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ABSTRACT

Objectives: This meta-analysis aimed to evaluate the current prevalence and trends over the past 10 years
of Pseudomonas aeruginosa (P. aeruginosa) antimicrobial resistance. Two researches independently
searched two national (ULAKBIM, Tiirk Medline) and two international databases (PubMed, Web of
Science) to identify studies on P. aeruginosa resistance to antimicrobials from 2007 to 2017.
Methods: Homogeneity across studies was assessed using Cochrane guidelines, and total variability due to
between-study variations was reflected in the I? index. A random effects model was developed to
estimate the antimicrobial resistance rates and their corresponding 95% CI. Pooled antibiotic resistance
rates between 2007-2011 and 2012-2016 were compared to calculate the change in antibiotic resistance
over time. Electronic searches with MeSH terms and text words identified 1017 papers. After applying
exclusion and inclusion criteria, 45 articles were selected.
Results: Pooled resistance prevalence of P. aeruginosa to piperacillin-tazobactam, ceftazidime, cefepime,
meropenem, imipenem, ciprofloxacin, gentamicin, amikacin, tobramycin and colistin were 33.9%, 38.6%,
35.6%, 30.1%, 28.0%, 30.7%, 28.2%, 17.8%, 15.7% and 2.2%, respectively. The resistance rates of piperacillin,
piperacillin-tazobactam, imipenem, meropenem, amikacin and colistin significantly increased in the
second 5 years (P<0.05); however, gentamicin, tobramycin and ciprofloxacin resistance rates
significantly decreased (P<0.05). Comparing the resistance rates between the isolates of intensive
care unit (ICU) patients and non-ICU patients, meropenem and piperacillin-tazobactam resistance in ICU
isolates were significantly higher than non-ICU (P <0.05).
Conclusions: These results suggest that antibiotic resistance is high in P. aeruginosa and the trends in
antimicrobial resistance continue to increase, mainly in carbapenems and penicillins, in Turkey.
© 2019 International Society for Chemotherapy of Infection and Cancer. Published by Elsevier Ltd. All
rights reserved.

1. Introduction

this bacterium is naturally resistant to many antibiotics and the
number of multidrug and pandrug-resistant strains is increasing

Pseudomonas aeruginosa (P. aeruginosa) is a ubiquitous envi-
ronmental bacterium, classified as an opportunistic pathogen, and
remains a significant cause of morbidity and mortality in patients
with underlying conditions such as an immunosuppression or
chronic disease [1].

P. aeruginosa is among the top three pathogens that most
commonly cause nosocomial infections in Turkey [2-4]. P.
aeruginosa infections are becoming more difficult to treat because
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worldwide [5]. Antibiotic resistance rates vary, depending on:
where the infection is acquired (nosocomial, community); the
clinical sample in which bacteria are isolated; patient character-
istics; and the antibiotic usage policy, which can differ by country,
region and hospital. For this reason, a national database should be
introduced where relevant data are reliably recorded using
scientific methods. There is a need for a reliable and continuous
surveillance system to better understand and respond to
antimicrobial resistance patterns and key drivers. In Turkey, the
following are major barriers to cumulative resistance data
assessment deficiencies: capacities of some laboratories, local
differences in methods of surveillance and microbiological
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analyses, and gaps in surveillance practices. These barriers, which
avoid the proper management of antibiotic resistance, can be
overcome by standardising the data by meta-analysis. In this
context, a meta-analysis was undertaken to determine the
resistance profile and course of P. aeruginosa in Turkey.

In Turkey, there have been some meta-analyses undertaken to
assess the cumulative resistance of P. aeruginosa, but they were
studied on isolates from one system (e.g., urinary tract) or isolates
from unidentified clinical samples [6]. In contrast to these studies,
the current study analysed pooled prevalence of resistance in
pseudomonas according to the source of pathogenic isolates;
therefore, this study is the first meta-analysis to reveal the
antibiotic resistance pattern of P. aeruginosa in Turkey. This meta-
analysis aimed to provide a guide to the development of strategies
for antimicrobial resistance, by showing the national dimension of
change in the current resistance profile and resistance rates of P.
aeruginosa isolates, and a high level of evidence for empirical
antibiotic selection for clinicians.

2. Methods

This systemic review and meta-analysis was carried out in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [7].

2.1. Literature peer review

Two national (ULAKBIM and Tiirk Medline) and two interna-
tional (PubMed and Web of Science) databases were searched for
peer review. Search terms included “Pseudomonas aeruginosa” or
“Pseudomonas spp.” as the title word, in combination with
“antibiotic resistance” or “antibiotic susceptibility” and “Turkey”
or “Tirkiye” including all possible combinations of these key-
words. Additional articles were identified by manually searching
the reference lists of included reviews.

2.2. Selection criteria

The inclusive selection criteria set out in Table 1 were applied
for meta-analysis.

2.3. Review of the literature and data collection

The studies that corresponded to eligibility criteria were
included in the meta-analysis (Fig. 1). Two independent reviewers
(A.AA. and G.K.) screened all publications for eligibility. The
discrepancies between reviewers were resolved by discussions
with a senior reviewer (H.A.). For each of the articles: year of
publication, first author, name of the published journal and design
of each of the studies were noted, as well as time interim, and cities
or provinces where the studies had taken place. Type of clinical
samples, source of infection (nosocomial or community), patients’

Table 1
Selection criteria for meta-analysis.

hospitalisation status (intensive care unit, inpatient clinic or
outpatient clinic), and methods used for determining the micro-
organisms, antibiotic susceptibility criteria and methods were also
recorded. To homogenate the antibiotic resistance data, only the
studies that provided the total number of isolates and the number
of resistant isolates were included in the meta-analysis. Interme-
diate susceptible isolates were included in the resistant isolates
group and the number and ratio of resistant isolates were
recalculated. According to Cochrane guideline recommendations,
power and heterogeneity of each of the studies were assessed and
pooled prevalence of resistance was calculated [8].

To minimise bias, the studies having less than 20 isolates were
excluded [9]. Studies that did not specify from which clinical
specimens the isolates were obtained were excluded. In addition,
the studies reporting about the sources of clinical isolates without
any distinction were also excluded to avoid probable bias because
antibiotic susceptibility profiles could significantly differ due to
origin of clinical sample. Where a study reported results for years
separately, these were regarded as separate reports (e.g., for a
study performed between 2007-2010, susceptibility analyses of
each of the years 2007, 2008, 2009 and 2010 were reported as a
separate study). On the other hand, studies in which the
susceptibility of isolates were provided cumulatively (e.g.,
susceptibility profiles of P. aeruginosa strains isolated between
2013 and 2016) were recorded as a single study. Studies in the
meta-analysis were separated into two groups based on the year of
publication. Pooled antibiotic resistance rates between 2007-2011
and 2012-2016 were compared to calculate the change in
antibiotic resistance over time.

Subgroup analyses of the antibiotic susceptibility profiles of the
isolates were performed according to: year of isolation, clinical
specimen of the isolates (bacteraemia or sepsis, pneumonia, skin-
soft tissue infection, urinary), units (intensive care unit, inpatient
clinic, outpatient clinic), and geographic region. Antipseudomonal
antibiotics, which the Clinical and Laboratory Standards Institute
(CLSI) and/or European Committee on Antimicrobial Susceptibility
Testing (EUCAST) recommends to report, were chosen for
antibiotic resistance investigation in the scope of meta-analysis:
piperacillin (PIP), piperacillin-tazobactam (TZP), cefepime (FEB),
ceftazidime (CAZ), aztreonam (ATM), imipenem (IPM), merope-
nem (MEM), gentamicin (GEN), tobramycin (TOB), amikacin
(AMK), netilmicin (NET), ciprofloxacin (CIP), levofloxacin (LVX),
colistin (CST) [9,10].

2.4. Statistical analysis

A statistical analysis of the data that met the inclusion criteria
was carried out using SPSS-23.0 and MedCalc software. A random
effects model was developed to estimate the antimicrobial
resistance rates and their corresponding 95% confidence intervals.
The pooled prevalence of antibiotic resistance for each antibiotic
was analysed by two periods (2007-2011 and 2012-2016). In

Tested on more than 20 isolates.
Original full text research articles published in Turkish or English.

ONO WU WN =

antipseudomonal penicillins, cefalosporins, aztreonam).
9 Statistical data were verified in terms of count and rate.

Pseudomonas aeruginosa strains isolated from patients referred to Turkish hospitals.
Studies included strains assigned for analysis between 1 January 2007 and 31 December 2016.
Specification of the clinical samples from which Pseudomonas aeruginosa were isolated.

Reported methods used for susceptibility analysis (disc diffusion, Etest, Commercial microdilution, agar or broth dilution, etc.).
Used NCCLS and/or EUCAST breakpoints for determining antibiotic sensitivity and resistance.
Susceptibility analyses included at least three of the major antipseudomonal antibiotic groups being used in treatment (carbapenems, quinolones, aminoglycosides,

EUCAST, European Committee on Antimicrobial Susceptibility Testing; NCCLS, National Committee for Clinical Laboratory Standards.



Fig. 1. Flow diagram of study inclusion.
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addition, subgroup analyses for the differences in drug resistance
prevalence of P. aeruginosa were performed using pre-defined
variables, including: clinical samples, clinical department (inten-
sive care or clinics), and the geographical region of the country.

Homogeneity across the studies was assessed using Cochrane
guidelines, and total variability due to between-study variation
was reflected in the I? index. Regarding Cochrane recommenda-
tions, heterogeneity was determined as low (25%), intermediate
(50%) or high (75%) measured with I? value [8]. All tests were two-
sided with a significance level of 0.05.

3. Results

A total of 1017 articles was found by searching in databases
using keyword combinations. Following the application of the
eligibility criteria, 45 articles were included in the meta-analysis
(Fig.1). Because resistance data were subanalysed according to the
year of the study, clinical sample type, and patient profile
(inpatient/outpatient), these subanalyses were accepted as sepa-
rate studies (e.g., the resistance rates of blood and urine isolates
that were separately recorded in the same study were accepted as
two independent studies); 63 studies were reviewed. The
properties and references of the articles included in the meta-
analysis are shown in Table S (Supplementary Material).

The 10-year (between 2007-2016) pooled resistance rates of
P. aeruginosa isolates were highest in aztreonam (57.5%), piper-
acillin (40.5%), ceftazidime (38.6%), cefepime (35.6%) and piper-
acillin-tazobactam (33.9%). The change in pooled resistance rates
between the first 5 years (2007-2011) and the second 5-year

(2012-2016) period is shown in Table 2. In the second 5 years, the
rates of resistance to piperacillin, piperacillin-tazobactam, imipe-
nem, meropenem, amikacin and colistin increased, which were
found to be statistically significant (P <0.05). Conversely, pooled
resistance rates to gentamicin, tobramycin and ciprofloxacin were
significantly decreased in the second 5-year period (P < 0.05).

When the studies were classified according to the source of the
isolates, the articles were searched in which 20 blood, 13 urine, 17
lower respiratory tracts, 12 skin soft tissues (wound) and one
cerebrospinal fluid (CSF) specimen were studied. Resistance rates
regarding clinical samples are shown in Table 3. When resistance
rates were compared according to geographical regions, significant
differences were found for ceftazidime and aztreonam (Table 4).
Ceftazidime resistance was higher in the Aegean region when
compared with the Mediterranean, central Anatolian and Black Sea
regions. Similar findings were found when the south-eastern
Anatolian region was compared with the central Anatolian and
Black Sea regions (P < 0.05).

When the resistance rates of isolates of ICU and non-ICU
patients were compared, meropenem and piperacillin-tazobactam
resistance rates were significantly higher (P < 0.05) for ICU isolates
(Table 5).

4. Discussion

This meta-analysis found the pooled resistance rates of
piperacillin and piperacillin-tazobactam in the last 10 years
(2006-2017) to be 40.5% and 33.9%, respectively. The resistance
rates were seen to have significantly increased in the last 5 years



Table 2

Pooled mean prevalence and temporal differences of antimicrobial resistance of P. aeruginosa, 2007-2016.

95% CI

2007-2011 2012-2016

2007-2016

Antimicrobial agents

95% CI 2

Resistance

(%)

49

Sample size
(n)

Study

(n)

I (%)

95% CI

Resistance

(%)

Sample size
(n)

Study

(n)

I (%)

95% CI

Resistance

(%)

Sample size
(n)

1612

3942

5520

3413

Study
(n)
11

(%)

13.2-22.7
14.5-20.5

-2.2-29
-3.1-33

-45-47
4.7-10.0
72-14.2

0.0001
0.0001

0.

98.3

22.5-772
29.0-61.5

750 .8

97.7

13.3-53.9
19.4-36.3
95.3-96.9

31.8
274
26.5-44.1

862

98.4

22.1-60.4

40.5

Piperacillin

97.8

449

1680
2778

16

22

95.2

2262
2792
1857
878

23

25.4-429 971
30.9-46.5

33.9

33

Piperacillin-tazobactam

Ceftazidime
Cefepime

97.0 08

27.5-49.5
25.2-43.4
9.1-61.8

38.0

96.2

384
3

30

38.6 97.2

44
32

0.95

92.6

349

1556
735

16

93.9
9
8

5.0
2.3

25.6

21

29.0-424 939
19.1-47.2
23.6-32.7

23.9-36.7
41.8-72.5

23.4-333

35.6

0.97

98.3

324

2.0
5.0

21.9-43.6
21.5-30.0
18.2-34.1
43.7-66.8
24.5-37.1

10
30

97.3

323

1613

17

Cefoperazone-sulbactam

Imipenem

95.0 0.0001
93.2

23.7-42.9
25.8-474
5.6-100

329
3

1938
1174
174

21

2781

91.5

28.0
30.1

4719

44
29
12
36
44
8

0.0001
0.12

6.3

17

92.7

25.8

1624
1009
1939
2725
561
570

17
11

92.7
9

2798
1183
4398

Meropenem
Aztreonam

-1.6-14.0

24-78

98.8

61.8

929

55.4

6.6

57.5

94.0 0.0002

96.0 0.01
25.8 0.0001

18.4-33.4
12.7-28.0
94.8

8.9-14.3
5.3-51.6

25.5

20 2459

22

89.0

30.6
17.0
2

22
29

92.0

28.2

Gentamicin
Amikacin

0.7-4.7
4.6-13.0

19.7

2875
563
371

85.3
93

13.4-20.9
8.6-35.0

17.8-42.8
26.1-41.5

93.7

13.9-22.2
9.2-234
17.6-39.5

17.8
24.6-37.2

15.7

5610
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114

.6

0.2

89.3

1124
941

Tobramycin

-0.8-10.7
5.1-10.3

-3.3-8.0
1.5-4.5

0.09

24.4

90.6

29.5

92.7

279
30.7
3

Netilmicin

18.2-34.6 954 0.0001

25.9

2723
675
838

22

93.4

33.6

2208
427
419

25

95.6

4931

40
14
16

Ciprofloxacin

43
0.0008

0.

22.9-40.6 815

2.2-4.7

14
33

10
12

75.8

0.0

24.8-43.3
0.0-1.4

3.7
0.3

813
40.1

25.8-39.1

1.5-3.1

23

1102
1257

Levofloxacin
Colistin

0.0

2.2

Comparison of antibiotic resistance prevalence between 2007-2011 and 2012-2016.

(2011-2017): from 31.8% to 49.8% for piperacillin and from 27.4% to
449% for piperacillin-tazobactam (P = 0.0001 for each of
the agents). In multicentre studies from Turkey, piperacillin-
tazobactam resistance was found in ranges from 18.1 to 22.7%
[11,12]. In a review of antibiotic resistance of P. aeruginosa from
2003 to 2013 in Turkey, the cumulative resistance of piperacillin-
tazobactam was 34.1% and decreased to 28.9% in last 5 years [6].
The pooled resistance rate of piperacillin-tazobactam in the
current meta-analysis was significantly higher when compared
with multicentre studies in Turkey, and the increase in resistance
rates was prominent.

In the current meta-analysis, the highest resistance to
piperacillin-tazobactam was detected in skin-soft tissue isolates
(46.1%) followed by respiratory (36.4%), urine (27.1%) and blood
isolates (26.7%). In contrast, in the International nosocomial
infection control consortium (INICC) report, including data from
Turkey, the highest resistance to piperacillin-tazobactam was
found in bloodstream infections (37%) [13]. It is surprising that
piperacillin-tazobactam resistance was lowest in blood stream
infections in the current meta-analysis. This could be explained by
the high heterogeneity among studies included in this research.
Besides, most of the wound isolates were from infected burn
wounds or surgical site infections and this could lead to high
resistance rates.

Pooled prevalence resistance to cefepime, ceftazidime, and
cefoperazone-sulbactam was 35.6%, 38.6% and 32.3%, respectively.
There were no significant changes for these three agents over the
years. The highest resistance rates were at wound infection and
lower respiratory tract isolates. In Turkey, resistance to cefepime
and ceftazidime was found to be 32.9% and 25.3%, respectively, in a
multicentre study, while it was found to be 41.4% and 43.9%,
respectively, in a review covering the years 2003-2013 [6,11].
Resistance to antipseudomonal cephalosporin has been stable for
the last 10 years.

Carbapenems are one of the most preferred and most effective
antibiotic groups for the treatment of pseudomonas infections.
However, resistance development during carbapenem treatment
is being reported and imipenem is the riskiest agent in this
respect [14].

Pooled prevalence of resistance to meropenem was 30.1% and
resistance to imipenem was 28.0% in the current meta-analysis.
These rates were 25.8% and 25.6%, respectively, in the first 5 years
and they significantly increased in the second 5 years to 36.3% and
32.9%, respectively (P=0.0001). Resistance to meropenem was
highest in respiratory tract isolates, with a rate of 33.4%. In a
multicentre study and a meta-analysis conducted in Turkey,
resistance to imipenem was reported at rates of 28.9% and 29.4%,
respectively [6,11]. These results are consistent with the first 5
years of results in the current data. However, the current meta-
analysis shows that there is a tendency towards increasing
resistance rates against imipenem in Turkey.

Risk factors for carbapenem resistance have been well studied,
including: prior carbapenem use, being bedridden or in the ICU, a
history of P. aeruginosa infection or colonisation within the
previous year, length of hospital stay, and long-term catheter-
isation [15]. In multicentre studies investigating the use of
antibiotics in hospitalised patients in Turkey, it was reported that
carbapenems were the most commonly used antibiotics [16,17].
Inappropriate use of antibiotics is one of the major reasons that
cause antibiotic resistance in Turkey. In a multicentre meta-
analysis, inappropriate antibiotic use in a hospital was found to be
68% [18]. Carbapenems are the leading antimicrobial agents that
are overused and misused in Turkey [19]. The upward trend in
carbapenem use as a first choice, as well as its widespread
inappropriate use, may explain the increase in carbapenem
resistance, which was found in the current meta-analysis.
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Table 3

Pooled antibiotic resistance rate of P. aeruginosa according to the source of isolates.

Wound

Respiratory tract specimen

Urine

Blood

Antimicrobial agents

Study Sample Resistance 95%Cl 2 Study Sample Resistance 95%Cl ? Study Sample Resistance 95%Cl 2
size

2

Study Sample Resistance 95%CI

(%)

size
(n)

(n)

(%)

size
(n)

(n)

(%)

(n)

(%)

size (%)

(n)

(n)

54.4 23.7-83.3 98.6
46.1

670
447

894 4

14.8-42.1

273
36.4

676

Insufficient data

462

1

98.7

45-99.4

56.7
26.7

177

Piperacillin

18.7-749 972

25.4-48.7 955 4

1644

933 9

3.6-61.7

17.5-43.6 966 5 271

1389

15

Piperacillin/

tazobactam

Ceftazidime
Cefepime

242-68.3 979

45.8
22.7

9 912

253-526 957 5

29.1-50.7 951
16.1-48.8 52.0

39.6

1796
1292
374

11

141-58.0 98.3
21.3-523 895 9

7.2-56.1

343
36.1
28.1

1397
351
303

249-439 928 9

34.0

1402
1179
915

16
12

13.0-34.2 88.5

568

38.5

26.8-509 944 6

38.5

Insufficient data

874
583

1

31.2

96.0 5

14.2-62.8 983 3

22.5-36.1

36.7
29.1

Cefoperazone-sulbactam 9

Imipenem

16.4-48.6 96.3

313
311

29.4 22.0-374 915 8
334

1817

12
10

13.1-26.2 75.0

19.2

587
376

870 8

1418

16

14.4-50.9 95.5

22.9-449 936 6

1246
401

18.5-27.0 0.0
2.8-53.1

22.5

29.6 17.6-432 918 4
57.9

593
650

Meropenem
Aztreonam

Insufficient data

957

42.7-99.2 977 0

79.0
31.2

931

224

132

39.3-754 957 2

A. Acar et al./Journal of Global Antimicrobial Resistance 18 (2019) 64-70

14.5-42.6 95.9

274
239

259-376 757 7

1154
1819

746
501

11

20.4-46.7 91.2

32.8
18.1

1064
1347
170
0

144-32.7 927 5

8.0-19.6

229
13.3

1200
1363

13
15
1

Gentamicin
Amikacin

10.5-40.6 971

1058

12.6-276 932 9

5.5-33.5

19.5
1

12
4

12.0-25.2 85.2
14.5-270 0.0

89.6 9

Insufficient data

1
1

94.5
17.2-446 965 8

71
3.1

30.0

20.3

Insufficient data

230

Tobramycin

Insufficient data

820

17.9-503 92.2

Insufficient data

317

785 0

9.9-334

204

Netilmicin

21.3-448 919

2.5

1365
602
393

10

13.9-53.0 97.8

1338

8
1

26.7-37.7 89.1
572 0

29.9
31.7

14

1385
286
552

15

Ciprofloxacin

Insufficient data

312

1

23.7-42.0 79.6
1.3-4.7

32.5
2.6

Insufficient data

14.6-51.8 91.2

0.3-33

Levofloxacin
Colistin

25.8

1.6-5.0

33

0.0

Insufficient data

In the current meta-analysis, the pooled resistance rate was
30.7% for ciprofloxacin and 32.3% for levofloxacin. When the
resistance rates were evaluated between the first and the second 5
years, resistance rates for ciprofloxacin were seen to decrease from
30.7% to 25.9%, with a significant downfall (P=0.0001), while there
was no significant change for levofloxacin. The rate resistance to
ciprofloxacin in strains isolated from ICU and non-ICU patients
were 38.3% and 40%, respectively, above the pooled prevalence of
resistance. This indicates that ciprofloxacin is becoming less
effective in ICU isolates.

In this meta-analysis, the resistance rates of ICU isolates were
found to be as follows: meropenem 46.7%, ciprofloxacin 38.3%,
ceftazidime 50.4%, and gentamycin 40.6%. In a multicentre study in
2013 from Turkey, which investigated the prevalence of antibiotic
resistance of healthcare-associated Gram-negative bloodstream
infections, the P. aeruginosa resistance rates to carbapenem,
quinolone, third-generation cephalosporin, and aminoglycoside
were 32%, 36%, 37%, and 19%, respectively [20]. The current
resistance rates are very high compared with the rates reported in
the multicentre study from Turkey. The number of the isolates that
were subjected to the resistance test affected the results of the
resistance comparisons. However, it can be concluded that there is
an increase in the resistance rates of antipseudomonal agents in
Turkish ICUs, as the current results provide powerful evidence and
are more up-to-date.

Aminoglycosides are active against P. aeruginosa but are
generally not used as single agents because of inadequate clinical
efficacy at most sites. Instead, aminoglycosides are frequently used
in combination with other antibiotics for the treatment of serious
infections. The current study found that pooled resistance rates to
gentamicin, amikacin, tobramycin and netilmicin were 28.2%,
17.8%, 15.7% and 27.9%, respectively. Comparing the first and
second 5-year periods, the pooled resistance rates to gentamicin
and tobramycin were significantly lower, while there was a
significant increase in amikacin. The highest level of resistance to
aminoglycosides was observed in urine isolates. Tobramycin and
amikacin were found to be the most active agents against P.
aeruginosa in this meta-analysis; however, tobramycin has not
been used in Turkey for a long time. According to this result,
amikasin is clearly a very useful addition to drugs that are used to
treat pseudomonas infections in hospitalised patients.

Colistin is an effective alternative agent for treating multidrug-
resistant P. aeruginosa. Thus, colistin is increasingly being used,
despite its well-known propensity for causing nephrotoxicity and
ototoxicity. In the current meta-analysis, pooled resistance to
colistin was 0.3% in the first 5 years and it was found to be 3.3% in
the second 5 years (P < 0.0008). Due to the increase in resistance to
colistin, it is expected that the use of this agent will be limited in
the future.

This meta-analysis determined significantly higher resistance
rates for piperacillin-tazobactam and meropenem in isolates from
ICU patients when compared with non-ICU patients (P=0.005 and
P=0.007). Intensive care unit stay, invasive device use, recent use
of wide-spectrum antimicrobial agents (cephalosporin, amino-
glycoside, carbapenem or quinolone), diabetes mellitus, and
surgery are risk factors for infections with resistant P. aeruginosa
[21]. Patients in ICUs usually have the risk of being hospitalised in
the ICU and also have other risk factors that increase the risk of
becoming infected with resistant strains. Therefore, it likely that
the current results are consistent with international data. The
reason why the rates of resistance of meropenem and piperacillin-
tazobactam are higher in ICUs may be that they are the usual first
preference in critically ill patients and consequent selection of
resistant strains. Carbapenems and g-lactam-g-lactamase inhibitor
combinations are the most common antibiotics used in inpatients
in Turkey [19]. In a study comparing the use of antipseudomonal



Table 4

Comparison of antibiotic resistance rates by geographical area.

Marmara Aegean Mediterranean Central Anatolia ~ South-eastern Anatolia  Eastern Anatolia  Black sea Multicentre P

Piperacillin N 2 1 4 1 3 0.1
Xm (Min-Max)  18.6 (15.0-22.2)  81.0 (81.0-81.0) 56.5 (25.0-86.1) 6.1 (6.1-6.1) 25.0 (20.3-58.3)

Piperacillin/tazobactam N 7 9 1 7 3 2 2 2 0.09
Xm (Min-Max)  19.1 (2.4-76.9) 67.5 (22.9-82.8) 7.1 (71-71) 15.2 (6.3-85.9) 27 (7.7-31.0) 16.0 (4.8-27.1) 18.2 (17.9-18.5) 24.7 (23.2-26.2)

Ceftazidime N 8 12 2 10 4 2 4 2 0.03"
Xm (Min-Max)  36.0 (9.8-41.0) 57.3 (32.0-66.0)  20.7 (5.0-36.4) 23.2 (8.5-65.8) 57.1 (32.0-66.0) 22.8 (4.5-414) 23.3(12.9-30.2) 25.7 (22.6-28.9)

Cefepime N 5 10 2 5 2 2 5 1 0.9
M=+SD 25.2+16.9 46.3 +16.6 21.0+21.8 39.2+151 37.5+17.7 31.7+35.9 40.7 £25.6 22.6

Cefoperazone-sulbactam N 4 6 1 1 2 - 1 2 0.2
M=+SD 259+18.6 59.8 +24.9 13.8 73.6 28.9+30.0 21.7+129 191+128

Imipenem N 8 12 2 9 4 2 5 2 0.2
Xm (Min-Max)  20.0 (10.0-59.1)  21.1 (18.0-45.0)  20.9 (11.1-30.7)  35.0 (20.3-72.0)  31.7 (26.0-46.0) 144 (4.5-24.3) 20.3 (8.9-70.8) 20.7 (15.1-26.2)

Meropenem N 6 7 1 8 2 1 3 1 0.5
Xm Min-Max) 25.9 (20.0-56.8)  29.1 (9.3-45.0) 111 (11.1-11.1) 29.8 (14.5-70.6)  22.0 (19.0-25.0) 16.7 (16.7-16.7) 70.8 (2.5-79.3) 16.7 (16.7-16.7)

Aztreonam N 1 5 - 5 - 1 - - 0.002¢
SD 370 80.4+17.3 43.7+4.5 9.7

Gentamicin N 6 1 2 10 1 1 5 0.3
SD 22.2+15.0 359+12.7 121422 28.5+16.3 36.0 19.4 22.2+15.0

Amikacin N 8 12 2 10 3 2 5 2 0.9
SD 20.2+14.0 17.4+13.9 89+51 20.8+19.9 31.0+9.6 13.2+1.6 17.4+20.9 22.6+0.1

Tobramycin N 2 3 - 1 - 1 - - 0.6
SD 9.5+34 273 +251 8.0 13.9

Netilmicin N 1 6 - 1 - - - - 0.6
M+SD 471 27.0+19.1 19.6

Ciprofloxacin N 7 12 1 10 42.5+24.7 2 4 2 0.12
M=+SD 19.7 £11.6 39.2+14.2 11.9 30.8+16.8 2 21.8+16 26.2+121 29+4.0

Levofloxacin N 3 3 3 - 0.84
M=+SD 34.8+12.6 33.8+19.8 21.3+133 32.6+16.0 - - 36.6+12.0

Colistin N 2 5 - 5 1 - 2 1 0.5
Xm (Min-Max) 1.1 (0.0-2.1) 0.0 (0.0-10.0) 3.9 (0.0-4.9) 0.0 (0.0-0.0) 2.0 (0.0-4.0) 4.2 (4.2-4.2)

N, number of studies; Xm, median; Min, minimum; Max, maximum; M, mean; SD, standard deviation.
@ The One-Way ANOVA test was used to compare normal distribution averaged samples. The Kruskal-Wallis test was used to compare non-normal distribution samples.
b AZT: There is a significant difference between groups and within the group. There is a statistical difference between eastern Anatolia and Aegean, Aegean and central Anatolian regions.

€ CAZ: Significant differences were found within the group. Post Hoc tests between the groups revealed a significant difference between the Aegean and Mediterranean, Aegean and Black Sea, central Anatolia and south-eastern

Anatolia, Black Sea and south-eastern Anatolia regions.
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Table 5
Comparison of antimicrobial resistance rates of isolates from intensive care and
clinics.

Antimicrobial agents Intensive care units Non-intensive care units P

Mean + SD Mean + SD
Piperacillin- 57.9+18.0 19.0+11.7 0.005
tazobactam

Ceftazidime 50.4+18.2 35.8+19.3 0.24
Cefepime 52.7+18.1 38.5+19.1 0.34
Imipenem 39.8+£24.9 30.8+11.5 0.5
Meropenem 46.7 +24.2 20.0+14 0.007
Gentamicin 404 +21.7 36.4+13.4 0.77
Amikacin 311+183 151+5.9 0.17
Ciprofloxacin 383+175 40.0 +21.2 0.97

penicillin in ICUs in Turkey with US National Nosocomial Infection
Surveillance System (NNIS) data, the use of antipseudomonal
penicillin and carbapenem in Turkey was found to be above the
90th percentile according to NNIS [17]. These results confirm that
there is a correlation between antipseudomonal penicillin and
carbapenem use and resistance rates.

Antibiotic resistance varies among countries, provinces and
hospitals. To demonstrate this difference, pooled resistance was
calculated according to the seven geographical regions in Turkey.
There was a statistically significant difference in the resistance
rates of ceftazidime and aztreonam according to the regions.
However, median values were compared for both agents, as the
data did not fit the normal distribution. According to this,
ceftazidime resistance was higher in the Aegean region than the
Mediterranean, central Anatolia and Black Sea regions, while it was
higher in the eastern Anatolian region than central Anatolian and
Black Sea regions.

In conclusion, the rates of antibiotic resistance in pathogenic
P. aeruginosa strains are substantially high in Turkey, and continue
to increase compared with previous years.

Carbapenem and antipseudomonal penicillin resistance
rates in P. aeruginosa have reached alarming proportions. Local
data and strict infection control practices can only control the
spread of virulent and resistant organisms; therefore, it is essential
to strengthen the surveillance of antibiotic resistance of
P. aeruginosa and to timeously update treatment guidelines in
Turkey.
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