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Abstract

Background: Nosocomial infections are important medical concerns in developed and developing countries. Pseudomonas aerug-
inosa is considered the third leading cause of nosocomial infections following Staphylococcus aureus and Escherichia coli.
Objectives: The present study aimed to determine the antibiotic resistance of isolated P. aeruginosa strains in the patients admitted
to Imam Reza Hospital in Kermanshah, Iran.
Methods: This descriptive, cross-sectional study was conducted on 900 patients with positive P. aeruginosa cultures who were ad-
mitted to Imam Reza Hospital in Kermanshah, Iran during 2016-2018. Bacterial isolates were separated using laboratory tests, and
the standard disc-diffusion method was used to assess antibiotic susceptibility based on the CLSI protocol. Data analysis was per-
formed in SPSS version 24.
Results: The majority of the P. aeruginosa-positive cases were isolated from the emergency ward (44.3%), intensive care unit (21.9%),
blood samples (40.4%), and urine samples (18.7%). The highest antibiotic resistance was observed against cotrimoxazole, ceftriaxone,
ampicillin, ampicillin-sulbactam, nitrofurantoin, nalidixic acid, cefazolin, and cefixime. In addition, ciprofloxacin and imipenem
were the most effective antibiotics against P. aeruginosa with the sensitivity of 68.1% and 57.2%, respectively.
Conclusions: According to the results, P. aeruginosa had high resistance against antibiotics such as cotrimoxazole and ceftriaxone.
Therefore, these antibiotics should be used correctly and reasonably, and epidemiological studies in this regard should be focused
on proposing national programs to prevent the further spread of antibiotic resistance.
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1. Background

Hospitalized patients may be at the risk of nosocomial
bacteria, which cause secondary infections and hinder the
recovery process (1). The treatment of nosocomial infec-
tions is also associated with the development of antibi-
otic resistance in the patients. Pseudomonas aeruginosa
has been identified in critically ill patients as part of the
normal intestinal flora, as well as an important pathogen
responsible for multiple intensive care unit (ICU) infec-
tions (2). The establishment rate of P. aeruginosa is on the
rise in patients with a long hospitalization period (3). On
the other hand, most of these bacterial strains have be-
come resistant to various antibiotics and are classified as
multidrug-resistant strains (3, 4).

P. aeruginosa has multiple virulence factors, which
could abnormally reduce the neutrophils in immature in-
dividuals and patients with cystic fibrosis, abnormal neu-
trophil depletion, and various systemic infections. The in-
fections caused by this microorganism occur both in the
population and in hospitals, while the prevalence in hospi-
tal environments contributes to other chronic infections,
especially in patients with the impaired immune system
and cystic fibrosis (5).

The most commonly used agents in the treatment
of P. aeruginosa infections include broad-spectrum peni-
cillins (carbenicillin, ticarcillin, and piperacillin), broad-
spectrum cephalosporins (ceftazidime and cefepime), car-
bapenems, aminoglycosides, fluoroquinolones, and aztre-
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onam (3, 4). Furthermore, wide-spectrum beta-lactamase
enzymes (ESBLs) could mediate the resistance of P. aerug-
inosa strains to second- and third-generation (broad-
spectrum) cephalosporins and monobactams. Various
genes have also been detected on the chromosome or plas-
mid (6, 7), which encode these enzymes (8).

Several pathways are involved in the antibiotic resis-
tance of P. aeruginosa, with the innate resistance encom-
passing over-expressed efflux systems and the relatively
low membrane permeability (6). Acquired resistance also
involves the acquisition of resistance genes or mutations
in the genes encoding porins, efflux pumps, penicillin-
binding proteins, and chromosomal b-lactamase, which
lead to resistance to b-lactams, carbapenems, aminoglyco-
sides, and fluoroquinolones (7).

2. Objectives

A review of the literature shows that the resistance pat-
tern of P. aeruginosa to various antibiotics is constantly
changing depending on the countries using antibiotics
and type of the strains; therefore, such investigations
should continue in across the world. The present study
aimed to determine the frequency and pattern of antibi-
otic resistance in various wards of Imam Reza (AS) Hospital
in Kermanshah, Iran during 2016-2018.

3. Methods

In this descriptive, cross-sectional study, a laboratory
expert provided the list of the patients admitted to Imam
Reza Hospital during 2016-2018 with positive P. aeruginosa
cultures in the blood, urine, wound, pleura, and cere-
brospinal fluid samples. The susceptibility pattern and an-
tibiotic resistance of the pseudomonas isolated from each
patient were reported. Following that, the samples were
sent to the microbiology laboratory, grown in eosin methy-
lene blue and blood agar, and incubated at the temper-
ature of 37°C for 24 hours. After colony growth and the
initial identification of the organism, the bacterium was
identified based on the colony color, presence/absence of
hemolysis, and gram-smear staining prepared from the
colonies.

At the next stage, antibiogram was performed using
the disc-diffusion method, and the exact diameter of the
growth inhibition zone was determined in millimeters us-
ing the Müller-Hinton agar medium. In addition, compar-
ison was performed with the Clinical and Laboratory Stan-
dard Institute (CLSI) standard table for gentamicin (10µg),
ciprofloxacin (5 µg), ceftazidime (30 µg), cotrimoxazole
(1.25 µg), ceftriaxone (30 µg), cefepime, imipenem, ampi-
cillin (10 µg), piperacillin (100 µg), ampicillin-sulbactam

(10 µg), nitrofurantoin (300 µg), nalidixic acid (30 µg), ce-
fixime (5 µg), levofloxacin (5 µg), and tazobactam (110 µg).

The bacterial suspension was prepared with the turbid-
ity equivalent to 0.5 McFarland of the tube turbidity (×
108 CFU/ml 1.5), and lawn culture was performed in tripli-
cate using a sterile swab and a plate containing the Müller-
Hinton agar medium. In addition, pliers were used to re-
move the discs from the freezer one hour before they were
placed on the culture medium and stabilized with the tip
of a pair of pliers; following that, the plates were incubated
at the temperature of 37°C for 24 hours. To read the results,
the diameter of the inhibition zone was measured in mil-
limeters using an accurate ruler, and the obtained results
were reported as sensitivity (S1), resistance (R2), and semi-
sensitive zones (I3).

3.1. Ethical Considerations

The study protocol was ethically approved, and the
confidentiality of information was also observed.

3.2. Statistical Analysis

Data analysis was performed in SPSS version 18 us-
ing descriptive statistics (mean, standard deviation, fre-
quency, and percentage). In addition, Chi-square (X2) and
independent t-test were applied to evaluate the correla-
tions between antibiotic resistance, infection prevalence,
and infection severity. In all the statistical analyses, P value
of 0.05 was considered significant.

4. Results

In 2016, 2017, and 2018, 213 (23.7%), 221 (24.6%) and
466 positive cases of pseudomonas (51.8%) were reported
among the patients admitted to Imam Reza Hospital. Out
of 900 patients with P. aeruginosa positive cultures in the
mentioned periods, 61.6% were male, and 38.4% were fe-
male. Among the positive culture samples, 28.7% were
urine samples, 18.7% were sputum samples, 40.4% were
blood samples, 1.2% were eye samples, 5,4 % were wound
cultures, 5.3% were fluid samples, and 0.1% was accounted
for by vaginal and stomach samples. Table 1 shows the
number of the positive cases of P. aeruginosa infection by
hospital sections. The antibiogram is presented in Table 2
and Figure 1.

The highest antibiotic resistance was observed against
cefazolin, nalidixic acid, nitrofurantoin, ampicillin
/sulbactam, and cotrimoxazole. On the other hand,
ciprofloxacin and imipenem were the most effective an-
tibiotics against P. aeruginosa infection with the sensitivity
of 68.1% and 57.2%, respectively.
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Figure 1. P. aeruginosa Resistance to Various Antibiotics in Imam Reza Hospital (2016-2018)

Table 1. Positive Cases of Pseudomonas aeruginosa by Wards of Imam Reza Hospital
(2016-2018)

Hospital Wards Percentage, %

ICUs (general, neonatal, pediatric) 19.7

Emergency Department 44.3

Internal (internal, infections, pediatric, neurology) 19

Surgery (general, gynecological, urology) 12.1

Outpatients 2

Transplantation (bone marrow, kidney) 2.9

Total 100

5. Discussion

P. aeruginosa is considered to be the most common
pathogen to cause nosocomial infections, as well as the
leading cause of nosocomial respiratory tract infections
(9). The active presence of P. aeruginosa in a wide range of
hospitalized patients could be attributed to the unique fea-
tures of this bacterium. In the current research, P. aerugi-
nosawas detected in the patients admitted to different hos-
pital wards and in blood and urine samples, which indi-
cated the role of this bacterium in urinary tract infections
as well.

Our findings based on the spectrum of P. aeruginosa
are consistent with the study by Tavajohi et al. (10), which
demonstrated that the prevalence of P. aeruginosa was
highest in urine and blood culture samples. According to
the results of the present study, antibiotic resistance was
higher in the emergency department and ICU compared

Table 2. Antibiogram of P. aeruginosa in Positive Cultures (2016-2018)

Antibiotic Sensitive (%) Semi-sensitive (%) Resistant (%)

Ciprofloxacin 68.1 5.5 26.3

Ceftazidime 44.2 11.9 43.9

Cotrimoxazole 16.3 1.5 82.1

Ceftriaxone 18 13.7 68.3

Cefepime 25.5 21.2 53.3

Gentamicin 55.9 12.4 31.7

Imipenem 57.2 8.4 34.4

Ampicillin 20.4 3.9 75.7

Piperacillin 43 10.7 46.3

Ampicillin-
Sulbactam

13.5 1.6 84.9

Nitrofurantoin 4.8 3.9 91.3

Nalidixic Acid 2.5 5.5 92

Levofloxacin 36.4 27.3 36.4

Tobramycin 42.9 14.3 42.9

Tazobactam 42.9 10.7 46.4

Cefazolin 1.2 1.8 97

Amikacin 36.2 25 38.8

Cefotaxime 13.9 19 67.1

Cefixime 7.1 8.6 84.3

to the other wards. In ICUs, factors such as medical re-
strictions, impairment due to long hospital stay, and use of
multiple care equipment may contribute to the increased
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prevalence of P. aeruginosa-resistant strains.
The current research indicated that the highest an-

tibiotic resistance against cefazolin, nalidixic acid, nitro-
furantoin, ampicillin-sulbactam, cefixime, and cotrimox-
azole. In the study conducted by Oulia et al. (11) on 100
isolates of P. aeruginosa, the resistance of the strains to ce-
fazolin, cephalexin, ceftriaxone, ceftizoxime, cefixime, and
ciprofloxacin was reported to be 100%, 100%, 92%, 94%, 100%,
and 89%, respectively, which is consistent with the results
of the present study in terms of bacterial resistance to ce-
fazolin and cefixime. In this regard, Abdi et al. (12) reported
ampicillin-sulbactam to be one of the most resistant an-
tibiotics in the treatment of P. aeruginosa infections, which
is also in line with the results of the present study.

In a descriptive analysis conducted in Kashan (Iran),
Tavajohi et al. (10) reported that P. aeruginosa iso-
lates showed the highest resistance respectively against
piperacillin, imipenem, cefotaxime, ceftriaxone, gentam-
icin, ceftazidime, aztreonam, and ciprofloxacin. In an-
other descriptive research, Salehi et al. (2015) (13) ob-
served that 100% of bacterial isolates were resistant to
nalidixic acid, and 96% were resistant to norfloxacin and
ciprofloxacin. Based on the aforementioned studies, it
could be concluded that the increased resistance of bac-
terial strains to fluoroquinolones is due to various factors,
such as the indiscriminate use of antibiotics in clinical cen-
ters. In the present study, imipenem was the most effective
antibiotic after ciprofloxacin. In the study by Rajabpour
et al. (14), the highest resistance was observed against
ciprofloxacin (58%) and levofloxacin (61.2%), while the low-
est resistance was against imipenem (9.6%) among eight se-
lected antibodies.

In the current research, ciprofloxacin resistance in the
isolates was estimated at 26.3%, while it has been reported
to be 26.8% in Latin America (15) and 10-32% in Europe
(16-18). In some studies, ciprofloxacin resistance has been
higher compared to our findings. For instance, the re-
search by Behera et al. (19) indicated resistance to this an-
tibiotic to be more than 75%, while Rubin et al. (20) re-
ported the resistance rate of 39% to ceftriaxone, which is
lower than our findings. In the present study, cefotaxime
showed 67.1% resistance, which is higher than the reported
rate by Rustini et al. (21).

5.1. Conclusion

According to the results, the increased resistance of P.
aeruginosa strains to a wide range of antibiotics in treat-
ment centers has become a major clinical issue, especially
in burns, lungs, and ICU wards. Due to high genetic di-
versity, it is not possible to definitively determine the an-
tibiotics that are effective in the treatment of P. aerugi-
nosa infections in various patients as there are differences

even within a small geographical area. Therefore, the de-
termination of the most effective drugs for the treatment
of these infections depends on the antibiogram test of the
isolated samples from each patient independently. We ob-
served no significant difference in drug resistance between
the proposed and non-recommended CLSI antibiotics. Due
to the high antibiotic resistance and the fact that the treat-
ment of nosocomial infections is difficult and may lead to
the death of the patients or threaten all hospitalized pa-
tients, most nosocomial infections should be controlled to
prevent their spread with lower costs by using microbio-
logical diagnostic methods.
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