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ABSTRACT

الأهداف:  لدراسة العلاقة بين العزلات السريرية والبيئية، وتحليل كل من 
البيانات  البومانية، واستخدام  الراكدة  الظاهرية والجزيئية، في وباء  المظاهر 
الوبائية لتحديد مصدر الوباء ، ولتحديد عوامل الخطر المحتملة ، إضافة إلى 

إبلاغ الجهود المبذولة لمنع وإدارة الأوبئة في المستقبل.

الطريقة: تم عزل الراكدة البومانية من 5 عينات سريرية في مستشفى سلطان 
أسبوع.  لمدة  تركيا،  اسطنبول،  والبحوث،  للتدريب  هان  الحميد  عبد 
المزرعات. تم إجراء تحديد  أنشأنا مراقبة  للعدوى  المصادر المحتملة  لتحديد 
البومانية  لـلراكدة  الحيوية  للمضادات  الحساسية  واختبار  الميكروبيولوجية 
باستخدام الطرق التقليدية ونظام التعرف الآلي. تم استخدام تفاعل البلمرة 
 )PFGE( والطلاء الكهربائي للهلام النبضي )PCR( المتسلسل المتعدد

لفحص جين كاربابينيماز وتقييم العلاقة النسيليه.
 

ثقافات  من   3 في  البكتيريا  نمو  لوحظ  البيئية،  العينات  بين  من  النتائج: 
X و  المرضى  التي تم جمعها من  والبيئية  السريرية  العينات  العينة. تحتوي 
Y على أنماط مقاومة مشابهة للمضادات الحيوية. تتألف العزلات السريرية 
حيث   ، عزلات(   6( الأولى  المجموعة  من   Y و   X المرضى  من  والبيئية 

شكلت العزلات من المريض Z المجموعة الثانية )2 عزلة(.

على  تحتوي  بالفيروس  المرتبطة  العزلات  جميع  أن  اكتشفنا  لقد  الخاتمة: 
نفس جينات كاربابينيماز من نوع OXA. ارتبط التشابه المظهري، القائم 
الوراثي. هذه  بالتشابه  للميكروبات،  المضادة  الحساسية  أنماط  على تحليل 
متابعة  مع  الميكروبات  مضادات  مقاومة  أنماط  مراقبة  أن  إلى  تشير  النتائج 
أن  عن  للكشف  التضخيم  أساليب  استخدام  جانب  إلى  المزرعة،  ترصد 
والانتشار  المرض  لتفشي  مبكر  تحديد  أجل  من  مهمة  النسيلة  العلاقات 

السريع للتدابير المضادة المناسبة لوقف انتشار المسبب.

Objectives: To reveal the relationship between clinical 
and environmental isolates, analyzing both phenotypic 
and molecular aspects, in an Acinetobacter baumannii 
(A. baumannii) epidemic, and to use the epidemiological 
data to determine the source of the epidemic, to identify 
potential risk factors, and inform the effort to prevent 
and manage future epidemics.

Methods: Acinetobacter baumannii was isolated from 5 
clinical samples in Sultan Abdulhamid Han Training and 
Research hospital, Istanbul, Turkey, for a week period. To 
determine potential sources of infection we established 
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cultures surveillance. Microbiological identification and 
antibiotic susceptibility testing of A. baumannii were 
performed using conventional methods and automated 
identification system. Multiplex polymerase chain 
reaction (PCR) and pulsed-field gel electrophoresis 
(PFGE) were used for carbapenemase gene screening and 
clonal relationship evaluation.

Results: Among the environmental samples, bacterial 
growth was observed in 3 of the sample cultures. Clinical 
and environmental samples collected from patients X 
and Y had phenotypically similar antibiotic susceptibility 
patterns. The clinical and environmental isolates from 
patients X and Y comprised the first cluster (6 isolates), 
the isolates from patient Z formed the second cluster (2 
isolates).

Conclusion: We detected that all outbreak-related 
isolates contained the same OXA-type carbapenemase 
genes. Phenotypic similarity, based on the analysis of 
antimicrobial susceptibility patterns, was correlated 
with genotypic similarity. These results suggest that 
monitoring antimicrobial resistance patterns with daily 
culture surveillance follow-ups, coupled with the use 
of amplification based methods to detect that clonal 
relationships are important for the early identification 
of outbreaks and rapid deployment of proper 
countermeasures to halt the spread of the causative agent.
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A substantial increase in disease outbreaks caused 
by non-fermenter bacilli such as Acinetobacter 

baumannii (A. baumannii) has been observed in intensive 
care units (ICUs).1,2 The ability of A. baumannii to 
remain viable for long periods and its rapid dissemination 
through cross-contamination in hospital environments 
are both important considerations when studying the 
association of A. baumannii with health care-associated 
infections (HAI) and epidemics.1-3

In hospitals, respiratory equipments and devices 
are the most common surfaces for the colonization 
of Acinetobacter species; others include the bed rails, 
bedside table, bed linen, infusion tubing, bedpans, 
urinals, monitors, knobs, buttons and other medical 
equipments and “high frequency” touch surfaces.1-4 
Due to high rates of transfer by contact with skin, 
both patients and the hands of health care workers are 
important infection sources when infection control 
precautions are ignored during epidemics.3,5

Beyond its role as an epidemic causal factor, 
A. baumannii is also clinically important due to its ability 
to rapidly transfer antimicrobial resistance genes and 
produce resistant isolates. For example, the significant 
rise in carbapenem resistance had become a global 
issue.2,6-8 OXA-type carbapenemase-linked enzymatic 
destruction is the most effective resistance mechanism 
against carbapenems in A. baumannii.9,10 While the 
OXA-51 gene region is intrinsic to A. baumannii 
isolates, the presence of other OXA-type resistance 
genes such as OXA-23, OXA-24, and OXA-58 changes 
regionally.6,9

The multidisciplinary work of the Hospital 
Infection Control Committee (HICC) is necessary to 
evaluate epidemics of HAI detected in ICUs.2,3,11 Some 
of the precautions that can be applied are hand hygiene, 
culture surveillance sampling, a rigorous contact 
isolation protocol, strict precautions for carriers, 
patient isolation, cohorting of medical equipments, 
healthcare workers serving the affected patient group, 
environmental cleaning, and closing the unit after the 
outbreak.1-3,11-13 For the effective application of these 
measures, epidemiological typing becomes important 
in the determination of the source of the epidemic, 
transmission pathways, and the epidemiological 
relationship with patients.14,15 Although there are several 
phenotypic and genotypic typing methods available for 

this purpose, PFGE is currently accepted as the “gold 
standard” among genotyping methods owing to its high 
discriminatory power and repeatability.15,16

The aim of our study is to reveal the relationship 
between clinical and environmental isolates of 
A. baumannii, both phenotypically and genotypically, 
in an A. baumannii epidemic in the Anesthesiology and 
Reanimation ICU and the use of the epidemiological 
data to determine the epidemic’s source, identifying 
potential risk factors, and to inform the effort to prevent 
and manage future epidemics.

Methods. Acinetobacter baumannii was isolated 
from 5 clinical samples (blood, respiratory catheter, 
bronchoalveolar lavage and 2 respiratory secretion 
samples) of 3 different patients sent to the medical 
microbiology laboratory of Sultan Abdulhamid Han 
Training and Research hospital, Istanbul, Turkey, from 
the Anesthesiology and Reanimation ICU for a week 
period between 03 January 2015 and 10 January 2015. 
During this period 48 clinical samples were sent from 
10 patients which were treated in the same ICU. In 
association with the hospital’s HICC, similar cases 
identified in the Anesthesiology and Reanimation ICU 
were recognized as a potential outbreak. Established 
protocols to determine the source and identify potential 
risk factors were initiated. A total of 59 samples for 
cultures surveillance were collected from Anesthesiology 
and Reanimation ICU patients, and from various 
locations in the environment such as bedsides, patient 
shelves, monitors, infusion pumps, patient files, 
refrigerators, dressing carts, phones, defibrillators, the 
nursing desk, computer keyboards, and the hands of 
the Anesthesiology and Reanimation ICU staff. After 
terminal disinfection, control surveillance samples were 
collected. Infected patients were isolated, and strict 
contact isolation procedures were initiated. Infected 
patients, related medical staff, and associated medical 
devices were cohorted. Hand hygiene and hospital 
infection education were presented to all hospital staff 
by the HICC.

Clinical and environmental samples were inoculated 
onto 5% sheep’s blood agar and eosin methylene blue 
agar and incubated between 18-24 hours at 37°C in 
the presence of 5% CO2. Microbiological identification 
of A. baumannii was achieved using conventional 
diagnostic tests (oxidase, catalase, sugar fermentation, 
motility, citrate utilization, and ability to grow at 41°C 
and 44°C.17 The VITEK®2 automated identification 
system using the VITEK®2 GN ID card (bioMerieux, 
France). For further confirmation, PCR was used to 
detect the intrinsic OXA-51 resistance gene.6,7,9
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The VITEK®2 automated identification system 
AST-N262 card (Biomerieux, France) was used 
to determine the antibiotic susceptibility patterns 
for amikacin, cefepime ceftazidime, ceftriaxone, 
cefotaxime, ciprofloxacin, colistin, doxycycline, 
gentamicin, imipenem, levofloxacin, meropenem, 
minocycline, piperacillin-tazobactam and tobramycin. 
Results were interpreted according to an identification 
criteria set for A. baumannii by the Clinical and 
Laboratory Standards Institute (CLSI).18 For the 
extraction of DNA frames using PCR applications, The 
MagCore®HF16 automated DNA extracting system and 
genomic DNA Bacterial Kit (RBC Bioscience, Taiwan) 
were used according to manufacturer’s instructions. For 
OXA-type carbapenemase screening, primers targeting 
the OXA-23, OXA-24, OXA-51, and OXA-58 gene 
regions were used in multiplex PCRs.19,20 The primers 
and estimated PCR DNA segment sizes are shown in 
(Table 1).

The PFGE analysis of A. baumannii isolates was 
performed after digestion with ApaI enzyme.21,22 The 
relationship between isolates was evaluated by studying 
band profiles according to criteria developed by Tenover 
et al.23 Open source PyElph software (version 1.4) was 
used for the analysis. Band tolerance was set at 2% 
for the calculation of similarity coefficients. Pulsed-
field gel electrophoresis profile dendrograms were 
constructed, and a cluster analysis was completed with 
the “unweighted pair-group method with arithmetic 
averages” approach.

Results. Among the environmental samples, bacterial 
growth was observed in 3: the patient shelf, patient 
monitor, and the infusion pump. All 8 isolates obtained 
from the 5 clinical and 3 environmental sources were 
identified as A. baumannii complex by conventional 
methods and the VITEK®2 system. All isolates were 
susceptible to colistin and tobramycin and resistant 
to cefepime, cefotaxime, ceftazidime, ceftriaxone, 

ciprofloxacin, doxycycline, imipenem, levofloxacin, 
meropenem, minocycline and piperacillin-tazobactam. 
The clinical and environmental samples of patients X and 
Y had phenotypically similar antibiotic susceptibility 
patterns (Table 2).

All isolates were positive for the OXA-51 and 
OXA-23 gene regions. None of the isolates were 
positive for the OXA-24 and OXA-58 gene regions 
(Figure 1, Table 2).

According to the Tenover criteria,23 used for band 
analysis in molecular typing, 6 of the isolates appeared 
to have the same band profile and were considered 
epidemic isolates. Two isolates contained 3 bands that 
differed from those of the epidemic isolates, and they 
were most likely epidemic associated isolates or closely 
related isolates. For the analysis of band images, we used 
open source coded PyElph software (version 1.4). The 
cutoff value for determining the PFGE genotype was 
85.2%, and we determined that the 8 isolates included 
in the study formed 2 clusters (Figure 2, Table 2). The 
clinical and environmental isolates obtained from 
patients X and Y made up the first cluster (6 isolates), 
the 2 isolates associated with patient Z formed the 
second cluster (Figure 2, Table 2).

Discussion. Acinetobacter baumannii is a common 
pathogen found in ICUs where invasive procedures 
are frequently performed, broad-spectrum antibiotics 
are widely used, and immune suppressed patients 
are regularly treated.9,14,24 Acinetobacter baumannii 
typically colonizes respiratory equipment. It can cause 
a wide range of HAI including respiratory system 
and circulatory system infections and is responsible 
for epidemics of those distinct infections as well.8,14,24 
In a study by Mezzetesta et al,25 70.1% of hospital 
infections caused by A. baumannii were respiratory 
system infections, and 16.9% were blood infections. 
Although this is a descriptive study with few isolates and 
results obtained from this isolates were not predictive, 
we roughly found similar percentages (4 respiratory 
infections-80% and one circulatory system infection-
20%) during the A. baumannii epidemic.

Acinetobacter baumannii complex (ABC) includes 
several bacterial species which are; Acinetobacter 
calcoaceticus (A. calcoaceticus), A. baumannii, 
Acinetobacter pittii (A. pittii) 3 species and Acinetobacter 
nosocomialis (A. nosocomialis) species 13TU.7,17 
Although these species are included in ABC, they 
have totally different clinical symptoms, dissemination 
patterns, antibiotic resistance mechanisms and 
epidemiology.7 For this reason it’s very important to 
discriminate A. baumannii from other ABC species. 

Table 1 - Primers used for PCR applications and expected band sizes.

Primers Sequence (5’-3’) Expected band sizes
OXA-23-
OXA-23-

GAT CGG ATT GGA GAA CCA GA
ATT TCT GAC CGC ATT TCC AT

501bp

OXA-24-
OXA-24-

GGT TAG TTG GCC CCC TTA AA
AGT TGA GCG AAA AGG GGA TT

246bp

OXA-51-
OXA-51-

TAA TGC TTT GAT CGG CCT TG
TGG ATT GCA CTT CAT CTT GG

353bp

OXA-58-
OXA-58-

AAG TAT TGG GGC TTG TGC TG
CCC CTC TGC GCT CTA CAT AC

599bp

PCR - polymerase chain reaction, OXA - OXA-type carbapenemases, 
bp - band size
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Phenotypic methods and molecular tests are the most 
widely used systems for identification of A. baumannii, 
but differentiating Acinetobacter species by biochemical 
methods is difficult. Commercial systems using 
biochemical properties such as VITEK®2 cannot 
discriminate between ABC species.26 In our study, all 
isolates were identified as ABC by VITEK®2. Ability to 
grow at 41°C and 44°C and intrinsic presence of the 
OXA-51 gene were used for species differentiation; all 
isolates were identified as A. baumannii. Several studies 

indicate that the presence of the OXA-51 resistance 
gene can be used for identification of A. baumannii.6,7,25

Development of resistance to carbapenems, which 
are broad-spectrum beta-lactam antibiotics, is a serious 
problem when treating Acinetobacter infections.2,9 
Carbapenem resistance was found in 100% of 
A. baumannii isolates in studies performed by Teo et al,27 
and Hammerun et al.28 Similarly, in our study, we found 
all A. baumannii isolates were resistant to imipenem 
and meropenem minimum inhibitory concentration 
(MIC) values of ≥16 mg/L from VITEK®2 for both 
imipenem and meropenem. We identified tobramycin 
MIC value of ≤4 mg/L from VITEK®, and colistin MIC 
value of ≤0.5 mg/L from VITEK®2, as the most effective 
antimicrobial agents, both exhibiting 100% sensitivity. 
Previous studies also reported colistin sensitivity of 
A. baumannii as 100%.25,27,29

The expression of OXA-type carbapenemases 
is the most common resistance mechanism seen in 
A. baumannii.9,10 The multiplex PCR method, which 
we used to screen for resistance genes, provides the 
opportunity to search for multiple gene regions with 
a single reaction.9,15 All of the isolates in our study 
contained OXA-51 and OXA-23 gene regions, as 
detected by multiplex PCR. It is known that the isolates 
producing OXA-23 carbapenemase exhibit high levels 
of imipenem and meropenem hydrolysis.1,6,30 In our 
study, we found all of the isolates positive for both 
OXA-23 and OXA-51 show carbapenem resistance 
(≥16 mg/L). In the study of Teo et al,27 all 49 isolates 
which contained both OXA-23 and OXA-51 genes, 
had carbapenem resistance. Rezaei et al,31 reported that 
the prevalence of OXA-58 containing isolates decreased 
in A. baumannii epidemics in ICUs and the prevalence 
of OXA-23 increased. This result is most likely due to 
the higher carbapenemase activity of OXA-23 when 
compared to that of OXA-58.25

Table 2 - Results of demographic data, antibiotic resistance profiles, OXA genes and PFGE analysis of isolates.

Lane Patient Gender Age Site of isolation Antibiotic resistance 
profiles

OXA genes PFGE analysis

1 X Male 80 Blood 1 OXA-23+OXA-51 A
2 X Male 80 Respiratory secretion 1 OXA-23+OXA-51 A
3 Y Female 78 Respiratory catheter 1 OXA-23+OXA-51 A
4 Y Female 78 Bronchoalveolar lavage 1 OXA-23+OXA-51 A
5 Y Female 78 Patient shelf 1 OXA-23+OXA-51 A
6 Y Female 78 Infusion pump 1 OXA-23+OXA-51 A
7 Z Male 56 Respiratory secretion 2 OXA-23+OXA-51 B
8 Z Male 56 Patient monitor 2 OXA-23+OXA-51 B

OXA - OXA-type carbapenemases, PFGE - pulsed-field gel electrophoresis.

Figure 1 - The detection of OXA-carbapenamase encoding genes by 
multiplex PCR. M: 100bp DNA Marker. Lane 1: positive 
control isolate containing OXA-23, OXA-51 and OXA-58 
genes, lane 2: positive control isolate containing OXA-24, 
OXA-51 genes, lane 3: representative image of 8 isolates both 
containing OXA-23 and OXA-51 genes, lane 4: negative 
control.
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The clonal relationships between the bacterial 
isolates can be demonstrated by molecular typing 
methods, such as PFGE and multilocus sequence 
typing (MLST) in epidemiological analyses.1,14-16,28,32 
Although it has complicated protocols and there 
are no standard methods for the interpretation and 
share of data, PFGE is still more widely used ‘gold 
standart’ molecular typing method.28,32 Multilocus 
sequence typing which gives significant information 
for comparison and potential tracing of international-
spreading clones and should replace PFGE typing.28 In 
this study, PFGE analysis was performed to determine 
clonal relationships, and all isolates were found to 
be clonally related and could be differentiated into 
2 PFGE clusters (A and B) with an 85.2% similarity 
coefficient. In other studies, similarity coefficients 
were set at 80% for PFGE analysis, which is similar 
to our study.21,25 Li et al,7 reported 33 different PFGE 
patterns for 145 carbapenem resistant A. baumannii 
isolates and detected 8 different PFGE clones. Keskin 
et al,19 studied a group of 201 Acinetobacter spp. isolates 
and found they could be categorized into 4 dominant 
genotypes (A, B, C, and D). Ambrosi et al,33 found 
31 A. baumannii isolates grouped into 3 subtypes (A, 
B, and C). Guo-Xin et al,29 found 62 A. baumannii 
isolates representing 9 different clones. Hammerun et 
al,28 detected 4 different PFGE profiles in 8 investigated 
isolates and found 4 of the isolates were related to each 
other. In our study, we found 6 isolates in cluster A 
(epidemic isolates) and 2 in cluster B (isolates closely 
related to the epidemic isolates). 

Likewise, Çetinkol et al,34 showed that all 50 
multidrug-resistant A. baumannii isolates, except one, 
were grouped in the same cluster and thought to be 

epidemic isolates. In a study managed by Karagöz et 
al,35 a total of 54 A. baumannii isolates were collected 
during an outbreak and when analyzed appeared to 
originate from a single clone considered responsible 
for the outbreak. Based on PFGE profiles, we detected 
that all epidemic isolates had the same OXA-type 
carbapenemase genes and the phenotypic similarity 
determined by analyzing antimicrobial susceptibility 
patterns correlated with genotypic similarity (Table 2).

Because of early intervention of the HICC, the 
epidemic was successfully controlled without mortalities 
or closure of the unit. At that time our national and local 
guidelines were used for infection control procedures 
with success, but for today we recommend to update 
these guidelines by the help of a more comprehensive 
and specific World Health Organization (WHO) 
guideline for carbapenem-resistant Enterobacteriaceae, 
A. baumannii and Pseudomonas aeruginosa.

In conclusion, our results suggest that the 
determination of antimicrobial resistance patterns 
with daily cultures surveillance follow-ups, identifying 
resistance gene patterns with amplification-based 
methods, and the detection of clonal relationships 
through PFGE analysis are important for the early 
detection of outbreaks and the rapid implementation 
of proper countermeasures to stop the spread of the 
infective agent.
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