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Abstract 
 
Background Acinetobacter baumannii (A. baumanii) has recently emerged as a major pathogen causing 

nosocomial infections in patients admitted to intensive care units with a surprisingly rapid 
acquisition of antibiotic resistance.  

Objective To study the rate of occurrence of A. baumanii isolated from different clinical specimens and to 
study the rate of occurrence of multidrug resistance especially NDM-1 and qnrA genes. 

Methods A total of sixty-two (62) clinical isolates of A. baumanii were tested against 14 antibiotics by disc 
diffusion method. Minimum inhibitory concentration was determined by agar dilution method for 
resistant isolates. Polymerase chain reaction (PCR) was performed to detect bla NDM-1 and qnrA 
genes. 

Results All Acinetobacter isolates were complete resistant to Colistin and Tigacycline (100%), while high 
rate of resistance was to Aztronem (93.54%), Cefotaxime, (91.93%), Ceftriaxone (88.70%) and 
Meropinem (80.64%). Moderate - to- low rate of resistance was to Ceftazidime (77.41%), Cefepim 
(75.80%), Peperacillin and Ciprofloxacin (74.19%), Gentamicin (69.35%), Levofloxacin (64.51%), 
Amikacin (61.29%) and Impenim (50%). The highest minimum inhibitory concentration value 128 
μg/mL was to Cefotaxime, Tigacycline and Colistin. While the lowest value 8 μg/mL was to 
Gentamicin, Imipenem, Ciprofloxacin and Levofloxacin. The PCR results showed that 50% of Metallo 
beta lactamase producers A. baumannii was carried bla NDM-1 gene in chromsomal DNA and 24 
(48%) of Flouroquinolone resistance A. baumannii harbored qnrA gene in chromsomal DNA while 
the prevalence of qnrA gene was (60.6%) in plasmid DNA. 

Conclusion There is a high prevalence of multidrug resistant A. baumannii in different samples from Baghdad 
with the high prevalence of bla NDM-1 and qnrA genes among this bacterium. 
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Introduction 

cinetobacter baumannii (A. baumanii) is 
a gram-negative, non-lactose fermenting 
organism that is increasingly recognized 

as a major opportunistic pathogen causing 

nosocomial infections (1). The organism is 
characterized by its tendency to acquire 
resistance to multiple classes of antimicrobials; 
including carbapenems, aminoglycosides, and 
fluoroquinolones (2). Identified New Delhi MBL-
1 (NDM-1) is a new type of carbapenemase 
belongs to the class B of Ambler β-lactamases 
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(3). It was first reported in Klebsiella 
pneumoniae and Escherichia coli derived from 
a Swedish patient of Indian origin who was 
admitted to hospital in New Delhi, India in 
2009 (4). Carbapenem resistance caused by 
acquiring the Metallo-beta-lactamases (MBL) is 
considered to be more serious than other 
resistance mechanisms because MBLs can 
almost hydrolyse all beta-lactam antibiotics 
except monobactams (5).  
Plasmid-mediated quinolone resistance 
(PMQR) genes, such as qnr family, can be 
horizontally transferred and contribute to 
reduced susceptibility to fluoroquinolones (6,7). 
The qnr genes appear to be acquired from 
chromosomal genes in aquatic bacteria (8). The 
gene was cloned and was found to produce a 
219-aa protein belonging to the pentapeptide 
repeat family (9), members of which are 
involved in protein-protein interactions. 
Purified qnr protein was shown to bind to and 
protect both DNA gyrase and topoisomerase IV 
from inhibition by ciprofloxacin (9,10).  
This study aimed to investigate the rate of 
occurrence of A. baumanii isolated from 
different clinical specimens and their resistance 
to different classes of antibiotics including 
Carbapenemes and Fluoroquinolone with the 
detection of (NDM-1) and (qnr) genes in this 
bacterium.                           
 
Methods 
Clinical isolates  
This study was conducted during the period 
from the first of November 2015 to the end of 
April 2016. Two hundred (200) of different 
clinical specimens include blood, urine, wound 
swabs, cerebrospinal fluid and sputum were 
collected from patients in Al-Imamein Al-
Kadhimein Medical City in Baghdad and Child 
Protection Hospital. One hundred and thirty-
two (132) swabs were obtained from injured 
soldiers and diabetic foot. The isolates were 
identified by conventional and biochemical 
methods.  
 
 

Antibiotic susceptibility testing  
Sixty-two of A. baumannii isolates were tested 
for their susceptibility to fourteen antimicrobial 
agents including; Amickacin (30 µg), 
Cefotaxime (30 μg), Ceftriaxone (30 μg) 
Ceftazidime (30 μg), Aztreonam (30 μg), 
Ciprofloxacin (10 μg), Cefepime (30 μg), Colistin 
sulphate (25 μg), Imipenem (10 μg), 
Gentamicin (30 μg), Meropenem (10 µg), 
Piperacillin (100 µg), Tigacyclin (15 µg), and 
Levofloxacin (5 µg) in accordance to Clinical 
and Laboratory Standards Institute (CLSI) 2014 
recommendations (11). 
 
Minimal inhibitory concentrations 
The minimum inhibitory concentration was 
determined for A. baumannii by Vitik2-System 
and standard agar dilution method (12) 
according to the CLSI (2014) (11). The antibiotic 
concentrations ranged from (0.125-128) μg/ml.  
 
DNA Extraction  
Chromosomal DNA were extracted using 
Genomic DNA extraction kit (Promega, USA), 
and analyzed on 1.5% agarose gel.  
 
Plasmid Extraction  
Rapid boiling method was used to extract 
plasmid DNA from clinical isolates according to 
Reischl et al. 2000 (13).   
Molecular detection of bla NDM-1 gene and 
qnrA gene from A. baumannii isolates using 
PCR technique 
Specific primer of NDM-1 gene was used as 
forward (5’-GGGCAGTCGCTTCCAACGGT) and 
reverse (5’-GTAGTGCTCAGTGTCGGCAT) (14).  
While the qnrA specific primer forward was (5’-
GATAAAGTTTTTCAGCAAGAGG) and reverse 
was (5’-ATCCAGATCGGCAAAGGTTA) (15) and 
Tri-phosphate isomerase genes were used as 
forward (5’-AAAGAAGCTACTAAGGGTACAAA) 
and reverse (5’-CATAATATTGGGTCTATTCCTAC) 
(16) that produce 475 bp, 593 bp and 230 bp 
respectively. 
Twenty microliter of PCR mixture composed of 
5 μl of PCR Master Mix (PCR Buffer, MgCl2, 
dNTPs and Taq DNA polymerase) (Promiga, 
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USA), 2 μl of each 2 μM forward and reverse 
primer sequences (Alfa- DNA, Canada), 4 μl   
volume of chromosomal DNA sample, and 
nuclease free water to complete the volume to 
20 μl. Internal control Triphosphate isomerase 
(tpi) 230 bp housekeeper gene was used as a 
positive control for compare with appositive 
results. The reaction was carried in Thermal 
cycler (Cleaver Scientific Thermal Cyclers- 
TC32/80, UK). PCR cycling program for 

detection of bla NDM, qnrA and tpi genes were 
showed in tables (1, 2 and 3) respectively. Of 
each amplified DNA, 10 μl were analyzed by 
electrophoresis in a 1.5% agarose gel at 70 V 
for 1 h in 1X Tris borate (TBE) containing 2.5% 
ethidium bromide. The samples were run 
alongside with 100 bp ladder (Promiga, USA) as 
molecular weight marker. The bands were 
visualized using UV Tran-illuminator (LKB, 
Sweden). 

 
Table 1. PCR program for detection of bla NDM genes Amplification by thermal cycler 

 

 
Table 2. PCR program for detection of qnrA genes Amplification by thermal cycler 

 

 
Table 3: PCR program for detection of tpi genes amplified by thermal cycler 

 

 
Results 
All Acinetobacter isolates were complete 
resistant to Colistin and Tigacycline 100%, 
while the high rate of resistance showed to 
Aztronem (93.54%), Cefotaxime (91.93%), 
Ceftriaxone (88.7%) and Meropinem (80.64%). 
Moderate-to-low rate of resistance to 
Ceftazidime (77.41%), Cefepim (75.80%), 

Peperacillin and Ciprofloxacin) 74.19%), 
Gentamicin (69.35%), Levofloxacin (64.51%), 
Amikacin (61.29%) and Impenim (50%) (Table 
4). 
The minimum inhibitory concentration (MIC) to 
detect the level of resistance was for Colitin 
and Tigacycline are ranged from (64-128 
μg/ml), Cefotaxime (128 μg/ml), Gentamicin (8-

Steps Temperature °C  Time Cycles 

Initial Denaturation 95 °C 5 minutes 1 

Denaturation 95 °C 30 seconds 
40 Annealing 56 °C 30 seconds 

Extension 72 °C 1 minute 

Final Extension 72 °C 15 minutes 1 

Steps Temperature °C  Time Cycles 

Initial Denaturation 94 °C 10 minutes 1 

Denaturation 94 °C 1 minute 
30 Annealing 57 °C 30 seconds 

Extension 72 °C 1 minute 

Final Extension 72 °C 10 minutes 1 

Steps Temperature °C  Time Cycles 

Initial Denaturation 95 °C 3 minutes 1 

Denaturation 95 °C 30 seconds 
40 Annealing 60 °C 30 seconds 

Extension 72 °C 30 seconds 

Final Extension 72 °C 10 minutes 1 
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16 μg/ml), Ceftazidime (32-64 μg/ml), 
Ceftriaxone and Cefepim (16-64 μg/mL), 
Amikacin (62-125 μg/ml), Ciprofloxacin (2-8 
μg/ml), Levofloxacin (4-8 μg/ml), Imipenem (8-
16 μg/mL), Pipracillin (64- ≥128 μg/mL) and 
Meropenem (64-128 μg/ml).  

By PCR essay, the amplified products of 
sequences of bla (NDM-1 gene) in 
chromosomal DNA, (qnrA gene) in both 
genomic and plasmid DNA and housekeeper 
gene (tpi) were of size 475 bp, 593bp and 
230bp respectively (Figures 1, 2 and 3). 

 
Table 4. Numbers and percentages of susceptibility of different isolates of A. baumannii 

 
AB 

(14) 

Blood 

(30) 

Urine 

(6) 

CSF 

(7) 

Wound 

(15) 

Sputum 

(4) 

Total 

(62) 
% 

 No % No % No % No % No %  R* S* 

IMP 11 36.6 3 50 7 100 9 60 1 25 31 50 50 

CTX 25 83.3 6 100 7 100 15 100 4 100 57 91.93 8.06 

CAZ 20 66.6 5 83.3 7 100 12 80 4 100 48 77.41 22.58 

CIP 20 66.6 3 50 7 100 12 80 4 100 46 74.19 25.80 

LEV 20 66.6 3 50 5 71.4 8 53.3 4 100 40 64.51 35.48 

PRL 21 70 5 83.3 6 85.7 13 86.6 4 100 49 74.19 25.80 

GEN 19 63.3 4 66,6 7 100 9 60 4 100 43 69.35 30.64 

FEP 20 66.6 5 83.6 6 85.7 12 80 4 100 47 75.80 24.19 

CO 30 100 6 100 7 100 15 100 4 100 62 100 0 

TG 30 100 6 100 7 100 15 100 4 100 62 100 0 

MEM 25 83.3 4 66.6 6 85.7 11 73.3 4 100 50 80.64 19.35 

Ak 18 60 2 33.3 6 85.7 8 53.3 4 100 38 61.29 38.70 

AT 26 86.6 6 100 7 100 15 100 4 100 58 93.54 6.45 

CTR 23 76.6 6 100 7 100 15 100 4 100 55 88.70 11.29 
AT, Aztronem; CTX, Cefotaxime; CRT, Ceftriaxone; CAZ, Ceftazidime; CIP, Ciprofloxacin; LEV, Levofloxacin; TG, 
Tigacycline; PRL, Peperacillin; CO, Colistin; GEN, Gentamicin; Ak, Amikacin; FEP, Cefepim; IMP, Imipenem; MEM, 
Meropinem, R*, resistance; S*, sensitive 

 
 

 
 

Figure 1. Gel electrophoresis of amplified PCR product (475 bp) for bla NDM-1 gene. Lane 1: 100 
bp ladder. Lanes 2-8:  Clinical isolates showing positive result. Lane 9: Internal control (tri–ph. 

iso.230 bp). Lane 10: Negative control. (1.5% agarose, 7 v/cm2, 1.5 hrs) 
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Figure 2. Gel electrophoresis of Amplified qnrA gene (593 bp) in genomic DNA using PCR with 
specific primers. Lane 1: 100 bp ladder. Lane 2: Positive control (tri-phosphotase 230 bp). Lane 3: 

Negative control.  Lanes 4-10: Clinical isolates showing positive result. (1.5% agarose, 7 v/cm2, 
1.5 hrs) 

 
 

 
 

Figure 3: Gel electrophoresis of Amplified plasmid DNA for qnrA gene (593bp) using PCR with 
specific primers. Lane 1: 100 bp ladder. Lane 2-9: Clinical isolates showing positive result Lane 

10: Negative control. (1% agarose, 7 v/cm2, 1.5 hrs) 
 

The present study also showed that the 
prevalence of bla NDM-1 was 25(50%) in 
chromosomal DNA, while the prevalence of 
qnrA gene was 24(48%) in chromosomal DNA 
and 20 (60.60%) in plasmid DNA (Table 5). 
The presence of bla NDM-1 genes (48.0%) in A. 
baumannii was associated with high 

percentage of resistance to Carbapenems 
(Imipenim (53.6%) and Meropenim (60%). Also, 
the presence of qnrA gene (46.0%) in A. 
baumannii association with high percentage of 
resistance to Fluoroquinolones group 
(Ciprofloxacin (64.7%) and Levofloxacillin 
(60.7%) (Tables 6 and 7). 
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Table 5. The prevalence of bla (NDM-1 gene) and qnrA gene in Acinetobacter isolates 
 

PCR-Results NDM-1 gene (DNA  (  qnrA gene (DNA) qnrA gene (plasmid) 

Positive No. (%) 25 (50.0%) 24 (48.0%) 20 (60.6%) 
Negative No. (%) 25 (50.0%) 26 (52.0%) 13 (39.4%) 

Total(No) 50 50 33 

 
Table 6. Association between, Imipenim and Meropenim   resistance and production of Metallo-

β-lactamase (NDM-1gene) by Acinetobacter isolates 
 

bla NDM-1 gene 
Imipenem (10 μg) Meropenem (10 μg ) 

R S Total R S Total 

Positive (No)% 15 (53.6%) 7 (36.8%) 22 24 (60.0%) 0 (0) 24 
Negative (No)%  13 (46.4%) 12 (63.2%) 25 16 (40.0%) 10 (100%) 26 

Total  28 19 47 40 10 50 

 P value  0.424 0.001* 
 ⃰Significant association (0.001) 

 
Table 7. Association between, Ciprofloxacin and Levofloxacillin resistance with presence of 

qnrA-gene in Acinetobacter isolates 
 

qnrA gene 
Ciprofloxacin (5 μg) Levofloxacin (5 μg) 

R S Total R S Total 

Positive (No)% 22 (64.7%) 0 (0) 22 17 (60.7%) 0 (0%) 17 
Negative (No)%  12 (35.3%) 13 (100%) 25 11 (39.3%) 15 (100%) 26 

Total  34 13 47 28 15 43 

 P value  0.001* 0.001* 
 ⃰Significant association (0.001) 

 
Discussion 
The present study observed that 100% of the 
isolates of A. baumannii are multidrug resistant 
(MDR) when tested by standard disk diffusion 
method. The most prominent results of 
antibiotic sensitivity showed that this 
bacterium is completely resistant to Colistin 
and Tigacycline 100%. A study in Iraq done by 
Al-Samaree and Al-Khafaji in 2016 (17), they 
reported that, 30% of isolates resistant to 
Colistin. However, the current results are not in 
line with study in Thailand (2014), they found 
that A. baumannii isolates were susceptible to 
Colistin (97%) (18). 
Modification of lipopolysaccharide outer 
membrane by addition of phosphor ethanol 
amine to the hepta-acylated lipid A structure 
has been suggested as a major mechanism of 

colistin resistance in A. baumannii (19-21). While 
the resistance to Tigecycline due to over 
expression of a multi-drug efflux pump in A. 
baumannii (22).  In this study, a very high 
percentage resistance of A. baumannii to 
Aztronem. Also, similar findings showed by Al-
Saleem 2013 (23) who found that A. baumannii 
clinical isolates developed 97.3% of resistance 
to Aztreonam and Ceftriaxone, 89.5% to 
Ceftazidime, 58.2% to Imipenem and 
Meropenem.  Moreover, Al-Mashhadani in 
2010 (24) studied the same bacterium revealed 
that, resistance percentage to Cefotaxime, 
Ceftazidime and Ceftriaxone were 100%. 
Carbapenem class represented by Imipenem 
and Meropenem. The current study was agreed 
with other study in Iraq; Al-Marjani in 2013 (25) 
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who found that a high level of resistance 
reached to 88.2% for Meropenem and 52.9% 
for Imipenem, with a resistance rate reached to 
100% for Ceftriaxone, Cefepime and 
Azteronam, but not identical with the results 
obtained by Shareek et al. 2012 (26) whom 
found that (12.2%) of isolates were resistant to 
Cefotaxime. 
Resistance to beta-lactams due to the presence 
of β-lactamases, which is the most prevailing 
mechanism of β-lactam resistance. These 
enzymes, at least partially, hydrolyze 
carbapenems along with other β -lactams (27). 
Lately a new extended spectrum AmpC enzyme 
was identified in A. baumannii, which able to 
hydrolyze Ceftazidime, Cefepime and 
Aztroenam (28). In regard to Fluoroquinolone 
resistance of A. baumannii is often caused by 
modifications in the structure of DNA gyrase 
secondary to mutations in the quinolone 
resistance-determining regions of the gyrA and 
parC genes (29,30). These changes result in a 
lower affinity for the binding of the quinolone 
to the enzyme-DNA complex, a second 
mechanism of resistance to the quinolones is 
mediated by efflux systems that decrease 
intracellular drug accumulation (31). In present 
study, the resistance of A. baumannii to 
Aminoglycoside is probably attributed to the 
fact that most clinical isolates of A. baumannii 
associated with Aminoglycoside-modifying 
enzymes or efflux pump mechanisms (32).  
In the current study, these results are very 
close to study Done by Shali in 2012 (33) whom 
showed that MIC to Imipenem was ≥ 16, about 
90% were resistant to Pipracillin/Tazobactam 
(MIC ≥ 128) whereas 85.71% of the strains 
showed resistance to Cefotaxim (MIC 16 - ≥ 
64), Ceftazidime and Amikacin (MIC ≥ 64), but 
varied in Gentamicin (MIC ≥ 64) and 
Ciprofloxacin (64-320). However, this result 
disagreed with done by Al-Marjani in 2013 (25) 
whom found that A. baumannii isolates had 
MIC > 512 μg/ml for Cefotaxime. The current 
results showed that approximately 50% of A. 
baumannii have NDM-1 gene 50% in 
chromosomal DNA the percentage of NDM-1 

gene in the current study was double of those 
in Egypt (34). The present result was agreed with 
study done by Al-Harmoosh in 2015 whom 
found that (20%) of A. baumannii were 
harbored bla NDM-1 gene and (40%) bla NDM-
2 (35). 
A study on the dissemination of NDM-1 
producing A. baumannii in Europe showed that 
the five isolates from Germany, France, 
Slovenia and Switzerland, which indicates a 
spread of NDM-producing clones in Europe (36). 
Sixty percent (60%) Carbapenem-resistant A. 
baumannii strains isolated in 2012 in the Tripoli 
Government Hospital, Lebanon, from civilians 
wounded during the Syrian war (5.71%) were 
positive to NDM-1genes from Syrian isolates) 
and 1.42% (1 Lebanese isolate) (37). However, 
two NDM-1-producing Klebsiella pneumoniae 
imported from Iraq were detected in 2010 (38). 
A study done by Shali in 2012 (33) who detected 
that blaOXA-23-like in all of 21 strains of A. 
baumannii and resistant percentages for all 
isolates were recorded; highest resistant rate 
was against ampicillin (100%) while lowest rate 
was against imipenem (57.1%). The MICs of 
imipenem for the resistant isolates were ≥16. 
All isolates show multi drug resistance to 
different antibiotics. The bla NDM-1 positive 
bacteria have been disseminated worldwide 
(39). This study noted, the presence of bla NDM-
1 genes (48.0%) in A. baumannii was associated 
with high percentage of resistance to 
Carbapenems (Imipenim (53.6%) and 
Meropenim (60%)). The bla NDM-1 genes 
responsible for Carpapenems resistance by 
encoding to enzymes, these enzymes partially 
hydrolyze carbapenems along with other b-
lactams (27). 
Similar findings were reported in Brazil by 
Chagas et al. 2015 when they observed 37.5% 
of qnrA gene found in A. baumannii isolates (40). 
Also, the presence of qnrA gene (46%) in A. 
baumannii association with high percentage of 
resistance to Fluoroquinolones group 
Ciprofloxacin (64.7%) and Levofloxacillin 
(60.7%). Members of which are involved in 
protein-protein interactions. Purified qnr 
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protein was shown to bind to and protect both 
DNA gyrase and topoisomerase IV from 
inhibition by Ciprofloxacin (9,10,41). The qnr 
genes appear to be acquired from 
chromosomal genes in aquatic bacteria (8). 
These results unlike some studies (42,43), that 
could not detect any qnrA in their clinical 
isolates of A. baumannii. None of the plasmid-
mediated qnr determinants have been 
identified so far in non-enterobacterial Gram-
negative species like A. baumannii in Iran (44). 
On the other hand, these plasmid-mediated 
determinants have been identified in many 
Enterobacteriaceae species throughout the 
world (45). The rapid emergence of multidrug-
resistant (MDR) strains is generally because of 
their capacity to acquire and disseminate 
exogenous genes associated with mobile 
genetic elements such as plasmids, 
transposons, integrons, and genomic islands. 
Plasmid-mediated quinolone resistance 
(PMQR) genes, such as qnr family, can be 
horizontally transferred and contribute to 
reduced susceptibility to fluoroquinolones, 
these genes code for proteins of the 
pentapeptide repeat family that protects DNA 
gyrase and topoisomerase IV from quinolone 
inhibition (8).    
This study concluded that Acinetobacter 
baumannii was the predominant species in 
patient with different infections in two 
hospitals in Baghdad. High frequency of A. 
baumannii infections was observed among 
neonates (<1 year). There was only a limited 
number of drugs sensitivity. Extended 
spectrum B-lactamase were increased in A. 
Baumannii is very alarming. Multidrug 
resistance A. baumannii to carbapenems 
(Impanel and Meropenim) and quinolones 
(Ciprofloxacin and Levofloxacin) was carried 
two genes have a role in the resistance. The bla 
NDM-1 genes is associated with the resistance 
to carbapenems specially IMP and MEM, and 
this gene is chromosomal- borne. The qnrA-
gene is associated with the resistant to 
quinolones is chromosomal and plasmid- 
borne. 
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