K. pneumoniae on MacConkey agar, show-
ing characteristic large, mucoid, pink colonies due to lactose fermentation.

B Female(5
1)

Figure 3. Growth of multidrug-resistant (MDR) K. pneumoniae on MacConkey agar, show-
ing characteristic large, mucoid, pink colonies due to lactose fermentation.
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W Strong

Formation

I Moderate
Formation

D Weak
Formation

Figure 4: percentage of biofilm production k. pneumonia isolations

Table 2: The relationship between biofilm formation and antimicrobial resistance of K. pneumoniae

Antibiotic  Total Number Strong Moderate Weak
Ampicillin =~ 93(100%) 90(96.77%) 30(32.26%)  38(40.86%)  22(23.66%)
Amoxicillin =~ 93(100%) 85(91.40%) 30(32.26%) 38(40.86%)  17(18.28%)
Piperacillin ~ 93(100%) 80(86.02%) 30(32.26%)  38(40.86%)  12(12.90)
Ceftriaxone  93(100%) 80(86.02%) 30(32.26%)  38(40.86%)  12(12.90)
Ciprofloxacin = 93(100%) 65(69.89%) 30(32.26%)  34(36.56%)  1(1.08%)
Gentamicin  93(100%) 70(75.27%) 30(32.26%)  38(40.86%)  2(2.86%)
Amikacin 93(100%) 50(53.76%) 30(32.26%)  19(20.43%)  1(1.08%)
Imipenem 93(100%) 40(43.01%) 30(32.26%)  9(9.68%) 1(1.08%)
Tigecycline  93(100%) 30(32.26%) 30(32.26%)  0(0.00%) 0(0.00%)
Colistin 93(100%) 20(21.51%) 20(21.51%)  0(0.00%) 0(0.00%)

Table 3: Antibiotic susceptibility test findings against 30 isolates of MDR K. pneumoniae

Antibiotics Resistant Intermediate = Sensitive
NO (%) NO (%) NO (%)
Ampicillin 30(100%) 0 0
Amoxicillin 30(100%) 0 0
Piperacillin 28 (93.33%) 1 (3.33%) 1(3.33%)
Ceftriaxone 28 (93.33%) 1(3.33%) 1(3.33%)
Ciprofloxacin 25(83.33%) 2(6.66%) 3(10.0%)
Gentamicin 24(80.0%) 4(13.33%) 2 (6.66%)
Amikacin 23(76.7%) 5(16.7%) 2(6.7%)
Imipenem 19(63.3%) 7(23.3%) 4(13.3%)
Tigecycline 18(60.0%) 8(26.66%) 4(13.33%)
Colistin 12(40.0%) 10(33.33%) 8(26.66%)

Ot

The journal is licensed under a Attribution 4.0 International (CC BY 4.0).

Page | 97



Detection of the Grade of Biofilm Formation and Its
Correlation with Antibiotic Resistance Among
Klebsiella Pneumoniae Isolated from Iraqi Patients
with Urinary Tract Infections

40+

AIMCI. (2026),3; (2): 91-102
doi.org/10.58564/AIMCJ3.2.2026.291

ke

30+

20+

Percentage%

10+

mm R
= |
= S
& N N N
_‘p"\ & & & S &
o\'b & é\Q ) 3
cd R
Antibiotics

Fioure 5: Antihiotic snscentihilitv test results acainst K nneumoniae

Discussion

Distribution of the UTIs caused by K. pneu-
moniae

According to the current study's findings,
women are more prone than men to urinary tract
infections (55%,45%), respectively which is in
line with the research done by (21). Physical
characteristics like the shorter urethra and close
closeness of the anus, as well as biochemical
changes like decreasing estrogen levels, are re-
sponsible for the increased frequency in women
(22) and since UTTs are linked to prostate issues
in older men (23). increased disease virulence.
We observe an increased incidence of resistant
bacteria in women of reproductive age and post-
menopausal women for several reasons, includ-
ing hormonal changes, weakened imunity, and
the shortened distance between the urethra and
bladder. We also note that the 51-85 age group
and older exhibited increased virulence of MDR
bacteria. It is well known that the immune sys-
tem is less efficient at these ages, which aligns
with clinical studies indicating weakened im-
munity of the urinary tract at this age (24). Sim-
ilarly, we generally over 60 years, compared to
younger men, due to the increased prevalence of
prostate problems and the strength and timing of

biofilm formation. Biofilm formation and the
frequent failure of conventional antibiotics to
penetrate the biofilm in bedridden elderly pa-
tients are significant challenges. Klebsiella's
ability to produce a biofilm in urine is the key to
its difficulty in eradication: After 24 hours: Mi-
crocolonies begin to settle and form a primary
protective layer. After 48 hours: The biofilm
reaches full stability, becoming 1000 times more
resistant to antibiotics than normal bacteria (25).
It is crucial to note that modern treatment proto-
cols no longer focus solely on killing the bacte-
ria, but also on using biofilm dissolvers or diu-
retics to prevent initial settlement within the first
24 hours. This underscores the importance of in-
itiating treatment early to prevent disease pro-
gression and increased bacterial virulence. Ad-
ditionally, out of 93 K. pneumoniae isolates, the
clinical isolates that caused recurrent urinary
tract infections were the most virulent and re-
sistant to antibiotics, with a resistance rate of
88.17%. This is in line with the research done by
(26). showed a clear ability to form weak bio-
films in vitro, this does not preclude them from
possessing the genetic content necessary for
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strong binding and robust biofilm formation un-
der suitable environmental conditions or selec-
tive pressures within the host. This is what we
uncovered during research, where observed a
significant change in the biological behavior of
K. pneumoniae isolates in a group of long-term
hospitalized patients through routine follow-up
and field visits. One of the most important find-

ings of this study is Klebsiella.

Detection of biofilm formation by using micro-
titer plate method

88.17% of K. pneumoniae isolates formed bio-
films, where it was found that [32.26%] was
highly biofilm-forming, [40.86%] was moder-
ately Dbiofilm-forming, and [26.88%] was
weakly biofilm-forming them highly resistant to
antibiotics. are consistent with the study (27).
However, our results revealed that the majority
of K. pneumoniae isolates formed biofilms
strongly and moderately, which is inconsistent
with the study by Karimi K et al. (28), they dis-
covered that only 20% of K. pneumoniae iso-
lates were strongly biofilm-forming. Although a
small proportion of the clinical isolates studied
showed a clear ability to form weak biofilms in
vitro, this does not preclude them from pos-
sessing the genetic content necessary for strong
binding and robust biofilm formation under suit-
able environmental conditions or selective pres-
sures within the host. This is what we uncov-
ered during research, where observed a signifi-
cant change in the biological behavior of K.
pneumoniae isolates in a group of long-term
hospitalized patients through routine follow-up
and field visits. One of the most important find-
ings of this study is K. pneumoniae's remarkable
ability to adapt to the host environment.
Through clinical monitoring of urine samples,
we found that isolates that initially exhibited
limited biofilm formation and high sensitivity to
treatment eventually acquired sophisticated de-
fense mechanisms, rendering them resistant to
multiple drugs and capable of forming highly

A AIMCI. (2026),3; (2): 91-102
i doi.org/10.58564/AIMCJ3.2.2026.291

cohesive biofilms after several months. This
leads us to a crucial conclusion: all K. pneu-
moniae strains possess the latent genetic capac-
ity to produce biofilms as a survival strategy,
which only manifests in response to specific en-
vironmental and clinical stressors these result of
present study are consistent with the study This
is consistent with the previous study (29), which
found that all K. pneumoniae isolates have the
ability to form biofilms. According to the stud-
ies Modern bacteria have the ability to penetrate
and bind to urinary epithelial cells, which pro-
motes the proliferation of bacterial communities
within the cells of the bladder (30).

Drug resistance of biofilm formation by bacte-
rial isolates

According to results, all biofilm-forming K.
pneumoniae isolates were 96.77% resistant to
ampicillin, amoxicillin 91.4%, 86.02% Pipera-

cillin  Ceftriaxone 86.02%, ciprofloxacin
69.89%, Gentamicin  75.27%, Amikacin
53.76%, Imipenem 43.01%, Tigecycline

32.26%, and Colistin 21.51%. These results are
consistent with those of previous research by
Nerwati et al. (31), which found a high percent-
age of resistance to aminoglycosides, fluoro-
quinolones, and cephalosporins (32).

The excessive and careless use of beta-lactam
antibiotics (like ampicillin and amoxicillin) in
clinical and community settings is thought to be
the cause of the high resistance rates found in
the current study's results (30 isolates of K.
pneumoniae multidrug-resistant (MDR)). This
hypothesis was conclusively supported by sta-
tistical analysis using GraphPad Prism software;
the extremely significant statistical value (P <
0.001) shows a genuine and significant differ-
ence in the effectiveness of the investigated an-
tibiotics.

This significant statistical difference shows that,
in comparison to conventional antibiotics, the
isolates still show comparatively strong sensi-
tivity to more recent or powerful antibiotics like
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colistin, tigecycline, and imipenem. The limited
use of an antibiotic like colistin as a first-line
treatment due to its possible nephrotoxicity,
which has maintained its biological efficacy
against the examined isolates, is responsible for
its statistical and clinical superiority in display-
ing the lowest resistance rates (33). These find-
ings are in line with the statistical variations
found in many domestic and international stud-
ies (34). The declining effectiveness of earlier
antibiotics and the emergence of multidrug re-
sistance (MDR).

Conclusion

The vast majority of K. pneumoniae isolates re-
sponsible for urinary tract infections are capable
of forming biofilms and have demonstrated re-
sistance to a wide range of antibiotics, indicating
the existence of multidrug-resistant bacteria.
This opens promising avenues for reformulating
strategies to combat bacteria by introducing un-
conventional biological and chemical agents
with attack mechanisms entirely different from
traditional antibiotics, or that enhance their ef-
fectiveness when combined with them. The
modern approach focuses on using natural, bio-
active compounds and precise chemical inhibi-
tors that are low or no toxicity to human cells
but highly toxic to bacteria. These agents not
only kill the bacterial cell but also disrupt viru-
lence factors, such as targeting the structure of
biofilms and disrupting cell-to-cell communica-
tion (Quorum Sensing). This shift towards com-
plementary and alternative medicine in clinical
laboratories represents the greatest hope for
breaking the cycle of drug resistance and provid-
ing effective and safe treatment options capable
of controlling urinary tract infections. So more
studied should be done to prevent the develop-
ment of multi-drug-resistant bacteria.
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