
 

The current study included molecular evaluation of infection with Acinetobacter baumannii. During the 
period from (November 2020) to (June 2021), 200 different samples were collected from some hospitals 
in the city of Baghdad. (100) samples were from the hospital environment: 36% of them are isolated from 
patient beds, 14% from floors, 7% from tables, 5% from incubators, 18% from hospital equipment and 
20% from standing water, In addition to (100) clinical samples from infected patients, 32% were isolated 
from sputum, 24% from urine, 16% from wounds, 10% from blood, 3% from burns and 6% fluids such as 
(spinal cord, pleural and peritoneum). Infections with Acinetobacter baumannii. Microscopic 
examination and culture diagnosis of bacteria were carried out, and the diagnosis was confirmed by 
complete biochemical tests, using the diagnostic kit API 20E, as well as using the VITEK2 Compact System, 
in addition to studying the genetic sequence of bacteria 16S rRNA to find out the diversity and genetic 
difference between bacterial isolates collected from environmental and clinical sources and knowing the 
ability of bacterial isolates to resist different antibiotics used in the current study. 

 

 

Acinetobacter baumannii, is Gram negative bacteria that are 
(Non-lactose fermenting, characterized by a spherical rod 
shape (Coccobacilli, Aerobic bacteria), belonging to the 
family of Moraxellacea [1]. A. baumannii is a non-motile 
bacterium that does not produce the enzyme cytochrome 
oxidase, urease citrate, and indole, In addition to produces 
the enzyme catalase, Many environmental bacterial isolates 
grow at a temperature ranging from 20C° to 30C°, while A. 
baumannii bacteria grow at a temperature of 44 C° [2, 3]. 
They are short, typically (1.0–1.5) μm by (1.5–2.5) μm in size 
as measured during the rapid phase of their growth but often 
develop into more coccoid in the stationary phase, usually 
present in pairs or long chains of different in length [4]. 
Bacteria of the genus Acinetobacter can survive a low 
pH=3.37 but the best pH for A. baumannii is 6.5. [5]. 
A. baumannii is a pathogenic, opportunistic organism that 
infects humans in society and hospitals, [6]. Patients with 
immune system defects, in particular, are at risk, especially 
those with burn infections and patients hospitalized in 
intensive care (ICU). It plays an important role in many 
illnesses, including septicemia, pneumonia, meningitis, soft 
tissues, skin infection, endocarditis. and urinary tract 
infection (UTI) [7]. 
A. baumannii can survive for a long time (more than a 
month) in a dry environment, and this allows it to survive 
for a long time in hospital environments and cause 
infections [8]. The natural habitat of this bacteria is water, 
soil, animals, human tissues, pets, and arthropods [9, 10]. 
Acinetobacter baumannii is widely distributed in tropical 
environments, during wars and natural disasters, and in 
hospitals, [11]. Bacteria can colonize different sites of the 
body, including the skin, wounds, and the gastro-intestinal 
ducts [11]. (Mouth biofilm), which leads to the 

development of pneumonia if the infection develops to the 
lower respiratory tract [12]. A. baumannii possesses several 
virulence factors that increase its pathogenicity, including 
biofilm formation that increases the ability of bacteria to 
adhere to both living and non-living surfaces (biotic and 
abiotic), [13]. producing capsular polysaccharides that 
increases the resistance of bacteria to antibiotics [14], as 
well as "the production of the enzyme phospholipase," 
which degrades the host cell wall and increases the 
virulence of bacteria [15] as well as outer membrane 
proteins that contribute to the host cell apoptosis process 
[16]. 
A. baumannii possesses several mechanisms of antibiotic 
resistance including the efflux pump mechanism, modifying 
enzymes mechanism, alteration of outer membrane 
permeability defect mechanism, and alteration of antibiotic 
target sites [17], rendering it resistant to many drugs, 
including a group of beta-lactam antibiotics (β-lactam, an 
aminoglycoside group) and a group of fluoroquinolones [18, 
19]. 
Studies have shown that phenotyping of Acinetobacter 
isolates at the species level is insufficient [20]. Therefore, 
several genetic methods have been developed to identify 
the species (genetic) of microbes, including A. baumannii. 
species identification is made possible using advanced 
molecular techniques including RDRA amplified RNA 
restriction analysis, 16S-23S rRNA, and the entire 
ribosomal operon Acinetobacter [21]. The ITS region 
separating the 16S and 23S rRNA genes, on the other 
hand, has been recommended as a good option for 
bacterial species identification since it has minimal 
intraspecific variability and substantial interspecific 
divergence [22]. 
A. baumannii possesses many antibiotic resistance genes 
and of different groups, including the aacC1 resistance 



gene which makes it resistant to a group of anti-
Aminoglycosides [23]. The bla-OXA 23 like gene and the 
bla-OXA 51 like the gene for the β-lactam against group 
Carbapinims [24], and the gene (pmrA) that is resistant to 
the antibiotic Colistin [25]. 

 

During a period between (November 2020) and (June 
2021), 200 bacterial samples of Acinetobacter baumannii 
were collected, 100 of which were collected from the 
hospital’s environment (beds, floors, tables, incubators, 
equipment, and stagnant water). The other 100 samples 
were clinical specimens and including blood, sputum, 
fluids (cerebrospinal, pleural, and peritoneal), urine, 
wounds, and burns) which were collected from different 
hospitals in Baghdad. 

2.1 Identification of Acinetobacter baumannii 
via API 20E 

According to the procedure suggested by the 
manufacturing company. This system was designed for 
the performance of 20 standard biochemical tests from a 
single colony of purified isolate. The bacterial suspension 
was prepared for all the isolates from well-isolated 
colonies using API suspension medium and the turbidity 
adjusted to 0.5 McFarland (1.5x108 CFU/ml), with sterile 
a Pasteur pipette, the twenty microtubes were inoculated 
according to the manufacturer instruction. 

2.2 Identification of Acinetobacter baumannii 
via VITEK2 Compact System 

The bacterial isolate was identified using the VITEK2 
technology. On MacConkey agar dishes, the bacterial 
isolates were subcultured. Bacterial suspensions in 0.45 
percent sterile NaCl solution were employed, which were 
similar to MacFarland 0.5x 108 standards. 

2.3 Methods and Workflow of DNA Extraction 

Bacterial DNA was extracted based on the manufacturer’s 
instructions and through a (Genomic DNA extraction) kit, 
which was prepared by the American company and used to 
extract DNA (for gram-negative bacteria, the gene (16Sr RNA 
was used) For the final diagnosis of bacterial isolates for the 
study using the primers for this gene that were prepared 
according to the recommendations of the manufacturer. 

Table (1) Primer of 16S rRNA 

Primer 
Name 

Seq. 
Annealin
g Temp 

(°C) 

Product 
size-(bp) 

27F 5`-AGAGTTTGATCCTGGCTCAG-3` 
60 1500 

1492R 5`-TACGGTTACCTTGTTACGACTT-3` 

2.4 Standard Sequencing 

PCR products were provided by Macrogen Corporation – 
Korea for Sanger sequencing utilizing an ABI3730XL 
automated DNA sequences. 

2.5 Antibiotic Susceptibility Test: VITEK® 2 
Gram-Negative Susceptibility cards. 

Pure isolates of organisms to be tested were taken from 
Maconkey agar, VITEK 2 Card AST Gram-Negative, age of 
culture 8-24 hours, McFarland Standard (0.50 to 0.63) x108 

CFU/ml, and age of suspension before loading on instrument 
≤ 30 minutes. VITEK cards ID-GN for detection susceptibility 
results of (gram-negative identification), [26]. 

2.6 Statistical analysis 

The mean ± SE of mean was calculated by using the IBM 
SPSS version 26.0 [27]. The probability was also examined 
by using student T-test and at the level of probability ≥ 
(0.05, 0.01). 
The WinPepi application version 11.65 was used to 
calculate the probability for non-parametric data using 
Pearson's chi-square test [28]. 

 

3.1 Identification using the API 20 E system. 

The API 20 E system was utilized as a sensitive and delicate 

for Acinetobacter baumannii identification. 
3.2 Identification of Acinetobacter baumannii 
by VITEK 2 system 

Most of the samples that were isolated as A. baumannii by 
using VITEK 2 system with its identification card for Gram 
negative strains (ID-GNB). 

3.3 Distribution of Acinetobacter baumannii 
based on the source 

The isolates from patients were regained and verified as A. 
baumannii these distributed in 32% isolates for sputum 
followed by 24% for urine, then 16% for wound, 10% for 
blood specimens, 6% for ceribro spinal fluid (C.S.F) besides 
3% for burns. On the other side, 100 isolates of A. baumannii 
bacteria were collected and isolated from the environment 
in the current study, and they were distributed as 36% isolate 
from beds, 14% floors, 7% tables, 5% incubators, 18% 
hospital equipment and 20% stagnant water. 

3.4 Identification of A. baumannii by detection 
of 16S rRNA genes. 

All the isolates were grown on Chrom Agar for A. baumannii 
and were incubated for 48 hours at 37°C under aerobic 
conditions After obtaining the results of the Vitek device, 
which confirms the identity of the isolated bacteria  A. 
baumannii 20 bacterial isolates were selected, which were 
isolated from different places from the patients and the 
environment, and the bacterial colonies were then used for 
DNA extraction according to the protocol of ABIOpure 
Extraction. 
Amplification of the 16S rRNA gene (1500 bp) was 
performed by using universal primers 27F(5`-
AGAGTTTGATCCTGGCTCAG-3`) and 1492R (5`-
TACGGTTACCTTGTTACGACTT-3`) These primers were 
supplied by (Macrogen Company) in a lyophilized form, 
After PCR amplification, the existence of amplification 
was confirmed using agarose gel electrophoresis. The 
extracted DNA criteria were fully reliant on PCR. These 
products were submitted to Macrogen Corporation in 
Korea for Sanger sequencing using an ABI3730XL 
automated DNA sequences, with the results confirming 
the identify of A. baumannii being sent isolates for study, 
11 selected isolates were recorded in the GeneBank and 



they were in the following sequences: (OK035267.1 from 
sputum, OK035269.1 from urine, OK035329.1 from urine, 
OK035445.1 from urine, OK036427.1 from wound, 
OK040149.1 from environment of the Pediatric Teaching 
Hospital, neonate unit, OK036437.1 from environment of 
the Pediatric Teaching Hospital, OK036439.1 from 
environment of the Baghdad Teaching Hospital, neonate 
unit, OK036440.1from environment of Pediatric Teaching 
Hospital, dialysis unit, OK036452.1 from Environment of 
stagnant water near of Baghdad Teaching Hospital 
garden, OK354325.1 from stagnant water). 

a. Antibiotic susceptibility test 

The sensitivity of the isolates was tested to (19) 
commonly used anti-biotics to reveal the pattern of their 
resistance to the treatments used. The study included a 
group of β-lactams, a group of anti-aminoglycosides, 
quinolones and other isolated antibiotics. The results 
were recorded by measuring the diameters of the 
inhibition zones formed around the discs and comparing 
them with what was mentioned in the international 
tables, [29]. 

Table (2): Antimicrobial types from patient specimens 
Antimicrobial types S. No. (%) I. No. (%) R. No. (%) 

Ticarcillin 0 10 90 

Ticarcillin/ clavulanic acid 11 4 85 

Piperacillin 28 4 68 

Ceftazidime 22 2 76 

cefepime 24 3 73 

Imipenem 35 52 13 

Meropenem 32 20 48 

Gentamicin 41 20 39 

Tobramycin 35 5 60 

Ciprofloxacin 26 10 64 

Minocycline 70 12 18 

Piperacillin/ Tazobactam 28 25 47 

Trimethoprim/ 
sulfamethoxazole 

12 10 78 

Ampicillin 8 0 92 

Augmentin 27 2 71 

Levofloxacin 30 28 42 

Amikacin 31 14 55 

Tetracycline 32 7 61 

Colistin 75 15 15 

S: Sensitive I: Intermediate R: Resistant 

 

The current study showed the environmental and clinical 
diversity of the spread of Acinetobacter baumannii, after 
diagnosing it by several methods such as API E20, as primary 
diagnosing, then by VITEK 2, and 16S rRNA, in addition to use 
of 19 antibiotics to determine the sensitivity of the bacteria 
towards it. A. baumannii are one of the most significant 
opportunistic pathogens, It might be largely related to their 
capability of adhering to the instruments or hands of 
healthcare staff, which promotes the transfer of bacteria 
from the skin or contaminated areas towards the blood, 
which progresses to bacteremia [30]. 
Most of the samples that were isolated as A. baumannii by 
using VITEK 2 system with its identification card for Gram 
negative strains (ID-GNB) This system has been employed in 
a number of previous research and has produced positive 

findings in terms of biochemical test identification and 
confirmation. this automated technique could determine 
the antibiotics of A. baumannii isolates [31]. In this study, the 
accuracy of this instrument was shown to be 99 percent to 
100 percent for identifying A. baumannii, which agrees with 
Bagudo et al. [32] and Ganda et al. [33]. 
To evaluate the phylogenetic relationships between A. 
baumannii isolated from the environment and patients, a 
phylogenetic tree was generated MEGA 6.0 using the 
neighbor-joining method with 500 bootstraps and standard 
settings. 16S rRNA gene sequence from Acinetobacter spp. 
derived from NCBI GenBank. Phylogenetic organisms of A. 
baumannii isolates were shown in a tree based on the 16S 
rRNA gene sequence as shown in Figure (3). 
In the current study, for bacterial isolates from patients, a 
match was observed in 16S rRNA series (OK035267.1 from 
sputum, OK035269.1 from urine, OK035329.1 from urine, 
OK035445.1 from urine, OK036427.1 from wound), as 
shown in Figure (1) shown in patient dendrogram tree, It was 
resistant to most of the antibiotics used in this study [34]. 
On the other hand, it was observed from the phylogenetic 
tree of the environmental isolates OK040149.1 from 
environment of the Pediatric Teaching Hospital, neonate 
unit, OK036437.1 from environment of the Pediatric 
Teaching Hospital, OK036439.1 from environment of the 
Baghdad Teaching Hospital, neonate unit, OK036440.1 from 
environment of Pediatric Teaching Hospital, dialysis unit, 
OK036452.1 from environment of stagnant water near of 
Baghdad Teaching Hospital garden, OK354325.1 from 
stagnant water). It has been noticed  a great convergence in 
A. baumannii genes of the hospital environment isolates and 
the isolates of the stagnant aquatic environment near the 
hospitals in which the study was conducted, as shown in the 
figure (2), It was observed that there is a convergence 
between isolate OK036452.1 isolates of environment of 
stagnant water near of Baghdad Teaching Hospital garden 
and isolate OK036440.1 from environment of Pediatric 
Teaching Hospital, dialysis unit, and isolation OK040149.1 
from environment of the Pediatric Teaching Hospital, 
neonate unit, shares with them Likewise, a convergence was 
observed between the two isolates OK354325.1 from 
stagnant water and OK036437.1 from environment of the 
Pediatric Teaching Hospital, These two isolates also overlap 
with the three aforementioned isolates, Then isolate 
OK036439.1 from environment of the Baghdad Teaching 
Hospital, neonate unit shares the 16S rRNA genetic sequence 
with them, This overlap in genetic traits between the 
aforementioned isolates indicates the existence of a very 
large similarity between those adjacent isolates despite the 
multiplicity of types of environment isolated from them 
except OK036437.1 and OK036437.1, The reason for this 
slight difference may be due to the growth conditions, 
temperatures, and the use of different disinfectants, 
according to the nature of work in the hospital [35]. 
Perhaps the reason is that the environment in which these 
similar isolates were collected in the 16S rRNA gene is the 
environment of the neighboring hospitals, even the 
environment outside the hospital, which is from stagnant 
water and is very close to those hospitals, and this result is 
consistent with the result obtained by researchers [36] 
where they concluded Rapid and reliable availability of 



molecular technologies Genetic characterization by using of 
16S rRNA will increase our knowledge of Ecology, 
distribution and diversity of microbial communities. They 
note that A. baumannii is the most common species with 
high resistance compared to other types. 

 

 

The dendrogram tree of A. baumannii isolated from patient 
samples was joined with that of bacteria recovered from the 
environment in figure (3) . Except for isolates (OK036427.1 
from wound), (OK036437.1 from the Pediatric Teaching 
Hospital's environment), and (OK036427.1 from wound), the 
16S rRNA genetic sequences of the aforementioned isolates 
show a great deal of similarity despite their variety. 
A significant affinity was observed between the two isolates: 
OK035267.1 from sputum, and OK035269.1 from urine, 
likewise between the two isolates OK354325.1 from 
stagnant water and OK036427.1 from wound despite the 
difference in the environment from which they were 
collected, while there is a spacing between the isolates 
OK035267.1 from sputum, and OK036439.1 from 
environment of the Baghdad Teaching Hospital, neonate 
unit, and as shown Dendrogram tree figure (3). 
The reasons for this diversity may be between the affinity of 
isolates greatly despite the environmental difference from 
which they were isolated, and the slight divergence of 
isolates despite their presence in close environments. The 
bacteria A. baumannii has the ability to spread widely in 
different environments due to its possession of multiple 
resistance genes It is resistant to disinfectants, sterilizers and 
antibiotics [34, 37, 38]. 

 

It was observed in the current study that the widespread 
resistance of A. baumannii isolated from patients 
hospitalized in Baghdad city hospitals to most of the 
antibiotics used in this study which was ampicillin/sulbactam 
(92%), ticarcillin (90%), ticarcillin/ clavulanic acid (85%), 
Trimethoprim/ sulfamethoxazole (78%), ceftazidime (76%), 
cefepime (73%), Augmentin (71%), piperacillin (68%), 
ciprofloxacin (64%), tetracycllin (61%), Tobramycin (60%), 
amikacin(55%), then meropenem (48%), 
piperacillin/tazobactam (47%), after that was resistance to 
levofloxacin (42%), Gentamicin (39%), but the results 
observed the lowest resistance to Minocycline  and colistin 
that was (18%), and (15%) respectively . Thus, A. baumannii 
was sensitive to the antibiotics colistin then Minocycline was 
(75%) and (70%) respectively but the bacteria showed little 
resistance to the antibiotic Imipenem (13%), but moderate 
resistance to it (52%)  As shown in the table (2). 
It was noted from the percentages obtained for the bacterial 
resistance to antibiotics isolated from patients hospitalized 
that the bacterial resistance to most antibiotics converges in 
its ratios, and this may be due to the acquisition of bacteria 
by hereditary factors that carry a trait resistance to 
antibiotics as well as thousands or more Irregularity in taking 
antibiotics without consulting a doctor[39]. 

 

1. This study has attended the following conclusions: 
2. Acinetobacter baumannii could be isolated from 

different sources (clinical and environmental), where 
the highest percentage of isolates was from sputum and 
the lowest percentage was from burns for clinical 
isolates, while environmental isolates had the highest 
percentage of beds and the lowest percentage of 
incubators. 

3. It was noted that the use of 16S rRNA method in 
diagnosing A. baumannii as a genotype is considered 
one of the best and most accurate methods for 
diagnosing bacteria. 

4. It was observed that there were no significant 
differences in the DNA sequences between A. 



baumannii that isolates from the environment and 
clinical sources by using the Sanger technique, which is 
an easy and accurate way to know the DNA sequence of 
the isolated bacteria. 

5. Antibiotic susceptibility showed the highest resistance 
of A. baumannii to ampicillin/sulbactam and 
ceftazidime comparison the lowest resistance against 
Tobramycin, colistin then Minocycline, for bacterial 
isolated. 

1. Asif M, Alvi IA, Rehman SU. Insight into Acinetobacter 
baumannii: pathogenesis, global resistance, mechanisms of 
resistance, treatment options, and alternative modalities. 
Infection and drug resistance. 2018;11:1249. 
https://doi.org/10.2147%2FIDR.S166750 
2. Tille PM. Bailey & Scott’s Diagnostic 
Microbiology. Elsevier, 2017. Available from: 
https://evolve.elsevier.com/cs/product/9780323433792
?role=student 
3. Chapartegui-González I, Lázaro-Díez M, Bravo Z, 
Navas J, Icardo JM, Ramos-Vivas J. Acinetobacter 
baumannii maintains its virulence after long-time 
starvation. PloS one. 2018;13(8):e0201961. 
https://doi.org/10.1371/journal.pone.0201961 
4. Almasaudi SB. Acinetobacter spp. as nosocomial 
pathogens: Epidemiology and resistance features. Saudi Journal 
of Biological Sciences. 2018;25(3):586-96. 
https://doi.org/10.1016/j.sjbs.2016.02.009 
5. Hrenovic J, Durn G, Goic-Barisic I, Kovacic A. Occurrence 
of an environmental Acinetobacter baumannii strain similar to a 
clinical isolate in paleosol from Croatia. Applied and environmental 
microbiology. 2014;80(9):2860-6. 
https://doi.org/10.1128/AEM.00312-14 
6. AL-Taati HR, Jameel ZJ, Taha RA. Study of Virulence 
factor of Acinetobacter baumannii and detection of bap gene. 
Iraqi journal of biotechnology. 2018;17(1). Available from: 
https://jige.uobaghdad.edu.iq/ 
7. Wong D, Nielsen TB, Bonomo RA, Pantapalangkoor P, 
Luna B, Spellberg B. Clinical and pathophysiological overview of 
Acinetobacter infections: a century of challenges. Clinical 
microbiology reviews. 2017;30(1):409-47. 
https://doi.org/10.1128/CMR.00058-16 
8. Weinberg SE, Villedieu A, Bagdasarian N, Karah N, 
Teare L, Elamin WF. Control and management of multidrug 
resistant Acinetobacter baumannii: A review of the evidence 
and proposal of novel approaches. Infection Prevention in 
Practice. 2020;2(3):100077. 
https://doi.org/10.1016/j.infpip.2020.100077 
9. Farrow III JM, Wells G, Pesci EC. Desiccation 
tolerance in Acinetobacter baumannii is mediated by 
the two-component response regulator BfmR. PloS 
one. 2018;13(10):e0205638. 
https://doi.org/10.1371/journal.pone.0205638 
10. Eveillard M, Kempf M, Belmonte O, Pailhoriès H, 
Joly-Guillou M-L. Reservoirs of Acinetobacter baumannii 
outside the hospital and potential involvement in 
emerging human community-acquired infections. 
International Journal of Infectious Diseases. 
2013;17(10):e802-e5. 
https://doi.org/10.1016/j.ijid.2013.03.021 

11. Rafei R, Hamze M, Pailhoriès H, Eveillard M, Marsollier 
L, Joly-Guillou M-L, Dabboussi F, Kempf M. Extrahuman 
epidemiology of Acinetobacter baumannii in Lebanon. Applied 
and environmental microbiology. 2015;81(7):2359-67. 
https://doi.org/10.1128/AEM.03824-14 
12. Richards A, Abu Kwaik Y, Lamont R. Code blue: A 
cinetobacter baumannii, a nosocomial pathogen with a role in 
the oral cavity. Molecular oral microbiology. 2015;30(1):2-15. 
https://doi.org/10.1111/omi.12072 
13. KhalaweTektook N. Study the virulence factors 
and patterns of antibiotics resistance in acinetobacter 
baumannii isolated from hospitalized patients in Baghdad 
City. Pakistan Journal of Biotechnology. 2018;15(1):19-23. 
Available from: 
https://pjbt.org/index.php/pjbt/article/download/100/95 
14. Gallego L. Acinetobacter baumannii: Factors 
involved in its high adaptability to adverse 
environmental conditions. J Microbiol Exp. 
2016;3(2):00085. Available from: 
https://www.researchgate.net/publication/3035955
78 
15. Nie D, Hu Y, Chen Z, Li M, Hou Z, Luo X, Mao X, Xue 
X. Outer membrane protein A (OmpA) as a potential 
therapeutic target for Acinetobacter baumannii infection. 
Journal of Biomedical Science. 2020;27(1):26. 
https://doi.org/10.1186/s12929-020-0617-7 
16. Uppalapati SR, Sett A, Pathania R. The outer 
membrane proteins OmpA, CarO, and OprD of 
Acinetobacter baumannii confer a two-pronged defense in 
facilitating its success as a potent human pathogen. Frontiers 
in microbiology. 2020;11:589234. 
https://doi.org/10.3389/fmicb.2020.589234 
17. Lee C-R, Lee JH, Park M, Park KS, Bae IK, Kim YB, Cha 
C-J, Jeong BC, Lee SH. Biology of Acinetobacter baumannii: 
pathogenesis, antibiotic resistance mechanisms, and 
prospective treatment options. Frontiers in cellular and 
infection microbiology. 2017;7:55. 
https://doi.org/10.3389/fcimb.2017.00055 
18. Ababneh Q, Abulaila S, Jaradat Z. Isolation of 
extensively drug resistant Acinetobacter baumannii from 
environmental surfaces inside intensive care units. American 
Journal of Infection Control. 2022;50(2):159-65. 
https://doi.org/10.1016/j.ajic.2021.09.001 
19. Damaceno QS, Iquiapaza R, Oliveira AC. 
Comparing resistant microorganisms isolated from 
patients and environment in an intensive care unit. 
Advances in Infectious Diseases. 2014;2014. 
https://doi.org/10.4236/aid.2014.41006 
20. Chang HC, Wei YF, Dijkshoorn L, Vaneechoutte M, 
Tang CT, Chang TC. Species-level identification of isolates of 
the Acinetobacter calcoaceticus-Acinetobacter baumannii 
complex by sequence analysis of the 16S-23S rRNA gene 
spacer region. Journal of clinical microbiology. 
2005;43(4):1632-9. https://doi.org/10.1128/JCM.43.4.1632-
1639.2005 
21. Khosravi AD, Sadeghi P, Shahraki AH, Heidarieh P, 
Sheikhi N. Molecular Methods for Identification of 
Acinetobacter Species by Partial Sequencing of the rpoB and 
16S rRNA Genes. J Clin Diagn Res. 2015;9(7):Dc09-13. 
https://doi.org/10.7860/jcdr/2015/13867.6188 
22. Chiu C-H, Lee Y-T, Wang Y-C, Yin T, Kuo S-C, Yang 

https://doi.org/10.2147%2FIDR.S166750
https://evolve.elsevier.com/cs/product/9780323433792?role=student
https://evolve.elsevier.com/cs/product/9780323433792?role=student
https://doi.org/10.1371/journal.pone.0201961
https://doi.org/10.1016/j.sjbs.2016.02.009
https://doi.org/10.1128/AEM.00312-14
https://jige.uobaghdad.edu.iq/
https://doi.org/10.1128/CMR.00058-16
https://doi.org/10.1016/j.infpip.2020.100077
https://doi.org/10.1371/journal.pone.0205638
https://doi.org/10.1016/j.ijid.2013.03.021
https://doi.org/10.1128/AEM.03824-14
https://doi.org/10.1111/omi.12072
https://pjbt.org/index.php/pjbt/article/download/100/95
https://www.researchgate.net/publication/303595578
https://www.researchgate.net/publication/303595578
https://doi.org/10.1186/s12929-020-0617-7
https://doi.org/10.3389/fmicb.2020.589234
https://doi.org/10.3389/fcimb.2017.00055
https://doi.org/10.1016/j.ajic.2021.09.001
https://doi.org/10.4236/aid.2014.41006
https://doi.org/10.1128/JCM.43.4.1632-1639.2005
https://doi.org/10.1128/JCM.43.4.1632-1639.2005
https://doi.org/10.7860/jcdr/2015/13867.6188


Y-S, Chen T-L, Lin J-C, Wang F-D, Fung C-P. A retrospective 
study of the incidence, clinical characteristics, 
identification, and antimicrobial susceptibility of 
bacteremic isolates of Acinetobacter ursingii. BMC 
Infectious Diseases. 2015;15(1):400. 
https://doi.org/10.1186/s12879-015-1145-z 
23. Shafigh M, Rajabnia R, Yahyapour Y, 
Shahandashti EF, Khafri S, Namvar AE. Evaluation of 
aminoglycoside resistance genes in Acinetobacter 
baumannii isolated from different parts of Babol 
hospitals. Biomed J Sci & Tech Res. 2018;8(4). 
http://dx.doi.org/10.26717/BJSTR.2018.08.001675 
24. Ishtiaq S, Saleem S, Waheed A, Alvi AA. Molecular 
detection of blaOXA-23gene and blaOXA-51 gene in 
carbapenem resistant strains of Acinetobacterbaumannii in 
patients with ventilator associated pneumonia at tertiary 
care hospital. Journal of the Pakistan Medical Association. 
2021;71(11):2576-81. 
https://doi.org/10.47391/JPMA.01537 
25. Sepahvand S, Davarpanah MA, Roudgari A, Bahador 
A, Karbasizade V, Kargar Jahromi Z. Molecular evaluation of 
colistin-resistant gene expression changes in Acinetobacter 
baumannii with real-time polymerase chain reaction. Infect 
Drug Resist. 2017;10:455-62. 
https://doi.org/10.2147/idr.S141196 
26. Sanders AM. Vitek 2 Compact – Identification 
and Susceptibility Testing. Gundersen Health System, 
2019. Available from: 
https://www.gundersenhealth.org/app/files/public/4
608fc82-436a-481a-b59f-da2bc1fdb31c/Lab-Policies-
Vitek-2-Compact---Identification-and-Susceptibility-
Testing-Lab-1512.pdf 
27. IBM Corp. IBM SPSS Statistics for Windows, 
Version 26.0. Armonk, NY: IBM Corp, 2019. 
28. Abramson JH. WINPEPI updated: computer 
programs for epidemiologists, and their teaching 
potential. Epidemiologic Perspectives & Innovations. 
2011;8(1):1. https://doi.org/10.1186/1742-5573-8-1 
29. Clinical Laboratory Standards Institute. 
Performance standards for antimicrobial susceptibility 
testing. Clinical and Laboratory Standards Institute Wayne, 
PA, 2017. 
30. Morris FC, Dexter C, Kostoulias X, Uddin MI, Peleg AY. 
The mechanisms of disease caused by Acinetobacter baumannii. 
Frontiers in microbiology. 2019;10:1601. 
https://doi.org/10.3389/fmicb.2019.01601 
31. Almaghrabi MK, Joseph MRP, Assiry MM, Hamid ME. 
Multidrug-Resistant <i>Acinetobacter baumannii</i>: An 
Emerging Health Threat in Aseer Region, Kingdom of Saudi Arabia. 
Canadian Journal of Infectious Diseases and Medical 
Microbiology. 2018;2018:9182747. 
https://doi.org/10.1155/2018/9182747 
32. Bagudo AI, Obande GA, Harun A, Singh KKB. 
Advances in automated techniques to identify complex. 
Asian Biomedicine. 2020;14(5):177-86. 
https://doi.org/10.1515/abm-2020-0026 
33. Ganda RP, Soehita S. Suitability Tests for Bacterial 
Identification and Antibiotic Sensitivity Tests using Microscan 
Walkaway on Vitek 2. Indian Journal of Forensic Medicine & 
Toxicology. 2021;15(2):3985-91. 
https://doi.org/10.37506/ijfmt.v15i2.14995 

34. Fang Y, Quan J, Hua X, Feng Y, Li X, Wang J, Ruan 
Z, Shang S, Yu Y. Complete genome sequence of 
Acinetobacter baumannii XH386 (ST208), a multi-drug 
resistant bacteria isolated from pediatric hospital in China. 
Genomics Data. 2016;7:269-74. 
https://doi.org/10.1016/j.gdata.2015.12.002 
35. Bravo Z, Orruño M, Navascues T, Ogayar E, 
Ramos-Vivas J, Kaberdin VR, Arana I. Analysis of 
Acinetobacter baumannii survival in liquid media and on 
solid matrices as well as effect of disinfectants. Journal of 
Hospital Infection. 2019;103(1):e42-e52. 
https://doi.org/10.1016/j.jhin.2019.04.009 
36. Azeez ZF, Al-Daraghi WAH. Molecular Phylogenetic 
Study in 16s Rrna Gene Among Acinetobacter Baumannii 
Isolates Characteristic Producing to Esbls Genes in Burn 
Infection. SciInt(Lahore). 2018;30(4):579-85. Available from: 
https://www.researchgate.net/publication/351037945 
37. Clifford RJ, Milillo M, Prestwood J, Quintero R, 
Zurawski DV, Kwak YI, Waterman PE, Lesho EP, Mc Gann 
P. Detection of bacterial 16S rRNA and identification of 
four clinically important bacteria by real-time PCR. PloS 
one. 2012;7(11):e48558. 
https://doi.org/10.1371/journal.pone.0048558 
38. Alattraqchi AG, Mohd Rani F, A. Rahman NI, Ismail S, 
Cleary DW, Clarke SC, Yeo CC. Complete genome sequencing of 
acinetobacter baumannii AC1633 and acinetobacter 
nosocomialis AC1530 unveils a large multidrug-resistant 
plasmid encoding the NDM-1 and OXA-58 carbapenemases. 
Msphere. 2021;6(1):e01076-20. 
https://doi.org/10.1128/mSphere.01076-20 
39. Kyriakidis I, Vasileiou E, Pana ZD, Tragiannidis A. 
Acinetobacter baumannii antibiotic resistance 
mechanisms. Pathogens. 2021;10(3):373. 
https://doi.org/10.3390/pathogens10030373 

 

https://doi.org/10.1186/s12879-015-1145-z
http://dx.doi.org/10.26717/BJSTR.2018.08.001675
https://doi.org/10.47391/JPMA.01537
https://doi.org/10.2147/idr.S141196
https://www.gundersenhealth.org/app/files/public/4608fc82-436a-481a-b59f-da2bc1fdb31c/Lab-Policies-Vitek-2-Compact---Identification-and-Susceptibility-Testing-Lab-1512.pdf
https://www.gundersenhealth.org/app/files/public/4608fc82-436a-481a-b59f-da2bc1fdb31c/Lab-Policies-Vitek-2-Compact---Identification-and-Susceptibility-Testing-Lab-1512.pdf
https://www.gundersenhealth.org/app/files/public/4608fc82-436a-481a-b59f-da2bc1fdb31c/Lab-Policies-Vitek-2-Compact---Identification-and-Susceptibility-Testing-Lab-1512.pdf
https://www.gundersenhealth.org/app/files/public/4608fc82-436a-481a-b59f-da2bc1fdb31c/Lab-Policies-Vitek-2-Compact---Identification-and-Susceptibility-Testing-Lab-1512.pdf
https://doi.org/10.1186/1742-5573-8-1
https://doi.org/10.3389/fmicb.2019.01601
https://doi.org/10.1155/2018/9182747
https://doi.org/10.1515/abm-2020-0026
https://doi.org/10.37506/ijfmt.v15i2.14995
https://doi.org/10.1016/j.gdata.2015.12.002
https://doi.org/10.1016/j.jhin.2019.04.009
https://www.researchgate.net/publication/351037945
https://doi.org/10.1371/journal.pone.0048558
https://doi.org/10.1128/mSphere.01076-20
https://doi.org/10.3390/pathogens10030373

