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Abstract

Objective: Multidrug resistance is a major problem of Pseudomonas aeruginosa strains. We aimed to determine the level of resistance to the 
antipseudomonal antibiotics, the change in the rates of antibiotic resistance over the years, and mortality rate during hospital stay. 

Methods: The microbiology database of P. aeruginosa isolated from 3708 sputum and 485 bronchial lavage samples at Chest Diseases Public 
Hospital from January 2009 to December 2013 was retrospectively reviewed. Imipenem, amikacin, tobramycin, ciprofloxacin, piperacillin, 
piperacillin/tazobactam ceftazidime, and cefepime resistance rates of P. aeruginosa strains were determined. Antimicrobial susceptibility 
was determined by the disk diffusion method, according to the Clinical Laboratory Standards Institute (CLSI) guidelines. P. aeruginosa was 
defined as resistant (resistance to at least one of the antipseudomonal antibiotics), and multidrug resistant (MDR) (resistance to three or 
more drugs of following classes: β-lactam, carbapenem, aminoglycoside, and fluoroquinolone). 

Results: Five hundred and five P. aeruginosa isolates were tested. The antibiotic resistance rates were as follows; cefepime (26.7%), ceftazi-
dime (23.2%), piperacillin (22.2%), imipenem (21.8%), piperacillin/tazobactam (19.2%), ciprofloxacin (17.4%), tobramycin (11.9%), and ami-
kacin (7.3%). When compared 2009 and 2013, statistically significant reduction was observed in resistance rates to ciprofloxacin, amikacin, 
and cefepime antibiotics. Among 505 strains, 12.1% were designated as being MDR. Out of 505 patients investigated, 34 (6.7%) died during 
the hospital stay. 

Conclusion: The clinical significance of these findings is important in the selection of appropriate empirical treatment of serious P. aeru-
ginosa infections.
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INTRODUCTION 
Pseudomonas aeruginosa is a bacterium that easily colonizes in the hospital environment. Thus, 
it causes nosocomial infections. This bacterium, which is an important opportunistic pathogen, 
is responsible for 10%–15% of nosocomial infections worldwide, and it is ranked as the 5th most 
common nosocomial infection (1, 2). 

Multidrug resistance (MDR) is a major problem of P. aeruginosa strains. The development of MDR 
during treatment creates difficulties in the treatment of the infection (2). MDR is defined as Pseu-
domonas infection that is resistant to at least three antibiotics from the groups of β-lactam, car-
bapenem, aminoglycoside, and fluoroquinolone (3). In hospital-acquired pseudomonal pneumo-
nia, mortality was reported to be around 70% in some studies (4). 

This study aimed to determine the antibiotic resistance rates of P. aeruginosa strains isolated from 
sputum and bronchial lavage samples that were sent to the microbiology laboratory of Chest Dis-
eases Hospital between January 2009 and December 2013, the distribution of these rates over 
the years, and the mortality rate during hospitalization of patients with Pseudomonas infection. 



METHODS
In this study, 505 P. aeruginosa strains isolated from 485 bronchial la-
vage and 3708 sputum samples that were sent to the microbiology 
laboratory for culture antibiogram between January 1, 2009 and De-
cember 31, 2013 were evaluated retrospectively. Ethical approval for 
this study was received from the Clinical Research Ethics Committee 
of Bursa High Speciality Training and Research Hospital (Decision No: 
2011-KAEK-25 2015/19-05). Because recordings were retrospectively 
evaluated, written informed consent was not obtained from patients. 

Strains were defined using conventional diagnostic methods and 
Api 20 NE (Bio-Merieux, France) system. Antibiotic susceptibility was 
investigated through the Kirby–Bauer disc diffusion method using 
Mueller–Hinton agar in accordance with the criteria of “Clinical and 
Laboratory Standards Institute” (CLSI) (5). Susceptibilities to imipen-
em (IMP), amikacin (AK), tobramycin (TOB), ciprofloxacin (CIP), pip-
eracillin (PIP), PIP/tazobactam (P/T), ceftazidime (CAZ), and cefepime 
(FEP) were evaluated in the isolated strains. The mortality rates 
during hospitalization were detected for patients with P. aerugino-
sa. While calculating the rates of antibiotic susceptibility, moderate-
ly susceptible strains were also accepted as resistant. Pseudomonas 
strains were defined as resistant in the presence of resistance to at 
least one of the anti-pseudomonas antibiotics and as multidrug re-
sistant (MDR) in the presence of resistance to three or more drugs 
from the groups of β-lactam, carbapenem, aminoglycoside, and flu-
oroquinolone antibiotics. 

Statistical Analysis
In the study, Chi-square analysis was used for evaluating the differ-
ences between the rates of resistant strains in 2009 and 2013 for 
eight different antibiotics. The results were evaluated by considering 
95% confidence level. 

RESULTS
P. aeruginosa strains were found in 505 patients admitted between 
2009 and 2013. Of these patients, 401 (79.4%) were male and 104 
(20.6%) were female. The mean age of patients was 65±12.4 years. P. 
aeruginosa was isolated from sputum in 477 cases (94.5%) and from 
bronchial lavage in 28 cases (5.5%). Although the number of patients 
with P. aeruginosa was 44 in 2009, it increased up to 185 in 2013 (Ta-
ble 1). 

With respect to the diagnoses of diseases, P. aeruginosa was repro-
duced in chronic obstructive pulmonary disease, bronchiectasis, and 
bronchogenic carcinoma more frequently (Table 2). 

The study revealed that the antibiotics to which P. aeruginosa strains 
were mostly resistant were FEP (26.7%) and CAZ (23.2%). On the oth-
er hand, the lowest resistance rates were AK (7.3%) and TOB (11.9%) 
(while calculating the resistance rates, moderately susceptible strains 
were also accepted to be resistant) (Table 3).

The distributions of the rates of resistance to anti-pseudomonal 
antibiotics over the years are shown in Table 4. In the evaluation of 
differences between resistant strains in 2009 and 2013 through chi-
square analysis, no statistically significant difference was observed 
between resistance rates in 2009 and 2013 for IMP, TOB, PIP, P/T, and 
CAZ antibiotics (p>0.05). On the other hand, there was a statistically 
significant difference for the CIP, AK, and FEP antibiotics (p<0.01). The 
resistance rates for CIP, AK, and FEP were found to be significantly 

higher in 2009 than those in 2013. In other words, a decline was ob-
served in the resistance rates of CIP, AK, and FEP over the years. In 
our study, although no antibiotic resistance was detected in 53.5% 
of P. aeruginosa strains, 23.6% displayed resistance to three or more 
antibiotics (Table 5). 

Although the rate of P. aeruginosa strain resistance to only one antibi-
otic group from β-lactam, carbapenem, aminoglycoside, and fluoro-
quinolone was 19.2%, the rate of P. aeruginosa strain resistance to all 
of these four antibiotic groups was 4% (Table 6). 

It was observed that the MDR strain rate, which was 18.2% in 2009, 
decreased to 12.4% in 2013 (Table 7). 

The mortality rate that developed during hospital stay in P. aerugino-
sa-isolated patients was found to be 6.7% (34 patients). 

DISCUSSION
P. aeruginosa is a gram-negative, aerobic rod-shaped bacterium be-
longing to the family Pseudomonadaceae.

In P. aeruginosa strains, MDR is an important issue, and only a few 
antibiotics were found to be effective against P. aeruginosa (6). The 
bacterium has a resistance mechanism combined with a low intrinsic 
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Table 1. Distribution of patient numbers according to years

Year Number of patients

2009 44

2010 62

2011 91

2012 123

2013 185

Total 505

Table 2. The rates of disease diagnoses

Frequency %

COPD 348 68.9

Bronchiectasis 87 17.2

Bronchogenic carcinoma 25 5.0

Pneumonia 17 3.4

Asthma 13 2.6

Interstitial lung disease 6 1.2

Tuberculosis 6 1.2

Abscess 2 0.4

Hemoptysis 1 0.2

Total 505 100

COPD: Chronic obstructive pulmonary disease



92

Eurasian J Pulmonol 2016; 18: 90-5Şimşek et al. Susceptibility Patterns of Pseudomonas aeruginosa Strains 

Table 3. Antibiotic resistance rates of isolated 505 P. aeruginosa strains

Antibiotic Result Number %

Imipenem 

Susceptible 395 78.2

Moderately susceptible 25 5

Resistant  85 16.8

Ciprofloxacin 

Susceptible 417 82.6

Moderately susceptible 26 5.1

Resistant  62 12.3

Amikacin 

Susceptible 468 92.7

Moderately susceptible 9 1.8

Resistant  28 5.5

Tobramycin 

Susceptible 445 88.1

Moderately susceptible 13 2.6

Resistant  47  9.3

Piperacillin 

Susceptible 393 77.8

Moderately susceptible 4 0.8

Resistant  108  21.4

Piperacillin/tazobactam 

Susceptible 408 80.8

Moderately susceptible 6 1.2

Resistant  91  18

Cefepime 

Susceptible 370 73.3

Moderately susceptible 54 10.7

Resistant  81  16

Ceftazidime 

Susceptible 378 76.8

Moderately susceptible 18 3.6

Resistant  99  19.6

Table 4. Distribution of resistance rates for anti-pseudomonal antibiotics according to years

Total 
number 
of strains IMP CIP AK TOB PIP P/T FEP CAZ

2009 44 13.6 29.5 18.2 18.2 11.4 6.8 43.2 29.5

2010 62 24.2 17.7 4.8 3.2 11.3 113 29 22.6

2011 91 16.5 28.5 13.2 13.2 31.8 27.5 39.5 32.9

2012 123 19.5 14.6 5.7 8.9 30.9 23.5 20.3 21.1

2013 185 27 10.8 3.7 14.6 17.8 17.8 20 18.4

Total 505 21.8 17.4 7.3 11.9 22.2 19.2 26.7 23.2

AK: Amikacin; CAZ: ceftazidime; CIP: ciprofloxacin; FEP: cefepime; IMP: imipenem; PIP: piperacillin; P/T: piperacillin/tazobactam; TOB: tobramycin



outer membrane permeability, formation of cephalosporinase, and 
presence of an efflux pump. As a result, when MDR Pseudomonas 
infections occur with wrong drug use, they create serious problems 
in nosocomial infections (7). 

The definition of MDR Pseudomonas infection differs. Although resis-
tance to a single antibiotic group is defined as MDR in some studies, 
resistance to all tested antibiotics is accepted as MDR in other stud-
ies (8). According to the generally accepted view, MDR is defined as 
resistance to at least three antibiotics from the groups of β-lactam, 
carbapenem, aminoglycoside, and fluoroquinolone (3). 

In some studies, mortality was reported to be around 70% in hospi-
tal-acquired pseudomonal pneumonia (4). This high rate of mortality 
was found to be associated with a high resistance pattern of P. aeru-
ginosa (9). 

The mean age of patients included in the study was high (65±12.4 
years), and most of them were male (79.4%). It was observed that 
the number of patients with P. aeruginosa infection increased over 
the years (Table 1). This increase was attributed to increasing patients 
and materials collected from these patients for evaluation. 

The most commonly diagnosed diseases were chronic obstructive 
pulmonary disease (68.9%) and bronchiectasis (17.2%) (Table 2). The 
finding of Pseudomonas infection in patients with bronchial carcino-
ma and tuberculosis was evaluated to be striking. 

In this study, it was detected that P. aeruginosa strains were less resis-
tant to AK (7.3%) and TOB (11.9%), and they were more resistant to 
FEP (26.7%) and CAZ (23.2%) (Table 3). 

Carbapenems are among the broadest spectrum β-lactam antibi-
otics, and development of resistance to these antibiotics has been 
observed recently (10). In this study, IMP resistance was found to be 
21.8%. IMP resistance is reported to vary between 16.8% and 54% in 
studies conducted in Turkey (11-21) and between 7% and 37.4% in 
foreign studies (22, 27). High resistance rates were detected in stud-
ies on intensive care patients (Table 8). As is seen in our study, the rate 
of IMP resistance is consistent with the studies conducted in Turkey 
but relatively higher than the studies conducted in other countries. 

For AK from aminoglycosides, resistance develops more rarely than 
for other members of the group because AK is less affected by ami-
noglycoside-modifying enzymes (28). In our study, the AK resistance 
rate was found to be 7.3%. The AK resistance rate is seen to vary be-
tween 4% and 38% in Turkish studies and between 3.3% and 38.8% 
in foreign studies (Table 8). According to these results, it can be said 
that AK resistance is low in Turkey and other countries at similar rates. 

In our study, the CIP resistance rate was detected as 17.4%. This rate 
is similar to CIP resistance rates found in Turkey and other countries 
(Table 8). 

TOB resistance was found to be 11.9%. TOB resistance was detected 
between 4.5% and 58.4% in the studies performed in Turkey and oth-
er countries (Table 8). 

In this study, the PIP resistance rate was found to be 22.2%. It was 
demonstrated in Turkish and foreign studies that this resistance was 
at different rates varying from 10.8% to 58% (Table 8).

The resistance rate for FEP was detected to be 26.7%. Similar to our 
study, these rates are generally high in Turkey and other countries 
(Table 8). 
The CAZ resistance rate was 23.2%. Considering Table 8, it can be said 
that CAZ resistance rates are very variable in Turkey and other coun-
tries. 

Although an increase was observed in the rates of IMP, PIP, and P/T 
resistance over the years, no statistically significant difference was 

93

Şimşek et al. Susceptibility Patterns of Pseudomonas aeruginosa Strains Eurasian J Pulmonol 2016; 18: 90-5

Table 5. The numbers and percentages of antibiotics to which 
P. aeruginosa strains are resistant

Number of resistant antibiotics
Number 
of patients (%)

0 270 (53.5)

1 67 (13.3)

2 49 (9.7)

≥3 119 (23.6)

Total 505

Table 6. The numbers and percentages of antibiotic groups to 
which P. aeruginosa strains are resistant

Number of resistant antibiotics
Number of 
patients (%)

0 270 (53.5)

1 97 (19.2)

2 77 (15.2)

3 41 (8.1)

4 20 (4)

Total 505

Table 7. MDR P. aeruginosa strain rates according to years

Number of 
strains

Number of 
MDR strains

Percentage 
of MDR 
strains (%)

2009 44 8 18.2

2010 62 7 11.3

2011 91 12 13.2

2012 123 11 8.9

2013 185 23 12.4

Total 505 61 12.1

MDR: Multidrug resistance



found among the resistance rates of IMP, TOB, PIP, P/T, and CAZ be-
tween the years of 2009 and 2013. The presence of a statistically 
significant difference in the resistance rates of CIP, AK, and FEP is a 
considerable finding. It is thought that this decrease was associated 
with the fact that the use of these antibiotics for lung infection due 
to Pseudomonas was low in our hospital. 

As is seen in Table 5, 53.5% of strains are susceptible to all antibiotics. 
It is striking that the number of strains resistant to three or more an-
tibiotics is higher than the number of strains resistant to one or two 
antibiotics. In other words, when a resistant strain develops, the pos-
sibility for this strain to be resistant to three or more drugs is higher. 

In this study, it was observed that resistance mosty developed to a 
single antibiotic group (19.2%). The rate of strains resistant to three 
or more antibiotics, namely MDR strains, was 12.1% (61 patients) (Ta-
ble 6, 7). The rate of strains resistant to all antibiotic groups was 4% 
(resistant to all four groups). The rate of MDR strains was reported 
as 6.4% in the study of Al-Jasser and Elkhizzi (23) from Saudi Arabia, 
5.7% by Raja and Singh (25) from Malaysia, 9.8% by Gailiene et al. (29) 
from Lithuania, and 3.3% by Yoshimura et al. (30) from Japan. It can 
be said that the MDR strain rate in our study is higher than that in 
other countries. Moreover, it was observed that the MDR strain rate, 
which was 18.2% in 2009, decreased to 12.4% in 2013 (Table 7).

In our study, the rate of mortality that occurred during hospitaliza-
tion in patients with isolated P. aeruginosa was found to be 6.7% (34 
patients). This rate was reported as 51.1% in the study of Pinheiro et 
al. (27) and 25.2% in the study of Joo et al. (31). The reason for lower 
mortality in our study than in other studies is that those studies were 
conducted among intensive care patients or patients with bactere-
mia. 

CONCLUSION 
The antibiotics to which P. aeruginosa strains are more susceptible 
are AK and TOB, and the antibiotics to which these strains are more 
resistant are FEP and CAZ. The resistance rates for CIP, AK, and FEP 
antibiotics decline over the years. Because the IMP resistance rates 
in Turkey were observed to increase gradually over the years and 
they were found to be higher than in other countries (although it 
was not statistically significant), it is suggested that the use of IMP 
in the treatment of P. aeruginosa infection should be reduced. The 
FEP resistance rates are generally high in our study and also in Tur-
key and other countries. However, it is pleasing that this resistance 
rate decreased over the years. While using empirical antibiotics in the 
treatment of P. aeruginosa, it should be kept in mind that the FEP, 
CAZ, and IMP resistance rates are high. Because approximately half 
of the strains display at least one antibiotic resistance, it is suggested 
that the use of at least two antibiotics in a treatment will be more 
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Table 8. Antibiotic resistance rates (%) detected in P. aeruginosa strains in some studies that were conducted in Turkey and other countries

Study IMP AK CIP TOB PIP FEP CAZ

Göktaş et al. (11) 27.2 18.2 31.8 - - 59 31.8

Ertürk et al. (12) 21 38 53 - - 66 17

Alaşehir et al. (13) 23.8 9.8 19.7 - 23 24.6 23.8

Öztürk et al. (14) 23 4 14 - 28 87 30

Aktepe et al. (15) 16.8 4.9 33.3 4.9 - 74.8 69.9

Gazi et al. (16) 34.3 13.1 23.4 - 31.5 - 25.9

Gönlügür et al. (17) 21.6 25.4 16.1 58.4 21.8 - 50.8

Ekşi et al. (18) 18 - 20 - 22 24 27

Üstün (19) - 31 35 - 58 49.8 55

Özdemir et al. (20) 54 24 44 - - 43 36

Ersöz et al. (21) 29 32 9 44 32 21 38

Lin et al. (22) 10.2 - - - - - -

Al-Jasser et al. (23) 9.8 14.2 7.8 - - - 18.2

Guerrero et al. (24) 7 3.2 21.7 4.5 - - 10

Raja and Singh (25) 9.9 6.73 11.3 - 10.8 - 10.9

Van Eldere (26) 9.5 10.5 24 19.5 24 29.5 28.5

Pinheiro (27) 37.4 38.8 52 - - 60.4 56.6

This study 21.8 7.3 17.4 11.9 22.2 26.7 23.2

AK: Amikacin; CAZ: ceftazidime; CIP: ciprofloxacin; FEP: cefepime; IMP: imipenem; PIP: piperacillin; TOB: tobramycin



accurate. In our study, the mortality rate that developed during hos-
pitalization of patients with P. aeruginosa infection was low. The rates 
of MDR P. aeruginosa decrease over the years but are higher in Turkey 
than in other countries.
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