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ABSTRACT

Background: The Gram-negative pathogen Pseudomonas aeruginosa (P.
aeruginosa) is a common cause of hospital-acquired infections. This bacterium
is continuously increasing its resistance to commonly used antimicrobial drugs,
posing significant challenges for clinical treatment. Therefore, this study aimed
to investigate the trend of antibiotic resistance in P. aeruginosa from 2019 to
2023 in hospitals in Ardabil city.

Methods: This cross-sectional descriptive study utilized 200 clinical isolates of
P. aeruginosa obtained from urine, respiratory, wound, blood, and
cerebrospinal fluid samples of patients who visited Ardabil hospitals between
June 2019 and May 2023. The sensitivity and resistance of P. aeruginosa
isolates to antibiotics-including piperacillin, piperacillin / tazobactam,
ceftazidime, cefepime, aztreonam, imipenem, meropenem, amikacin,
tobramycin, netilmicin, ciprofloxacin, ofloxacin, norfloxacin, levofloxacin, and
colistin-were assessed using the disk diffusion and agar dilution methods.
Results: Over a period of 4 years, the resistance of P. aeruginosa to various
antibiotics was observed as follows: piperacillin 45.5%, piperacillin/tazobactam
31%, ceftazidime 44%, cefepime 46%, aztreonam 12%, imipenem 67.5%,
meropenem 52%, amikacin 43%, tobramycin 45.5%, netilmicin 39.2%,
ciprofloxacin 55.5%, ofloxacin 62%, norfloxacin 53.5%, levofloxacin 55.5%,
and colistin 9%. It is worth mentioning that the trend of antibiotic resistance in
P. aeruginosa to all tested antibiotics increased during the first and second
years, decreased in the third year, and then experienced a significant increase
again in the fourth year. Throughout this period, the emergence of multidrug-
resistant (MDR) strains of P. aeruginosa has also been on the rise.

Conclusion: The present study confirmed that the overall trend of resistance to
various antibiotics among P. aeruginosa strains isolated from patients in
Ardabil is on the rise.
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Extended Abstract

Background:  Antimicrobial agents are
pharmaceutical compounds used to prevent
and treat infectious diseases in humans,
animals, and plants. However, one of the
most urgent global health challenges today is
antibiotic  resistance,  which  greatly
complicates the treatment of infections
caused by drug-resistant pathogens. Estimates
indicate that bacterial infections resistant to
antimicrobial ~ drugs  directly  caused
approximately 1.27 million deaths worldwide
in 2019. In response to this growing concern,
the World Health Organization (WHO)
classified antibiotic-resistant bacterial
pathogens into three priority levels in 2017-
critical, high, and medium-based on the
urgency of developing new antibiotics to
combat these infections. The critical priority
group includes Acinetobacter, Pseudomonas,
and various members of the
Enterobacteriaceae ~ family  (such  as
Klebsiella, Escherichia coli, Serratia, and
Proteus). These pathogens exhibit multidrug
resistance and are responsible for severe and
often fatal infections, including bloodstream
infections and pneumonia. Among these
pathogens, Pseudomonas aeruginosa (P.
aeruginosa) is a Gram-negative opportunistic
bacterium commonly found in hospital
settings, especially in intensive care units
(ICUs). It is a major causative agent of
hospital-acquired infections, affecting the
lungs, bloodstream, urinary tract, surgical
sites, and soft tissues. The standard treatment
for P. aeruginosa infections typically
involves beta-lactam antibiotics,
fluoroquinolones, and  aminoglycosides,
either as monotherapy or in combination.
However, studies indicate that 13% of
nosocomial infections are attributed to
multidrug-resistant (MDR) strains of P.
aeruginosa, making treatment increasingly
challenging due to limited therapeutic
options. Given the high prevalence of MDR
P. aeruginosa strains observed in our
previous study in Ardabil, continuous
monitoring of antibiotic resistance trends
among clinical isolates is essential to guide

optimal drug selection and prevent treatment
failure. Therefore, this study aims to analyze
the trends in antibiotic resistance of P.
aeruginosa isolates collected from hospitals
in Ardabil from 2019 to 2023.

Methods: In this cross-sectional descriptive
study, 200 clinical isolates of P. aeruginosa
were analyzed. These isolates were collected
from urine, respiratory, wound, blood, and
cerebrospinal fluid samples of patients who
were referred to Ardabil hospitals between
June 2019 and May 2023. The initial
identification of P. aeruginosa was conducted
using biochemical tests (oxidase positive,
catalase positive, and urease positive), Gram
staining (Gram-negative bacillus), the OF test
(oxidative), and IMVIC tests (citrate positive,
TSI: alkaline/alkaline). Subsequently, the
identification was confirmed through PCR
amplification of the ITS region. The
antibiotic susceptibility of the isolates was
assessed using the disk diffusion method for
piperacillin (100 pg), piperacillin/tazobactam
(100/10 pg), ceftazidime (30 pg), cefepime
(30 pg), aztreonam (30 pg), imipenem (10
pg), meropenem (10 pg), amikacin (30 pg),
tobramycin (10 pg), netilmicin (30 pg),
ciprofloxacin (5 pg), ofloxacin (5 pg),
norfloxacin (10 pg), and levofloxacin (10 pg).
In addition, the agar dilution method was
used to determine the resistance pattern of P.
aeruginosa to colistin.

Results: In this study, 103 clinical isolates of
P. aeruginosa were obtained from male
(51.5%) and 97 isolates from female patients
(48.5%). These isolates were sourced from
various hospitals: 107 strains from Imam
Khomeini hospital, 54 strains from Alavi
hospital, 24 strains from Imam Reza hospital,
6 strains each from Bu-Ali and Sabalan
hospitals, 2 strains from Fatemi hospital, and
1 strain from Qaem hospital. Additionally,
the isolates were recovered from various
sample types, including urine (91 isolates,
45.5%), sputum (53 isolates, 26.5%), wounds
(30 isolates, 15%), blood (25 isolates,
12.5%), and cerebrospinal fluid (1 isolate,
0.5%). The highest isolation rates of bacterial
strains were observed in men (51.5%),
patients aged 61 to 75 years (33.5%), urine
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samples (45.5%), and Imam Khomeini
hospital (53.5%). The highest rate of
antibiotic resistance in P. aeruginosa isolates
from men (33%) and women (34.5%) was
related to imipenem. The highest antibiotic
resistance rate of clinical P. aeruginosa
isolates in different age groups was observed
in the 61 to 75 years age group. The highest
antibiotic resistance of clinical isolates in
various samples was as follows: respiratory to
ofloxacin  (28.5%), wurine to ofloxacin
(57.9%), wound to ofloxacin (14.2%), and
blood to ofloxacin (11.9%). The highest
antibiotic resistance of clinical P. aeruginosa
isolates from various hospitals in Ardabil was
as follows: Imam Khomeini hospital to
imipenem (35.5%), Imam Reza hospital to
ciprofloxacin (10.5%), Bu-Ali hospital to
imipenem (2%), Alavi hospital to netilmicin
(25%), and Sabalan hospital to imipenem
(1.5%). It is noteworthy that the prevalence of
MDR P. aeruginosa strains was 28% in men
and 28.5% in women. The highest isolation
rate of MDR strains was from individuals
aged 61 to 75 years (20%). Many MDR
strains were isolated from urine samples of
patients (22.5%), and Imam Khomeini
hospital accounted for 29.5% of all MDR
cases. Over the four-year period, the

resistance rates of P. aeruginosa to various
antibiotics were as follows: piperacillin
45.5%, piperacillin/tazobactam 31%,
Ceftazidime 44%, cefepime 46%, aztreonam
12%, imipenem 67.5%, meropenem 52%,
amikacin ~ 43%,  tobramycin:  45.5%,
netilmicin:  39.2%, ciprofloxacin 55.5%,
ofloxacin ~ 62%,  norfloxacin  53.5%,
levofloxacin 55.5%, and colistin 9%. The
trend of drug resistance in P. aeruginosa to
all tested antibiotics increased in the first and
second years, decreased in the third year, and
then relatively sharply increased again in the
fourth year. Overall, the trend of the
emergence of MDR P. aeruginosa strains was
also increasing.

Conclusion: The findings of this study
indicate a rising trend in antibiotic resistance
among P. aeruginosa isolates in Ardabil over
the past four years. To mitigate this
increasing resistance, the following measures
are recommended: 1) raising public
awareness about antibiotic resistance and its
consequences, 2) ensuring appropriate
prescription and rational use of antibiotics,
and 3) implementing continuous surveillance
of bacterial resistance trends and resistance
mechanisms.
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