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ÖZ 
Amaç: Bu çalışmanın amacı, üç yıllık dönemde bir  
üçüncü basamak hastanenin enfeksiyon etkeni nonfermen-
ter gram negatif izolatlarını ve antibiyotik direnç profille-
rini belirlemektir. 
Materyal ve Metot: Balıkesir Atatürk Şehir Hastanesi’n-
deki çeşitli kültürlerden, Ocak 2017-Aralık 2019 arasında, 
toplamda 3817 nonfermenter gram negatif organizma 
izole edilmiştir ve retrospektif olarak incelenmiştir. 
Tanımlama ve antibiyotik duyarlılıkları konvansiyonel 
yöntemler ve PhoenixTM 100 sistemi (Becton Dickinson, 
MA, ABD) ile yapılmıştır  
Bulgular: Toplamda; 2201 (%57,7) P. aeruginosa, 1283 
(%33,6) A. baumannii-calcoaceticus kompleks, 202 (%
5,3) S. maltophilia ve 131 (%3,4) B. cepacia kompleks 
suşu izole edildi. Suşların %54,5’i yoğun bakım ün-
itelerinden izole edildi ve bunu dahili branş (%33,4) ve 
cerrahi branş servisleri (%12,1) takip etti. Tüm A. bau-
mannii-calcoaceticus kompleks suşlarında test edilen altı 
antibiyotiğin dördüne %70’in üzerinde direnç belirlendi. 
Beta-laktam antibiyotik direncinin yanında (genellikle %
30’dan fazla gözlendi), florokinolon direnci de (%30,4) 
yüksekti. S. maltophilia izolatlarında, kotrimaksazol di-
renci %10’un altında kaldı. B. cepacia kompleks izo-
latlarında, seftazidim direnci yıllar içinde artış gösterdi 
(2018, %22,2; 2019, %67,0). 
Sonuç: Antibiyotik dir enci sorunu yalnız yeni antibiyo-
tiklerin geliştirilmesi ile değil, ayrıca bilinen antibiyotikle-
rin etkinliğinin arttırılması ile kazanılabilir. Bu amaca 
yönelik işlemlerde ilk basamak, yerel sürveyans çalışma-
ları gibi güncel durumun tespitidir.  
Anahtar Kelimeler: Acinetobacter , antimicrobial resis-
tance, Burkholderia, Pseudomonas, Stenotrophomonas  

ABSTRACT 
Objective: This study aimed to investigate clinical non-
fermenting gram-negative isolates and antibiotic resistance 
profiles for three years in a tertiary hospital.  
Materials and Methods: A total of 3817 non-fermenting 
gram-negative strains isolated from various cultures be-
tween January 2017 and December 2019 in Balıkesir Ata-
türk City Hospital were investigated retrospectively. Iden-
tification and antibiotic susceptibilities were performed 
using conventional methods and PhoenixTM 100 system 
(Becton Dickinson, MA, USA).  
Results: A total of 2201 (57.7%) P. aeruginosa, 1283 
(33.6%) A. baumannii-calcoaceticus complex, 202 (5.3%) 
S. maltophilia and 131 (3.4%) B. cepacia complex strains 
were identified. The majority of strains were isolated from 
intensive care units (54.5%), followed by internal medi-
cine (33.4%) and surgical services (12.1%). All A. bau-
mannii-calcoaceticus complex species showed over 70% 
resistance to most antibiotics. In addition to β-lactam anti-
biotic resistance (generally over 30%), resistance to fluo-
roquinolones (30.4%) seemed to have particular im-
portance. Co-trimoxazole showed below 10% resistance in 
S. maltophilia isolates. In B. cepacia complex, ceftazidime 
resistance increased in years (2018, 22.2%; 2019, 67.0%). 
Conclusion: The issue of antibiotic resistance cannot be 
won by just developing novel antimicrobials, but also by 
increasing the efficiency of current ones. The first step is 
to “diagnose” the current condition, like local surveillance 
studies.  
Keywords: Acinetobacter , antimicrobial r esistance, 
Burkholderia, Pseudomonas, Stenotrophomonas  
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INTRODUCTION 

During the 20th century, antibiotics created an up-

and-coming trend in the fight against infectious dis-

eases, which led to extensive consumption of them. 

Consequently, this has resulted in antimicrobial re-

sistance (AMR) issues. AMR and mortality have a 

strong correlation in infections. Furthermore, new 

antibiotic developments can not catch up with the 

resistance velocity. This condition forced communi-

ties to take proactive steps. The first one is continu-

ous surveillance studies on AMR, even at the local 

level, and guiding (or limiting/restricting) clinical 

usage of antibiotics (stewardship programs), which 

is a huge necessity.1 Recently, all international and 

national organizations endorse laboratories to make 

such surveillance, and as a result, studies like The 

Turkish National Antimicrobial Resistance Surveil-

lance System (UAMDSS), The Canadian Ward Sur-

veillance Study (CANWARD), Central Asian and 

European Surveillance of Antimicrobial Resistance 

(CAESAR), The SENTRY Antimicrobial Surveil-

lance Program and The European Antimicrobial 

Resistance Surveillance Network (EARS-Net) were 

performed.1-6 

The emerging problem of AMR and diminishing 

treatment options have alarmed not only microbiolo-

gy societies, but also worldwide organizations, in-

cluding political communities. According to The 

Centers for Disease Control and Prevention (CDC), 

carbapenem-resistant Acinetobacter spp. stands at 

the top of threat list as “urgent”, whereas Multidrug-

resistant (MDR) Pseudomonas aeruginosa defined as 

a “serious” threat.7 In addition, World Health Organ-

ization (WHO) declared carbapenem-resistant Aci-

netobacter baumannii and P. aeruginosa in critical 

priority category of new antibiotic requirements.8  

Despite rare isolation, Burkholderia cepacia com-

plex is strongly associated with fatal infections 

(particularly pulmonary infections in cystic fibrosis 

patients) and outbreaks due to contaminated medical 

equipment.9 Stenotrophomonas maltophilia is a com-

mensal organism with relatively low virulence. 

However, the similar capability of contaminated 

medical devices and solutions, colonizations in the 

healthcare settings and in addition, intrinsic re-

sistance to various antibiotics make the organism an 

important concern.10 

National and local antimicrobial stewardship poli-

cies require all laboratories and infection control 

boards a continuous follow-up and endorse 

healthcare facilities to take action. This study aimed 

to investigate infection-causative non-fermenting 

gram-negative isolates and their antibiotic resistance 

profile for three years in a state (tertiary) hospital. 

 

 

MATERIALS AND METHODS 

Ethics Committee Approval: Our study was ap-

proved by Balıkesir University, Faculty of Medicine 

Ethics Committee (Date: 21.11.2020, decision no: 

2020/196). It was conducted by the international 

declaration, guidelines, etc. 

Sample Size: Clinical cultures from January 2017 

to December 2019 in Balıkesir Atatürk City Hospital 

(tertiary center) were included in the study. Isolated 

strains and their antibiotic susceptibilities were eval-

uated, retrospectively. A total of 3817 isolates caus-

ing infections from various sites (blood, urinary 

tract, upper and lower respiratory, wound, abscess, 

external auditory, and other) were included in the 

study.  

Methods: All sample results except the first causa-

tive one were excluded for same-patient repetitious 

samples. Cultures were performed with conventional 

methods (Urine cultures: 35-37°C, 48h, ambient 

atmosphere with 5% sheep blood agar, eosin meth-

ylene blue agar; other samples: 35-37°C, 48h, 5% 

CO2 atmosphere with 5% sheep blood agar, eosin 

methylene blue agar, chocolate agar) (RTA Labora-

tories, Kocaeli, Turkey). Gram staining features such 

as hemolysis, morphology, etc., catalase and oxidase 

tests, biochemical analysis (triple sugar iron agar, 

indole, simmon citrate agar, urease positivity, etc.), 

and PhoenixTM 100 automated system (Becton Dick-

inson, MA, USA) were used for identifications. 

Antibiotic susceptibilities were performed by Phoe-

nixTM 100 automated system (Becton Dickinson, 

MA, USA) according to The European Committee 

on Antimicrobial Susceptibility Testing (EUCAST, 

valid from 01.01.2019, v.11) guideline. Since only 

broth microdilution is required for colistin suscepti-

bility, resistance could not be shared.11 Susceptibili-

ties for the B. cepacia complex were applied accord-

ing to The Clinical and Laboratory Standards Insti-

tute (CLSI).12 P. aeruginosa ATCC 27853 and E. 

coli ATCC 25922 were used as quality control 

strains. 

Statistical Analysis: Statistical analysis was per-

formed with SPSS 22.0 (IBM Inc, Chicago, IL, 

USA). Annual antimicrobial resistance ratios were 

compared by Chi-squared distribution test. p lev-

els<0.05 were accepted as statistically significant.  

 

RESULTS 

Among 3817 isolates, a total of 2201 (57.7%) P. 

aeruginosa, 1283 (33.6%) A. baumannii-

calcoaceticus complex, 202 (5.3%) S. maltophilia 

and 131 (3.4%) B. cepacia complex strains were 

identified. Distributions of species regarding sample 

type were presented in Table 1. The majority of 

strains were isolated from intensive care units 

(ICUs) (n=2079; 54.5%), followed by internal medi-
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cine (IMSs) (n=1276; 33.4%) and surgical services 

(SSs) (n=462; 12.1%). P. aeruginosa showed just a 

slightly higher isolation rate (n=973) from A. bau-

mannii-calcoaceticus complex (n=907) in ICUs, 

while it showed a strong predominance in other ser-

vices (IMSs, n=852; SSs, n=376). 

Table 1. Distr ibution of isolated species according to sample type. 

  
Sample / Species 

Acinetobacter 
baumannii- 

calcoaceticus 
complex 
(n=1283, 
33.6%) 

Pseudomo-
nas aeru-

ginosa 
(n=2201, 
57.7%) 

Burkholderia 
cepacia com-

plex 
(n=131, 
3.4%) 

Stenotrophomo-
nas maltophilia 

(n=202, 
5.3%) 

  
Over-
all (n) 

  
  

Sputum 284 551 12 83 930 
Urine 96 411 - 11 518 
Blood 150 133 17 18 318 
Lower Respiratory Samples 
(Bronchoalveolar lavage-BAL, Deep 
Tracheal Aspirate-DTA) 

522 520 98 71 1211 

Wound/Abscess 217 430 - 11 658 

Other (Sterile body fluids, cerebro-
spinal fluid, etc.) 

14 21 4 8 47 

External auditory - 135 - - 135 
Total 1283 2201 131 202 3817 

All antibiotic resistance profiles and comparisons 

among years were presented in Table 2 and Table 3. 

Except for co-trimoxazole and amikacin, all A. bau-

mannii-calcoaceticus complex species showed more 

than 70% resistance to antibiotics. Significant altera-

tions of resistance in aminoglycosides (particularly 

for amikacin) were observed (Gentamicin, 63.2% to 

77.0%; amikacin 29.1% to 66.6%). For P. aerugino-

sa, interestingly, an opposed significant decrease 

was found in amikacin (24% to 9.6%). In addition to 

β-lactam antibiotic resistance (generally over 30%), 

resistance to fluoroquinolones (30.4%) seemed to 

have particular importance. Co-trimoxazole is the 

only recommended antibiotic for testing of S. malto-

philia by EUCAST, and it showed promisingly below 

10% resistance overall. For B. cepacia complex, in 

particular, ceftazidime resistance massively in-

creased over the years (2018, 22.2%; 2019, 67.0%), 

which was statistically significant. A similar pattern 

was also observed for co-trimoxazole.  

Surveillance studies that include Turkish data like 

UAMDSS and CAESAR data directly show the gen-

eral position of Turkey.2,3 In addition, other compre-

hensive studies such as EARS-Net, SENTRY and 

CANWARD show resistance profiles.1,4-6 To gain an 

overlook opinion about our data and their concord-

ance with comprehensive studies, Table 4 was pre-

sented that included UAMDSS, CAESAR and 

EARS-Net data.2,3,6 

 

DISCUSSION AND CONCLUSION 

The A. baumannii-calcoaceticus complex is increas-

ingly important, especially for ICUs, and its infec-

tious spectrum is wide. Nosocomial outbreaks and 

their high antibiotic resistance rates (Multi-drug re-

sistance, MDR; extensive-drug resistance, XDR and 

pan-drug resistance, PDR) are major concerns. Sev-

eral mechanisms were identified for resistance, such 

as enzymatic inactivation (e.g., carbapenem-

hydrolyzing β-lactamases, carbapenemases), drug 

efflux, and/or by target site modifications.13 Car-

bapenem-resistant Acinetobacter spp. is declared a 

top priority that requires novel antibiotics, and such 

resistance shows an increasing trend also for other 

gram-negative bacteria. Recently, tigecycline and 

colistin resistance have become urgent condi-

tions.7,8,14 In this study, most A. baumannii-

calcoaceticus complex strains were isolated from 

respiratory samples (upper and lower) and from 

ICUs, which indicated colonization and infections as 

nosocomial conditions like ventilator-associated 

pneumonia. Wound samples followed these rates 

that note the biofilm formations. Aminoglycosides 

can be used as a part of combined therapies since 

EUCAST does not recommend them as monothera-

pies. However, this study showed a clear increase in 

resistance for both gentamicin and amikacin.11 Simi-

lar change was also observed in a 10-year blood-

stream infections (BSIs) study from Turkey, despite 

reported higher rates from UAMDSS and CAE-

SAR.2,3,15 Our resistance rates were notably higher 

from the 20-year worldwide panorama of SENTRY, 

but seem closer to 20-Year SENTRY BSI surveil-

lance.16,17 Of note, carbapenem resistance remains a 

problem in Turkey, including our facility, even 

though the results of our study showed a lower rate 
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profile. This might have caused because of sample 

types since comprehensive surveillance studies 

mainly depend on only severely invasive manifesta-

tions, including cerebrospinal fluid (CSF) and blood 

cultures (BCs).2,3 

Interestingly, there was an opposing condition in 

amikacin with P. aeruginosa. A statistically signifi-

cant decrease was observed, which is also contrary 

to UAMDSS. We believe this might have been be-

cause the physicians preferring to prescribe other 

antibiotics since their susceptibility patterns are not 

as high-resistant as Acinetobacter spp. In a compre-

hensive study from Turkey focused on lower respir-

atory samples, these two pathogens, P. aeruginosa 

and A. baumannii-calcoaceticus complex, were the 

leading causes of hospital-acquired infections. Sus-

ceptibility patterns were catastrophic, since car-

bapenem, fluoroquinolone and cephalosporin re-

sistance was over 90%, aminoglycoside resistance 

was over 75%, and colistin resistance was over 10% 

in A. baumannii-calcoaceticus complex. For P. ae-

ruginosa, carbapenem, fluoroquinolone and cepha-

losporin resistance were all above 30%, amikacin 

resistance was 19.9% and colistin resistance was 

7.5%.18 These rates seem to be more compatible 

with our results, since our strains were mainly isolat-

ed from respiratory samples, as stated before. As 

shown in Table 4, analysis of EARS-Net indicated a 

wide resistance-rate spectrum according to the data-

sourced country, but obviously, Turkey stands at 

“the high-rate position” for these two pathogens.6 

Despite statistical insignificance, a slightly rising 

trend of resistance can be observed for many antibi-

otics, which might support “prescription” hypothe-

sis. More data on antibiotic consumptions are re-

quired to explain this. Of note, antimicrobial con-

sumption and resistance in bacteria from humans 

and animals reported by The European Centre for 

Disease Prevention and Control (ECDC) showed a 

direct association with consumption and resistance.19 

Isolations of S. maltophilia and B. cepacia complex 

are generally rare, similar to our study (totally 

8.7%). The 20-year SENTRY study did not report 

any of these pathogens among BSIs and CAN-

WARD surveillance only reported S. maltophilia 

which were 1.6% of all isolates.4,16 The multicenter 

study of lower respiratory samples in Turkey noti-

fied 3.0% (total), and 10-year BSI study from Tur-

key stated 1.3% (S. maltophilia) and 0.3% (B. cepa-

cia complex) isolation rates.15,18 Like our data, S. 

maltophilia takes the third line of non-fermenting 

gram-negative agents causing healthcare-associated 

infections. It has capabilities of biofilm formation 

and attaching to surfaces, including medical devices. 

Long-term hospitalization in ICUs, corrupted im-

mune status, cystic fibrosis, major surgeries, me-

chanic ventilation and previous administration of 

broad-spectrum antibiotics are major risk factors for 

S. maltophilia infections.10 EUCAST only recom-

mends testing of co-trimoxazole, since it is suggest-

ed as the first-line therapeutic agent; however, mino-

cycline and doxycycline were also recommend-

ed.10,11 In this study, the co-trimoxazole resistance 

rate was 8.8%, which was slightly higher than SEN-

TRY study (4%) and the Turkish multicenter respir-

atory study (6.5%).17,18 However, some reports indi-

cate significantly higher results (>15%), confirming 

a potential growing problem.20,21 For B. cepacia 

complex, ceftazidime resistance in this study 

showed a significantly increasing trend (in total, 

44.3%, p<0,001). In several reports, rates of B. cepa-

cia complex strains that were found to be susceptible 

to doxycycline, minocycline, and ceftazidime were 

46.4%, 45.9% and 35-36%, respectively.9 Compar-

ing to the Turkish multicenter respiratory study, it 

was found that only meropenem showed a lower 

resistance in this study.18 Despite being a tertiary 

center, diseases like cystic fibrosis are rarely diag-

nosed in our facility; nevertheless, our resistance 

rates indicated a great concern. Our facility is in the 

phase of becoming “a training and research hospi-

tal,” which might cause the beginning of closer and 

long-term follow-up programs in such cases. So it is 

possible to encounter much more cases and isolate 

more strains. Thus, it seems to be crucial to take 

action immediately against antibiotic resistance even 

for such rarely isolated strains.  

There were some limitations of this study. First, our 

susceptibility results were mainly based on EU-

CAST methodology except for the B. cepacia com-

plex. Studies like SENTRY and UAMDSS were 

depended on CLSI guidelines, and some discrepan-

cies were reported between the results of the two 

methods.22 Both EUCAST and CLSI are reference 

methods, and so, as long as one reference method 

was used, it is important to observe general trends of 

resistance. Since their comparison is beyond the 

scope of this study, we believe these discrepancies 

created just a minor effect. Secondly, colistin re-

sistance could not be determined due to the incapa-

bility of using the broth microdilution method as 

EUCAST recommended. Colistin resistance is a 

growing concern worldwide, but the compatibility of 

automated devices and manual susceptibility tech-

niques are very poor, which makes it hard to test.23 

Thirdly, the retrospective character of the study 

might have caused data insufficiency to consider. It 

was unable to gain any information before 2017, and 

in addition, we could not reach to co-trimoxazole 

resistance data of S. maltophilia and B. cepacia com-

plex in 2017. Finally, to observe the possible rela-

tionship with resistance, we could not reach to anti-

biotic consumption data of our facility and/or area.  

In conclusion, despite recent increasing awareness 



Araştırma Makalesi (Research Article)                                                                                                               Ali Korhan Sığ ve ark. (et al.) 

 544 

worldwide, the conflict between humankind and 

resistant microorganisms is on the page of the nega-

tive side. As stated by many antimicrobial steward-

ship programs, this conflict cannot be won by just 

developing novel antimicrobials, but also by increas-

ing the efficiency of older ones.8 The first step of 

this approach is to “diagnose” the current condition 

since surveillance studies indicate such data. Still, it 

is also the continuity of this step via a standardized 

methodology. CLSI and EUCAST seem to fill this 

gap, and with these guidelines, it is crucial to report 

resistance data to observe both current conditions 

and particular changes after interventions. It should 

be in mind that this contestation starts with local 

data.  
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