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ARTICLE INFO Abstract

Background. Klebsiella pneumoniae (KP) is one of the most important causes of
Article History: hospital-acquired infection and one of the most important causes of ventilator-associated
Received: 03/Sep/2023 pneumonia. During the present study, we investigated the resistance to fluoroquinolones
Accepted:29/Jan/2024 among KP isolates collected from patients referred to hospitals affiliated with Ardabil

ePublished: 17/Nov/2024 University of Medical Sciences in 2020.
Methods. In this descriptive, cross-sectional study, the minimum inhibitory

Keywords: concentration (MIC) of ciprofloxacin (CLX) was determined by the agar dilution
o Klebsiella pneumoniae method, and mutations in the gyrA and parC genes and the presence of resistance genes,
e Ciprofloxacin such as accA, gnr, and gepA, were evaluated using the polymerase chain reaction
 Minimal inhibitory method.

concentration Results. Out of 100 isolates, 43% (n=43) were resistant to CLX. The MIC range of CLX

was 0.5 pg/mL to 1024 pg/mL. Isolates with a high MIC of CLX were investigated for
mutations in the gyrA and parC genes. In the investigation of mutations in gyrA, a
substitution from serine to isoleucine was observed at position 83, while no mutation
was found in parC. In 10 isolates (10%), the presence of the aac (6")-1b-cr gene was
detected, while gepA and gnr resistance genes were not observed in any of the isolates.
Conclusion. Based on the findings, a high frequency of the aac (6')-1b-cr gene was
reported in this study. Since this gene is located on a plasmid, it can be easily transferred
between KP strains in a hospital setting and leads to the spread of resistance to
fluoroquinolones.

Practical Implications. The emergence of bacterial resistant strains is on the rise and has
become a serious public health problem worldwide. Infection with these strains leads to
complicated diseases with worse outcomes, prolonged hospitalization, increased
healthcare costs, an increased need to use second-line drugs with costs, and treatment
failures.
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Extended Abstract

Background

Klebsiella pneumoniae (KP) is a member of the
Enterobacteriaceae family involved in nosocomial
infections such as ventilator-associated pneumonia,
urinary tract infection, wound infection, meningitis,
bacteremia, and sepsis, mainly in
immunocompromised individuals. Diabetes,
alcoholism, malignancy, liver disease, and
glucocorticoid therapy are the main risk factors for
developing infections related to KP. Ciprofloxacin
(CLX) is the most widely used fluoroquinolone in the
treatment of microbial infections. In recent years,
resistance to this antibiotic has increased due to its
high use. Resistance to fluoroquinolones occurs
through several mechanisms, the most important of
which is mutation in quinolone resistance-
determining regions, which is a genetic region
containing gyrA and gyrB genes (coding for DNA
gyrases), as well as parC and parE genes (coding for
topoisomerase 1V). In addition, plasmid-mediated
guinolone resistance (PMQR) has also been
identified. The genes related to PMQR are the gnrA,
gnrB, and gnrS genes, which encode gnr proteins and
are DNA gyrase and topoisomerase enzymes.
Another mechanism of resistance to fluoroquinolones
is the acc(6)-Ib-cr gene, which encodes the
aminoglycoside transferase enzyme that acetylates
and inactivates the antibiotic. The present work
investigated resistance to fluoroquinolones among
KP isolates recovered from patients admitted to
teaching hospitals affiliated with Ardabil University
of Medical Sciences.

Methods

In this cross-sectional descriptive study, after
obtaining the ethical code and written informed
consent from patients, KP isolates (n = 100) were
isolated from clinical samples, including urine,
wound aspirate, tracheal aspirate, body fluids, and
blood. Biochemical and molecular methods were
employed for the identification of KP strains. The
inclusion criteria were patients who had a clinically
positive culture with respect to KP, while the

exclusion criteria were people whose clinical culture
showed bacteria other than KP and patients who had
taken antibiotics. Antimicrobial susceptibility against
imipenem 10 pg, meropenem 10 pg, CLX 5 pg,
amikacin 30 pg, gentamicin 10 pg, ceftazidime 30
ng, cefotaxime 30 pg, cefazolin 30 pg, and cefepime
30 pg (Padtan Teb. Iran) were measured using the
disk diffusion method, according to CLSI 2019
guidelines. In this test, Escherichia coli (E. coli)
ATCC25922 was used as the control. Resistance to at
least three classes of antibiotics was defined as
multiple drug resistance (MDR). The minimum
inhibitory concentration (MIC) of CLX was
measured using the agar dilution method, and
mutations in the gyrA and parC genes and the
presence of resistance genes, such as accA, gnr, and
gepA, were evaluated using the polymerase chain
reaction method.

Results

Out of 100 isolates, 49% (n = 49) were MDR
strains, and 43% (n = 43) were resistant to CLX. The
MIC range of CLX was 0.5 pg/mL to 1024 pg/mL.
Isolates with a high MIC of CLX were investigated
for mutations in gyrA and parC genes. In the study of
mutations in GyrA, a substitution from serine to
isoleucine was observed at position 83, while no
mutation was found in ParC. About 10% of the
isolates harbored plasmids containing the aac (6")-1b-
cr gene, while gepA and gnr resistance genes were
not found in any of the isolates. The aac(6’)-1b-cr
gene was submitted in the GenBank with the code
OM831130.1.

Conclusion

Antibiotic resistance is an ongoing problem
worldwide. Gram-negative bacteria, especially
Enterobacteriaceae family members, have developed
the broadest spectrum of resistance to the most
available antibiotics through different mechanisms
such as active efflux pumps, decreased permeability,
antibiotic—depredating enzymes, target modification,
and antibiotic neutralization. KP is one of the most
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important causes of hospital-acquired infection,
especially in the intensive care unit and neonatal
intensive care unit, and can cause opportunistic
infection in people who have underlying diseases
such as diabetes and chronic pulmonary obstruction
disease. This bacterium is the second most important
cause of urinary tract infection after E. coli, and
along with Acinetobacte baumannii, it develops life-
threating pulmonary complications in a person who
is on a ventilator. Many strains of KP have broad-
spectrum  beta-lactamases, including extended-
spectrum beta-lactamases, AmpC cephalosporinases,
and carbapenemases, which are involved in
resistance to third-generation cephalosporin and
carbapenem antibiotics. Carbapenem-resistant KP
(CRKP) has emerged as a major threat due to its
ability to cause severe and untreatable infections in
immunocompetent or immunocompromised
individuals. Although the best treatment for
managing CRKP infections is not well understood,

the use of non-beta-lactam classes of antibiotics such
as fluoroquinolones as monotherapy or in
combination may be useful. Fluoroquinolones have
broad-spectrum activity against Gram-positive and
Gram-negative bacteria and have been widely used
since the 1980s. It can be utilized as a choice against
CRKP strains. However, currently, resistance to this
class of antibiotic has quickly risen due to its misuse
and overuse, thereby limiting the available
therapeutic options and treatment failure. In the
present work, high-level resistance to CLX was
observed, limiting treatment options for combating
KP-mediated infections. aac (6")-1b-cr is a plasmid-
mediated resistance gene that was detected in 10% of
isolates; therefore, it can be easily transmitted
through a horizontal gene transfer mechanism. In this
regard, the isolation of patients who are infected with
these hypervirulent strains should be critically noted.
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