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Background: Klebsiella pneumoniae is a significant pathogen responsible for a wide range
of infections, particularly urinary tract infections (UTIs). We aimed to determine the
prevalence of extended-spectrum beta-lactamase (ESBL)-producing Klebsiella strains and
analyze their antibiotic resistance patterns in isolates collected from patients in three
hospitals in Isfahan, Iran.

Methods: This study was conducted over a 13-month period (2022-2023) in three
educational hospitals in Isfahan, Iran. Out of 350 clinical specimens obtained from patients
with UTIs, wounds, blood, and sputum, 142 Klebsiella isolates (40.5%) were identified
and isolated according to standard methods. Antibiotic susceptibility was tested using the
disk diffusion method according to CLSI standards, and ESBL production was confirmed
using the combined disk method.

Results: Among the 142 isolates, 113 (31%) were derived from urine, while 29 (8.2%)
were from wounds, sputum, and blood samples. Antibiotic resistance was highest against
nitrofurantoin (45.5%), sulfamethoxazole (44.8%), and nalidixic acid (41.3%). In contrast,
the most effective antibiotic was amikacin, with an 85.7% susceptibility rate. Additionally,
125 isolates (88%) of were identified as ESBL positive showed resistant to at least 6
antibiotics used in this study.

Conclusion: Amikacin remains the most effective antibiotic against Klebsiella species.
However, the increasing prevalence of ESBL-producing strains poses a critical challenge
for treating hospital-acquired infections. These findings highlight the need for rigorous
antibiotic stewardship and infection control measures to mitigate the spread of resistant
Klebsiella strains.

Keywords: Klebsiella, Urinary tract infections, Antibiotic resistance, Extended-spectrum
beta-lactamase

Introduction

Klebsiella pneumoniae, a member of the
Enterobacteriaceae family,
negative bacillus commonly found as part
of the intestinal microbiota (1). While it

typically exists as a commensal organism,
K. pneumoniae is also a prominent
opportunistic pathogen responsible for
various infections, including urinary tract

IS a gram-
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infections (UTIs), pneumonia, septicemia,
and wound infections. In women,
especially  younger individuals, the
anatomical proximity of the urinary and
genital tracts to the anal region increases
susceptibility to UTIs caused by this
pathogen. After Escherichia coli, K.
pneumoniae is the second most common
cause of UTIs, emphasizing its clinical
importance (2-4).

Antibiotic resistance in Klebsiella is a
significant  concern, particularly in
healthcare settings, where it is a leading
cause of nosocomial infections. Resistance
arises from intrinsic mechanisms and
acquired factors, such as the horizontal
transfer of resistance genes via plasmids,
transposons, and integrons (5).
Predominant resistance mechanisms in K.
pneumoniae include the production of
extended-spectrum beta-lactamases
(ESBLs), alterations in  membrane
permeability, biofilm formation, and efflux
pump overexpression (6, 7). ESBLs, in
particular, hydrolyze a wide range of beta-
lactam antibiotics, including penicillins,
cephalosporins, and monobactams,
rendering these treatments ineffective (8).
The widespread presence of ESBL-
producing K.  pneumoniae  strains
complicates the management of hospital-
acquired infections, as these strains are
often multidrug-resistant (MDR). This
resistance contributes to higher morbidity,
mortality, prolonged hospital stays, and
increased healthcare costs. Factors such as
overuse of antibiotics, inadequate antibiotic
susceptibility testing, and insufficient
infection  control measures  have
exacerbated the issue (9). Therefore,
detection of ESBL production is critical for
effective treatment and infection control.
Given the rising prevalence of antibiotic-
resistant K. pneumoniae in Isfahan, we
aimed to investigate the phenotypic
diversity, ESBL production, and antibiotic
resistance patterns of Klebsiella isolates
from clinical specimens obtained in three
hospitals. The findings aim to inform
strategies for mitigating the spread of

resistant strains and optimizing therapeutic
approaches.

Materials and Methods

Study design and sample collection

This study was conducted over a 13-month
period (2022-2023) in three educational
hospitals in Isfahan, Iran. A total of 350
patients, comprising 185 hospitalized
patients and 165 outpatients, were enrolled.
The sample population consisted of 265
females and 85 males. Clinical specimens
included 280 urine samples (80%), 42
wound swabs (12%), 15 sputum samples
(4.3%), and 13 blood samples (3.7%).
Samples were collected using sterile
containers and transported to the
microbiology laboratory within 2 hours
under refrigerated conditions (4°C) to
maintain sample integrity.

Sample Size Rationale

The sample size of 350 patients was
determined based on a preliminary analysis
to ensure sufficient power for detecting
significant  differences in  antibiotic
resistance patterns. This sample size was
also guided by hospital admission rates and
prevalence estimates of K. pneumoniae in
similar studies.

Isolation and identification of Klebsiella
isolates

Specimens were cultured on Blood Agar,
MacConkey Agar, and Xylose Lysine
Deoxycholate (XLD) agar and incubated
aerobically at 37 °C for 24 hours. After
incubation, mucoid colonies suggestive of
Klebsiella were subjected to Gram staining
to confirm  gram-negative  bacilli
morphology.  Afterward, to accurate
identification of Kelbsiella all isolates were
subjected to differential biochemical tests
such as MR/VP, urease, lysine iron agar,
TSI (Triple Sugar Iron Agar), SIM (Sulfide,
Indole, Motility), simon citrate, arginine,
and ornithine decarboxylase to accurate
identification. The results of these
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biochemical tests were compared with
standard reference tables for species
identification (10).

Determination of antibiotic susceptibility
of isolates

Antibiotic  susceptibility testing was
performed using the disk diffusion (Kirby-
Bauer) method in accordance with CLSI
2022 guidelines (11). Isolates were first
grown in Tryptic Soy Broth (TSB) at 37 °C
for 18-24 hours. The bacterial suspension
was standardized to a turbidity of 0.5
McFarland (approximately 1.5 x 108
CFU/mL). A sterile swab was used to
inoculate Mueller-Hinton agar (Merck,
Germany) plates evenly. Antibiotic disks
(Cefotaxime (30 pg), Ceftizoxime (30 ug),
Amikacin (30 ug), Nalidixic acid (30 ug),
Ciprofloxacin (30 pg), Nitrofurantoin (30
Kg), and Sulfametoxazole (30 ug) (Padtan
Teb Iran) were placed on the agar, and
plates were incubated at 37 °C for 24 hours.
K. pneumoniae ATCC 700603 was used as
a control strain. Zone diameters were
measured and interpreted as susceptible (S),
intermediate (1), or resistant (R) based on
CLSI standards. Beta-lactamase production
was determined using the combined disk
method. Data were analyzed using
WHONET version 5.6 software.

Statistical Analysis

Statistical analysis was performed to
validate the results. Antibiotic resistance
percentages were calculated, and chi-
square tests were used to compare
resistance patterns between different

sample types. A P-value of <0.05 was
considered statistically significant.

Results

Out of 350 clinical samples, 142 K.
pneumoniae isolates  (40.5%)  were
identified. These comprised 113 isolates
(80%) from urine samples and 29 isolates
(20%) from wound, sputum, and blood
specimens. A chi-square test revealed a
statistically significant association between
the type of clinical sample and the
frequency of K. pneumoniae isolates (y> =
58.92, P < 0.001), indicating a higher
prevalence in urine samples compared to
other sample types.

Antibiotic  susceptibility testing was
performed on all 142 isolates using seven
antibiotics (Table 1). The highest resistance
rates were observed for nitrofurantoin
(45.5%, 65/142 isolates), sulfamethoxazole
(44.8%, 64/142), and nalidixic acid (41.3%,
59/142). Statistical analysis (chi-square
test) showed significant differences in
resistance rates among the tested antibiotics
(x*=74.31, P <0.001). The most effective
antibiotics were amikacin, with 85.7%
(122/142 isolates) susceptibility,
ciprofloxacin  (79.3%, 113/142), and
ceftizoxime (66.7%, 95/142). Pairwise
comparisons using Fisher's exact test
indicated significantly higher susceptibility
rates for amikacin compared to
nitrofurantoin and sulfamethoxazole (P <
0.01).

Table 1: Results of antibiotic susceptibility of Klebsiella isolated from patients samples.

Antibiotic Susceptible  Resistant (%) Intermediate  Breakpoints
Cefotaxime 53 20.8 26 23-25
Ceftizoxime 66.7 29.6 3.7 22-24
Amikacin 85.7 12.5 1.8 15-16
Nalidixic acid 54 41.3 4.7 14-18
Ciprofloxacin 79.3 20.7 52 16-20
Nitrofurantoin 36.8 45,5 15.9 15-16
Sulfamethoxazole 50 44.8 5.2 11-15
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Among the 142 isolates, 88% (125/142)
were positive for ESBL which resistant to
at least three antibiotics, demonstrating a
high prevalence of multidrug resistance
(MDR). The association between ESBL
and sample type was statistically significant
(x> = 25.67, P < 0.01), with higher ESBL
rates in urine isolates compared to other
samples.

The results highlight a concerning trend of
multidrug resistance among K. pneumoniae

801

isolates,  with  nitrofurantoin  and
sulfamethoxazole showing particularly
high resistance rates. The high efficacy of
amikacin suggests its potential as a first-
line treatment for infections caused by this
bacterium. However, the increasing
resistance to commonly used antibiotics
underscores the need for regular
susceptibility monitoring and tailored
antibiotic stewardship programs (Figure 1).

m Susceptible (%)
EEm Resistant (%)
Intermediate (%)

Percentage (%)
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Figure 1: The chart illustrates the percentages of susceptible, resistant, and intermediate isolates of K.
pneumoniae for each tested antibiotic. The green susceptible isolates, red resistant isolates, and orange
intermediate isolates.

Discussion

Antibiotic resistance among K. pneumoniae
isolates represents a critical challenge in
healthcare settings, particularly in hospital
environments where the prevalence of
multidrug-resistant (MDR) strains is rising.
In this study, resistance rates were highest
for nitrofurantoin (45.5%),
sulfamethoxazole (44.8%), and nalidixic
acid (41.3%), while amikacin demonstrated
the highest efficacy, with 85.7%
susceptibility. The findings align with

global reports of K. pneumoniae as a
leading cause of nosocomial infections,
highlighting the urgent need for strategies
to combat resistance (12).

The prevalence of ESBL-producing K.
pneumoniae isolates in this study (88%)
reflects the significant role of ESBL
enzymes in mediating resistance. These
enzymes, which degrade a broad range of
beta-lactam antibiotics, often co-occur with
resistance to other drug classes, further
limiting therapeutic options. The high
levels of resistance to nitrofurantoin
observed here are concerning and differ
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from lower rates reported in earlier studies,
who found resistance rates of 31.3% (13)..
This discrepancy may be attributed to
regional variations in prescribing practices
and the selection pressures unique to the
study area. Similarly, while amikacin
remains highly effective, consistent with a
study (14), variations in resistance rates
reported across regions underscore the need
for local susceptibility testing to guide
empirical treatment.

The clinical and public health implications
of these findings are profound. The overuse
and misuse of antibiotics have exacerbated
resistance, emphasizing the need for
antimicrobial ~ stewardship  programs
tailored to local resistance patterns (15).
Such programs can help optimize antibiotic
use, reducing the emergence of resistant
strains. Additionally, the high prevalence of
MDR K. pneumoniae necessitates stringent
infection control measures, including active
surveillance of hospitalized patients and
robust environmental decontamination
protocols. Amikacin’s continued efficacy
supports its use as a first-line treatment in
many regions, but its effectiveness must be
monitored  closely  through  regular
susceptibility testing (16).

The broader public health impact of
antibiotic resistance in K. pneumoniae
extends beyond clinical management. The
rapid dissemination of resistant strains in
healthcare settings poses a significant threat
to global health, requiring policymakers to
invest in enhanced surveillance systems
and research into alternative treatments.
Potential solutions, such as bacteriophage
therapy and antimicrobial peptides,
represent promising avenues for addressing
this growing crisis (17, 18).

While this study provides valuable insights
into the resistance patterns of K.
pneumoniae isolates in Isfahan, certain
limitations must be acknowledged. The
single-center design may limit the
generalizability of the findings, and
molecular analyses to identify specific
resistance genes were not conducted.
Future research should focus on genomic

characterization of resistant strains and
explore novel therapeutic approaches to
combat MDR K. pneumoniae. Addressing
these challenges will require a coordinated
effort among clinicians, researchers, and
policymakers to mitigate the impact of
antibiotic resistance on public health (19,
20).

Conclusion

This study highlights the urgent need to
address  antibiotic resistance in K.
pneumoniae,  particularly  the  high
prevalence of MDR and ESBL producing
strains. While amikacin remains highly
effective, rising resistance to commonly
used antibiotics like nitrofurantoin and
sulfamethoxazole underscores the
importance of antimicrobial stewardship
programs, routine susceptibility testing, and
strict infection control measures in
healthcare settings. To combat this growing
threat, it is essential to explore alternative
therapies such as bacteriophage therapy and
antimicrobial peptides, invest in
surveillance systems, and promote rational
antibiotic use. Future research should focus
on understanding  the molecular
mechanisms of resistance and developing
strategies to mitigate the impact of MDR
Klebsiella infections on public health.
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