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Abstract: Background: Acinetobacter baumannii is a common cause of multi-drug (MDR)-resistant
infections worldwide. The epidemiological and molecular characteristics of MDR-A. baumannii
in Jordan is not known. Methods: A. baumannii isolates were collected from 2010 to 2020 from
three tertiary hospitals in Jordan. Demographic and clinical data, isolates information, antibiotic
susceptibility patterns, phenotypic, and molecular characterization of carbapenem resistance genes
were performed. Results: A total of 622 A. baumannii isolates were collected during the study period.
Most isolates were from males, aged 18–60 years, Jordanian, from infected wounds, and were patients
in surgery or critical care units. Among patients from whom A. baumannii was isolated, associated
risk factors for MDR were adults over 60, males, critically ill patients and infected wounds (OR 4.14,
2.45, 10, 7, respectively, p < 0.0001). Incidence rates from 2010 to 2015 showed a slight increase in
MDR (3.75/1000 to 4.46/1000). Resistance patterns indicated high resistance for most cephalosporins,
carbapenems, and fluoroquinolones, moderate resistance for trimethoprim/sulfamethoxazole and
ampicillin/sulbactam, low resistance for aminoglycosides and tetracyclines, while colistin and
tigecycline, have the lowest resistance rates. 76.8% of A. baumannii isolates were MDR and 99.2%
were carbapenem-resistant. All isolates were positive for the OXA-51 gene (100%), 98.5% were
positive for the OXA-23 gene, 26.6% for the VIM gene, while KPC and IMP genes were almost not
detected (0% and 0.8% respectively). Conclusions: This is the first large, multicentric, prolonged
study that provides insights into A. baumannii infections in Jordan. Attention to patients at higher risk
is important for early identification. Colistin and tigecycline were the most effective antimicrobials.

Keywords: multi-drug resistance (MDR); Acinetobacter baumannii; Jordan; carbapenemase; OXA; VIM;
IMP; KPC

1. Introduction

Acinetobacter is an aerobic, Gram-negative bacillus, pleomorphic and non-motile bac-
terium. It is common among immunocompromised individuals, particularly those who
have a prolonged hospital stay in an intensive care setting [1,2]. Acinetobacter genus now
consists of 26 named species and nine genomic species. Four species of Acinetobacters
(A. calcoaceticus, A. baumannii, Acinetobacter genomic species 3 and Acinetobacter genomic
species 13TU) are difficult to differentiate, and are often referred to as the A. calcoaceticus-
complex. Although A. calcoaceticus has not been implicated in clinical disease, the other
three species in the A. calcoaceticus-complex are the most clinically significant species, with
A. baumannii being the most important and relevant to drug-resistant infections [2,3].

A. baumannii is commonly associated with bacteraemia, pulmonary infections, menin-
gitis, battlefield wound infections and urinary tract infections [2,4]. The risk of infection

Microorganisms 2022, 10, 849. https://doi.org/10.3390/microorganisms10050849 https://www.mdpi.com/journal/microorganisms

https://doi.org/10.3390/microorganisms10050849
https://doi.org/10.3390/microorganisms10050849
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/microorganisms
https://www.mdpi.com
https://orcid.org/0000-0001-7486-4192
https://orcid.org/0000-0001-7936-2634
https://orcid.org/0000-0001-7880-7849
https://doi.org/10.3390/microorganisms10050849
https://www.mdpi.com/journal/microorganisms
https://www.mdpi.com/article/10.3390/microorganisms10050849?type=check_update&version=1


Microorganisms 2022, 10, 849 2 of 13

increases dramatically when medical devices such as ventilators, endotracheal incuba-
tors, and catheters are used [2,5]. The mortality rates of A. baumannii-related infections
can reach 35% and above [1,5,6]. Recent increases in incidence of A. baumannii infection
were observed in infected combat troops returning from conflict zones including Iraq and
Afghanistan [2,7].

A. baumannii is one of the six most important multi-drug-resistant microorganisms
(MDR) in hospitals worldwide [5]. A. baumannii resistance rates vary from country to
country but have been increasing over time. Reported rates of resistance to gentamycin and
ceftazidime ranged from 0 to 81%, amikacin resistance ranged from 10 to 51%, ciprofloxacin
resistance ranged from 19 to 81%, while piperacillin-tazobactam resistance rates ranged
from 36 to 75% depending on the country [5]. The most effective drugs were imipenem
and meropenem against A. baumannii infections. However, recent studies have shown the
emergence of resistance rates as high as 87% according to clinical setting and geographic
distribution with these antimicrobials, leaving colistin or tigecycline as the only available
treatments for MDR A. baumannii infections. Unfortunately, resistance to colistin and/or
tigecycline has recently emerged in Europe with an incidence rate of 3–6% [3]. Increased
incidence of Acinetobacter species resistant to almost every available anti-microbial agent is
of great concern [3].

Data available on MDR Acinetobacter species in the Middle East region are limited [8].
In Saudi Arabia, 191 confirmed isolates of A. baumannii, from blood, had high resistance to
most antimicrobials including imipenem (61.3%) and meropenem (60.7%) but low rates
of resistance to colistin (0.5%) and tigecycline (3.9%). MDR was observed in 69% of the
A. baumannii isolates and 78.8% of these MDR strains showed sensitivity only to colistin
and tigecycline [9]. In Iran, 221 clinical isolates and 22 environmental A. baumannii isolates
showed resistance to the majority of antimicrobials tested ranging from 69% to 100%,
with the exception of tigecycline and colistin [10]. Two studies in Jordan using a limited
number of patients investigated the rate of A. baumannii isolates in different patient’s
populations and concluded the MDR rate was in the range of 65.7% and 77.6% [11,12].
Other Middle Eastern studies investigated A. baumannii infection rates in critically ill
patients and concluded that the rate of MDR was as high as 100% [13–16].

To the best of our knowledge, there is no updated information regarding A. baumannii
infection incidence, antibiotic susceptibility pattern, and antibiotic resistance genes in
Jordan. Thus, the aims of this study were to evaluate the incidence rate of multi-drug-
resistant A. baumannii infection, phenotypic and genotypic characterization of carbapenem
resistance genes using large number of isolates, collected over a long period and from
different centers and clinical setting in Jordan.

2. Materials and Methods
2.1. A. baumannii Isolates Collection

Bacterial isolates (consecutive and non-duplicated) were collected from January 2010
to June 2020 from three central tertiary hospitals located in the capital city of Amman
(The Specialty hospital, Prince Hamzah hospital, and the Islamic hospital) after obtaining
formal patient consent. Important demographic, clinical and laboratory information were
reordered, and samples were obtained and stored for further analysis. Various specimens
were studied including urine, respiratory samples (sputum and broncho alveolar lavage),
blood, wound pus, body fluids and tissue. Data including patient demographics (age,
gender, residency and nationality), date of admission and discharge, hospital department,
specimen type, test date, microorganism identified with confidence rate, and antibiotic
susceptibility pattern were collected for each patient from Vitek 2 system database and
patients files. The study protocol was approved by the institutional review board (IRB) of
the Hashemite University and IRB of relevant hospitals.
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2.2. Bacterial Identification

Specimens were plated on general and selective media, including Mac-Conkey agar,
blood agar, and CHROM agar followed by Gram stain, manual and automated biochemical
tests. Isolates identities were further analyzed using Vitek 2 Compact System with Gram-
negative detection kit (BioMérieux, Marcy l’Etoile, France). The identity of the isolates was
confirmed by conventional PCR to detect the presence of the intrinsic blaOXA-51-like gene,
using specific primers as previously described [17]. Samples that were blaOXA-51-negative
were excluded from the study.

2.3. Antimicrobial Susceptibility Testing

Antibiotic susceptibility pattern was performed using Vitek 2 system with Gram-
negative susceptibility card GN-69 (BioMérieux, Marcy l’Etoile, France). The susceptibility
results of Vitek 2 were exported and analyzed by WHONET 5.4 and were presented in
this study. Antibiotic susceptibility pattern for imipenem and meropenem were further
tested using Kirbey-bauer disk diffusion according to the last recommendation of CLSI [18].
Double-Disk Potentiation test was performed as described by Yong et al. [19], strains
originally resistant to carbapenems became sensitive after the addition of Ethylene Diamine
Tetra Acetic Acid (EDTA).

Multi-drug resistance of A. baumannii has in other studies been defined in several
ways: strains resistance to antibiotics of three or more antibiotic classes, carbapenem
resistance, or isolates sensitive to tigecycline and colistin only [3,5,11,12]. Among these, the
definition the most widely used was that MDR strains were non-susceptible to ≥1 agent
in ≥3 antimicrobial categories [1]. Accordingly, this definition was used for the purpose
of this study [1]. The breakpoints used were according to the last recommendation of
CLSI [18].

2.4. Molecular Analysis

Bacterial DNA was extracted from isolates using DNeasy Blood and Tissue kit (Qiagen,
Germany) according to the manufacturer’s instructions. Carbapenemase resistance genes
(blaKPC, blaOXA-23, blaVIM, and blaIMP) were detected by uniplex PCR using specific primers
as described previously [20–22]. A. baumannii NCTC 13305 strain was used as positive
control for blaOXA-51-like gene, Escherichia coli NCTC 13451 was used as negative control
for blaOXA-51-like. Klebsiella pneumonia NCTCC 13439 and E. coli NCTCC 13476 were used
as positive controls for VIM and IMP genes respectively. Well-characterized strains of
K. pneumoniae carbapenemase (KPC)-producing isolates (sequenced for the targeted genes)
were used as positive controls for OXA-23 and KPC genes.

2.5. Statistical Analysis

Using demographic variables of year and hospital unit, incidence rates were deter-
mined to assess relative new cases of MDR isolates by year and by hospital unit, I = number
of new cases/the specific hospital population per 1000. Using SPSS v20 (IBM Corp, Armonk,
NY, USA), an ANOVA was used to determine if there was a measurable difference in inci-
dence per year, and odds ratios (OR) using a 95% confidence interval were used to measure
the impact of MDR isolates based on the demographic variables of gender, age, nationality,
hospital unit, specimen source and year calculated by Chi-square test. (OR = A × D/B × C)
and 95% CI = exp(In(OR) − 1.96 × SE to exp(IN(OR) + 1.96 × SE(In(OR). Variables were
compared between MDR A. baumannii and non-MDR A. baumannii within A. baumannii
infected population to determine association with MDR.

3. Results
3.1. A. baumannii Isolates Distribution

A total of 622 A. baumannii isolates were collected from January 2010 to June 2020.
Identification confidence was good or excellent for 98.9% of the reported isolates. Isolate
distribution indicated most isolates were from adults aged 18–60 years (54.2%), male
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(65.6%), and Jordanian (45.3%). The majority of the isolates were from patients in the
surgical unit (37.3%), followed by the ICU and cardiac care unit (CCU) 33.3% and outpatient
department 21.5%, with almost half (44.1%) being from infected wounds. The frequency of
isolates reported according to year was not statistically significant, although there was a
slight increase in 2015 to 20.3% (Table 1).

Table 1. Acinetobacter baumannii isolates distribution (Total n = 622).

Number of Isolates Percentage %

Age

Children <18 years 66 10.6%

Adults (18–60 years) 337 54.2%

Adults above 60 years 219 35.2%

Gender
Male 408 65.6%

Female 214 34.4%

Nationality

Jordanian 282 45.3%

Palestinian 31 5.0%

Libyan 107 17.2%

Saudi 44 7.1%

Sudanese 34 5.5%

Syrian 23 3.7%

Yemeni 55 8.8%

Iraqi 26 4.2%

Others 20 3.2%

Department

ICU and CCU 207 33.3%

Outpatients 134 21.5%

Medicine 27 4.3%

Surgery 232 37.3%

Pediatric and prematurity 22 3.6%

Identification
confidence by Vitek 2

Excellent 544 87.5%

Good 71 11.4%

low 7 1.1%

Specimen source

Blood 59 9.5%

Sputum 91 14.6%

Urine 98 15.8%

Wound Pus 274 44.1%

Body fluid 25 4.0%

Tissue 15 2.4%

Others 60 9.6%

Year

2010 90 14.5%

2011 66 10.6%

2012 91 14.6%

2013 75 12.1%

2014 106 17.0%

2015 126 20.3%
ICU: intensive care unit, CCU: cardiac care unit.
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3.2. A. baumannii MDR Isolates Distribution

A. baumannii MDR isolates resistant to antibiotics of three or more antibiotic classes
was further analyzed. The total number of MDR isolates was 478 from the 622, indicating
76.8% of A. baumannii isolates were MDR. Several risk factors were associated with multi-
drug-resistant A. baumannii; these included: odds of having an MDR isolate is 4 times higher
in adults over 60 (OR = 4.14, CI 2.5190–6.8102, p < 0.0001), while children under 18 years old
were 68% less likely to be multi-drug resistant (OR = 0.3095, CI 0.1828–0.5240, p < 0.0001).
Regarding gender, the odds of having MDR was higher for men, being 2.45 times more
likely than for women (OR = 2.45, CI 1.67–3.59, p < 0.0001). Regarding nationality, MDR
isolate was about 40% less likely among Jordanian patients than those of other regional
nationalities (OR = 0.5855, CI 0.4022–0.8523, p = 0.0052). Odds of having an MDR isolate
was about 9 times more likely in inpatients compared to outpatients (CI 5.7916–13.6947,
p < 0.0001), 10 times more likely among CCU/ICU patients compared to other units (CI
8.2338–12.1148, p < 0.0001), and 7× more likely among pus wounds than other specimens
collected (OR = 7.03, CI 4.2416–11.658, p < 0.0001). Finally, there was no statistically
significant risk associated with the years (p = 0.3933) (Table 2).

3.3. Incidence Rate of A. baumannii Infections

By reviewing the number of admissions per year and per unit, the incidence rates
of A. baumannii and MDR A. baumannii infections were calculated. As shown in Table 3,
the incidence rate of A. baumannii and A. baumannii MDR infections fluctuated slightly
over the years with rates from 2010 to 2016 varying from 3.75/1000 to 4.46/1000, but there
was no statistically significant increase in incidence over years (p = 0.3933). However,
there were statistically significant differences in MDR resistance based on medical unit.
Clearly, the incidence rate of A. baumannii infections in the surgical units was higher than
most of the other hospital units at 4.75 per 1000 admissions, compared to less than 1 per
1000 in the medical and pediatric units. But the highest rates of incidence of A. baumannii
MDR infections were in the ICU/CCU with a cumulative incidence of 23.38 per 1000
admissions, and an individual yearly incidence that ranged from 14.79–33.54/1000, over
the 5-year period.

3.4. Antibiotic Susceptibility Pattern for A. baumannii Isolates

The antibiotic resistance rate of A. baumannii for the aminoglycosides antibiotic group
ranged from 37.1% for amikacin, 37.2% for tobramycin to 62.6% for gentamicin (see Table 4).
For the Carbapenems, the resistance rate was 68.9% for imipenem and 75.1% for meropenem.
Among the tetracyclines group the resistance rate was low for tigecycline at 7.2% and
minocycline at 23.8% but higher for tetracycline at 65.4%. Several groups of drugs were not
effective against A. baumannii this included the cephalosporin group with a relatively high
resistance rate at 83.5% for ceftriaxone, 99.5% for cefazolin, 99.5% for cefoxitin, 97.7% for
cefuroxime, 77.9% for ceftazidime, 81.9% for cefepime, and 85.3% for cefotaxime. Fluoro-
quinolones were also mostly ineffective with resistance rates of 83% for ciprofloxacin and
62.5% for levofloxacin. For ampicillin, the resistance rate was 88.2%, for aztreonam it was
95.5% and for trimethoprim/sulfamethoxazole was 49.9%. There were mixed levels of resis-
tance for Beta-lactam Inhibitors; ampicillin/sulbactam (60%) and piperacillin/tazobactam
(80.3%). For colistin, the resistance rate was 2.3%. Accordingly, the lowest resistance rate
was for colistin and tigecycline.

3.5. A. baumannii Resistance Phenotype

For each class of drug tested by the Vitek 2 System, the Antimicrobial Susceptibility
Testing (AES) attempted to determine a phenotype for the strain. This was carried out
by comparing the measured Minimum Inhibitory Concentrations (MICs) of the drugs
within a class to a range of MICs in the AES database for strains possessing documented
phenotypes. Most strains identified in this study had the following Aminoglycoside-
resistant phenotypes: GEN NET AMI TOB at 33.8% (n = 210), GEN TOB AMI at 33.8%
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(n = 210) and TOB GEN NET at 31.5% (n = 196). The frequency and number of isolates
that were used to determine the resistance phenotype for other antibiotic classes were too
low (data not shown). Carbapenem resistance was detected in the majority of confirmed
A. baumannii isolates. 100% of confirmed A. baumannii were resistant to imipenem, and
99.2% to meropenem. The Double-Disk Potentiation test with EDTA was positive in 97.7%
with imipenem and in 99.2% with meropenem (Table 5).

Table 2. A. baumannii MDR isolates distribution (Total n = 478).

MDR No/Total (%) Non-MDR No/Total (%) OR/95% CI/p Value

Age

Children <18 (years) 36/66 (54.5) 30/66 (45.5) OR = 0.3095, CI
0.1828–0.5240, p < 0.0001

Adults 18–60 (years) 244/337 (72.4) 93/337 (27.6)

Adults above 60 (years) 198/219 (90.4) 21/219 (9.6) OR = 4.1418, CI
2.5190–6.8102, p < 0.0001

Gender
Male 337/408 (82.6) 71/408 (17.4) males versus females,

OR = 2.45, CI 1.67–3.59,
p < 0.0001Female 141/214 (65.9) 73/214 (34.1)

Nationality

Jordanian 202/282 (71.6) 80/282 (28.4)

Jordanian vs other,
OR = 0.5855, CI

0.4022–0.8523, p = 0.0052

Palestinian 28/31 (90.3) 3/31 (9.7)

Libyan 89/107 (83.2) 18/107 (16.8)

Saudi 34/44 (77.3) 10/44 (22.7)

Sudanese 23/34 (67.6) 11/34 (32.4)

Syrian 21/23 (91.3) 2/23 (8.7)

Yemeni 46/55 (83.6) 9/55 (16.4)

Iraqi 17/26 (65.4) 9/26 (34.6)

Others 18/20 (90.0) 2/20 (10)

Department

ICU and CCU 189/207 (91.3) 18/207 (8.7)

CCU/ICU vs other units,
OR = 9.9876, CI

8.2338–12.1148, p < 0.0001

Outpatients 56/134 (41.8) 78/134 (58.2)

Medicine 24/27 (88.9) 3/27 (11.1)

Surgery 197/232 (84.9) 35/232 (15.1)

Pediatric and prematurity 12/22 (54.5) 10/22 (45.5)

Specimen source

Blood 47/59 (79.7) 12/59 (20.3)

Pus wound had an
OR = 7.0304, CI

4.2416–11.658, p < 0.0001

Sputum 85/91 (93.4) 6/91 (6.6)

Urine 39/98 (39.8) 59/98 (60.2)

Wound Pus 254/274 (92.7) 20/274 (7.3)

Body fluid 23/25 (92.0) 2/25 (8.0)

Tissue 14/15 (93.3) 1/15 (6.7)

Others 16/60 (26.7) 44/60 (73.3)

Year

2010 66/90 (73.3) 24/90 (26.7)

p = 0.3933

2011 53/66 (80.3) 13/66 (19.7)

2012 75/91 (82.4) 16/91 (17.6)

2013 59/75 (78.7) 16/75 (21.3)

2014 87/106 (82.1) 19/106 (17.9)

2015 90/126 (71.4) 36/126 (28.6)

2016 48/68 (70.6) 20/68 (29.4)

OR: odds ratio, CI: 95% confidence interval, ICU: intensive care unit, CCU: cardiac care unit.



Microorganisms 2022, 10, 849 7 of 13

Table 3. Incidence rate of A. baumannii and A. baumannii MDR infections by year and hospital department.

No of A. baumannii
Cases/No of

Admission per Year

A. baumannii
Isolates Rate/

1000 Admissions

No of A. baumannii
MDR Cases/No of

Admission per Year

A. baumannii
MDR Rate/

1000 Admissions

Year

2010 90/17,587 5.11 66/17,587 3.75

2011 66/18,191 3.62 53/18,191 2.91

2012 91/19,856 4.58 75/19,856 3.77

2013 75/20,752 3.61 59/20,752 2.84

2014 106/21,324 4.97 87/21,324 4.08

2015 126/20,174 6.24 90/20,174 4.46

Departments

Surgery 231/48,680 4.75 197/48,680 4.05

ICU/CCU 207/8855 23.38 189/8855 21.34

Pediatrics 22/16,992 1.29 12/16,992 0.71

Medical 27/43,357 0.62 24/43,357 0.55

Table 4. Antibiotic susceptibility pattern of A. bummanii by Vitek 2.

Antibiotic Name Antibiotic Subclass %R %I %S

Amikacin Aminoglycosides 37.1 9.7 53.2
Gentamicin Aminoglycosides 62.6 7.7 29.7
Tobramycin Aminoglycosides 37.2 19.1 43.8
Imipenem Carbapenems 68.9 3.2 27.9
Meropenem Carbapenems 75.1 5.4 19.5
Tetracycline Tetracyclines 65.4 10.3 24.3
Tigecycline Tetracyclines 7.2 23.8 69
Minocycline Tetracyclines 23.8 20.1 56.1
Ampicillin Aminopenicillins 88.2 10.9 0.9
Ampicillin/Sulbactam Beta-lactam + Inhibitors 60 15.7 24.3
Piperacillin/Tazobactam Beta-lactam + Inhibitors 80.3 1.3 18.3
Cefazolin Cephalosporin I 99.5 0 0.5
Cefoxitin Cephalosporin II 99.5 0 0.5
Cefuroxime Cephalosporin II 97.7 1.5 0.8
Ceftazidime Cephalosporin III 77.9 5.1 17
Cefotaxime Cephalosporin III 85.3 11.6 3.2
Ceftriaxone Cephalosporin III 83.5 15.4 1.2
Cefepime Cephalosporin IV 81.9 2.2 15.9
Aztreonam Monobactams 95.5 3.7 0.7
Ciprofloxacin Fluoroquinolones 83 0.3 16.8
Levofloxacin Fluoroquinolones 62.5 23.3 14.3
Trimethoprim/Sulfamethoxazole Folate pathway inhibitors 49.9 0 50.1
Colistin Polymyxin 2.3 0 97.7

R: resistant, I: intermediate, S: sensitive. Colistin MIC ≤ 2 µg/mL = I and MIC > 4 µg/mL = R.

3.6. Detection of Carbapenem Resistance Genes

The presence of carbapenemase genes including KPC, VIM, IMP, OXA-23, and OXA-51
were investigated in all confirmed A. baumannii strains using uniplex PCR. The blaOXA-51
gene was found in all A. baumannii isolates (100%). The OXA-23 gene was found in 98.5%,
VIM gene was detected in 26.6%, IMP gene was detected in 0.8%, whereas none of the
confirmed A. baumannii isolates had the KPC gene (0%) (Table 6 and Figure S1 in the
supplementary materials).
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Table 5. Phenotypic test for detection of carbapenemase-producing A. baumannii. Carbapenemase
screening test was performed with disk diffusion test while carbapenemase confirmation test was
performed by Double-Disk Potentiation test.

Resistance (%) Susceptible (%)

Carbapenemase
screening test

imipenem 100% 0%

meropenem 99.2% 0.8%

Positive (%) Negative (%)

Carbapenemase
Confirmation test

imipenem with EDTA 97.7% 2.3%

meropenem with EDTA 99.2% 0.8%

Table 6. Carbapenem resistance genes among A. baumannii.

Positive (%) Negative (%)

OXA-51 100% 0%
OXA-23 98.5% 1.5%
KPC 0% 100%
IMP 0.8% 99.2%
VIM 26.6% 73.4%

4. Discussion

A. baumannii has become a common cause of infections associated with high mortality
and morbidity, and typically more prevalent in those that are immunocompromised, in
intensive care units and from war wounds [1,2,23]. Furthermore, A. baumannii has become a
multi-drug-resistant microorganism worldwide [5], including resistance to many last resort
options leading to great concern in the medical community [24–28]. Pandrug-resistant
A. baumannii infections are increasingly being reported worldwide and are associated with
high mortality [29]. Treatment options for A. baumannii MDR are very limited and the evi-
dence to guide treatment is lacking with combination therapy being recommended [30,31].

As addressed earlier, there has been limited data available on incidence, risk factors,
antibiotic susceptibility pattern and the genetic background of A. baumannii infections in
both Jordan and the Middle East [8–10,13]. Recent conflicts in the Middle East, resulting
in a large number of immigrants and refugees, and poor availability of appropriate med-
ical care are potential contributing factors to multi-drug-resistant organisms, enhanced
resistance patterns, and rising incidence rates [32–34]. Therefore, continued monitoring
and surveillance is critical to forecast and mandate appropriate measures as they become
necessary [34,35].

The findings from this study showed that most isolates were from males, aged
18–60 years, Jordanian, isolated from infected wounds, and from patients in surgery, ICU
and CCU departments, which was similar to previous Jordanian studies that also showed
an increased incidence of A. baumannii infections in adult males, ICU patients and from
infected wound [12,14,15]. In addition, the A. baumannii MDR rate was similar to previous
studies in Jordan which had reported MDR rates of 65.7% and 77.6% [11,12], a range which
covers the 70% of A. baumannii isolates identified as MDR in this study. Adults over 60, men,
non-Jordanians, ICU/CCU patients and infected wounds were significantly associated with
MDR incidence, while no statistical significance was associated with years, indicating that
the rates have been rather stable over the study period. Other studies have reported higher
rates of MDR A. baumannii ranging from 88% to 100%, however the population in these
studies consisted solely of critically ill patients and/or patients on ventilation [13–15] This
is similar to findings shown in this study, indicating that critically ill patients were 10 times
more likely to have a MDR form of A. baumannii. Some important risk factors associated
with A. baumannii MDR like hospitalization duration and invasive procedures were not
included in this study due to missing data considering the multicentric and prolonged
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study period. Furthermore, proper multivariate analysis considering all important risk
factors could not be performed.

The current study showed the following resistance patterns: high resistance for most
cephalosporins, carbapenems, fluoroquinolones, and ampicillin; moderate resistance for
trimethoprim/sulfamethoxazole and ampicillin/sulbactam; low resistance rates for amino-
glycosides and tetracyclines; and the lowest resistance rates for colistin and tigecycline.
Antibiotic susceptibility patterns were similar to other studies in Jordan, with the lowest
resistance rate being for colistin among all studies [11,14,15,36].

In this study, using data available on Vitek 2 Compact System and patient records from
2010 to 2020, 622 A. baumannii isolates were reported with about a 99% high confidence rate.
Few samples identified by Vitek 2 and/or routine diagnostic microbiology as A. baumannii
were blaOXA-51 negative and were excluded from analysis. OXA-51 is considered intrinsic
and universal in A. baumannii [17]. Multiple studies have concluded the usefulness, accu-
racy, and the timely output of the automated Vitek 2 System in the performance of antibiotic
susceptibility testing in general and specifically for A. baumannii [37–40]. However, the
ability of the Vitek 2 system to appropriately identify the accurate resistance rate for some
antibiotics like tigecycline, minocycline, and colistin is debatable as it might overestimate
the resistance rate for these antibiotics [40–42]. Furthermore, discrepancies between disk
diffusion test and Vitek 2 for imipenem and meropenem sensitivity can be noted. Other
studies have reported similar discrepancies with Vitek 2 test having higher agreement
with broth microdilution [19,39–42] Currently, the carbaNP test is recommended for testing
suspected carbapenemase production among Enterobacteriaceae, however, the test showed
poor sensitivity for A. baumannii [18]. Broth microdilution is currently recommended for
testing susceptibility to colistin [18].

All examined Acinetobacter isolates carried blaOXA-51 gene which is a confirmed in-
trinsic gene in A. baumannii [23,43]. OXA-23 was the commonest carbapenemase gene
among these isolates, found in (98.5%) of isolates, in agreement with previous studies
in Jordan [13,44,45] but higher than Obeidat et al. 2014 (58%) [15]. Moreover, studies
in Egypt and Qatar showed that 100% of the isolates were positive for blaOXA-23 [46,47].
Al Atrouni et al. 2016 and Rafei et al. 2015 showed that (90–93%) of their isolates were
positive for blaOXA-23 in Lebanon [43,48]. On the other hand, studies in Croatia and Mexico
showed 0–3% positivity for blaOXA-23 indicating geographical variation in the prevalence
of the blaOXA-23 globally [49,50]. Although our study showed a prevalence of 26.6% for
the blaVIM, geographical variation was reported with its prevalence also, it was 100% in
Uganda [51], 53% in India [52], and 7–17% in Iran [53,54]. Contrary to the findings of
Robledo et al. 2010, none of our tested isolates carried blaKPC [55]. Our blaKPC findings were
consistent with earlier studies [46,56,57]. blaIMP was detected in one isolate only in this
study (0.8%) in agreement with previous studies [52–54,58], while other studies found it to
be more abundant in their isolates (61%) [59].

This study provided an insight to identify recent patterns and cases of A. baumannii
isolates in Jordan. The strengths of the study include large number of isolates (622),
collected from three tertiary central hospitals in Jordan over a long period of time (10 years),
supported by in-depth phenotypic and genotypic analysis. One current limitation to this
study was that the population of this study consisted only of patients seeking treatment
for infections at the hospital and who had swabs sent to the microbiology laboratory
that showed positive culture for A. baumannii, resulting in a potential self-selecting bias.
Possibilities still remain that certain patients at risk of having A. baumannii infections might
not have presented to these tertiary hospitals, or swabs might not have been obtained or
processed appropriately from some patients due to lack of adherence to hospital protocol,
although the hospitals included in this study follow the stewardship program and protocols
requiring all patients with possible bacterial infections to have swabs sent for appropriate
bacterial isolation and antibiotic susceptibility testing.
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5. Conclusions

In conclusion, in this large, multicentric, prolonged study, we characterized over
600 A. baumannii isolates. Almost seventy-seven percent (76.8%) of A. baumannii isolates
were multi-drug resistant. Elderly (60+), men, being critically ill and having infected
wounds, were significantly associated with MDR isolates, with relatively stable rates over
the last several years. High rates of antibiotic resistance were observed for most antibiotics,
whereas the lowest resistance rates were observed for colistin and tigecycline, making them
the most effective treatment options. Attention should be given to patients at higher risk for
early identification of MDR A. baumannii. Almost all isolates were positive for the OXA-51
gene (100%) and the OXA-23 gene (98.5%), indicating the critical role of these genes. KPC
and IMP genes were almost not detected (0 and 0.8% respectively). The VIM gene was
detected in 26.6% of isolates for the first time in Jordan.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/microorganisms10050849/s1, Figure S1: Analysis of PCR product
by gel electrophoresis stained with ethidium bromide showing a band at around 501 base pairs for
OXA-23 (A), and a band at around 353 base pairs for OXA-51gene (B). MW: Molecular weight ladder
of 100 bp, NC: Negative control, Empty: empty control, and PC: Positive control.

Author Contributions: Conceptualization, M.A.-T. and K.H.; methodology, A.I.K. and J.A.-R.; valida-
tion, M.A.-T. and A.I.K.; formal analysis, M.A.-T.; investigation, H.A., M.A. (Mohamd Alkhawaldeh),
A.A. (Ahmad Alma’aitah), H.R., M.A. (Majd Altalalwah), A.A. (Abdullah Alazzam), D.A.B., S.S.,
J.A.-R., F.A. and K.H.; writing—original draft preparation, H.A., M.A. (Mohamd Alkhawaldeh),
A.A. (Ahmad Alma’aitah), H.R., M.A. (Majd Altalalwah), A.A. (Abdullah Alazzam), D.A.B., S.S.,
J.A.-R., F.A. and K.H.; writing—review and editing, M.A.-T., A.I.K. and K.H.; supervision, M.A.-T.;
project administration, M.A.-T.; funding acquisition, M.A.-T. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by research grant from the deanship of scientific research, The
Hashemite University, Jordan (Grant No 78, Serial 438, Year 2019).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (IRB) of the Hashemite University
(No 9/2016/2017, date of approval 15 June 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. No patients identifying information were included in this publication.

Data Availability Statement: Data are available upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Magiorakos, A.-P.; Srinivasan, A.; Carey, R.B.; Carmeli, Y.; Falagas, M.E.; Giske, C.G.; Harbarth, S.; Hindler, J.F.; Kahlmeter, G.;

OlssonLiljequist, B.; et al. Multidrug-resistant, extensively drug-resistant and pandrug resistant bacteria: An international expert
proposal for interim standard definitions for acquired resistance. Clin. Microbiol. Infect. 2012, 18, 268–281. [CrossRef] [PubMed]

2. Howard, A.; O’Donoghue, M.; Feeney, A.; Sleator, R.D. Acinetobacter baumannii: An emerging opportunistic pathogen. Virulence
2012, 3, 243–250. [CrossRef] [PubMed]

3. Manchanda, V.; Sanchaita, S.; Singh, N. Multidrug resistant acinetobacter. J. Glob. Infect. Dis. 2010, 2, 291–304. [CrossRef]
[PubMed]

4. Doughari, H.J.; Ndakidemi, P.A.; Human, I.S.; Benade, S. The Ecology, Biology and Pathogenesis of Acinetobacter spp.: An
Overview. Microbes Environ. 2011, 26, 101–112. [CrossRef]

5. Antunes, L.C.; Visca, P.; Towner, K.J. Acinetobacter baumannii: Evolution of a global pathogen. Pathog. Dis. 2014, 71, 292–301.
[CrossRef]

6. Aguirre-Avalos, G.; Mijangos-Méndez, J.C.; Amaya-Tapia, G. Acinetobacter baumannii bacteremia. Rev. Med. Inst. Mex. Seguro Soc.
2010, 48, 625–634.

7. Murphy, R.A.; Ronat, J.-B.; Fakhri, R.; Herard, P.; Blackwell, N.; Abgrall, S.; Anderson, D. Multidrug-Resistant Chronic
Osteomyelitis Complicating War Injury in Iraqi Civilians. J. Trauma Inj. Infect. Crit. Care 2011, 71, 252–254. [CrossRef]

8. Zahedi, B.A.; Samadi, K.H.; Ebrahimzadeh, L.H.; Asgharzadeh, M.; Aghazadeh, M. Dissemination of car-bapenemases producing
Gram negative bacteria in the Middle East. Iran. J. Microbiol. 2015, 7, 226–246.

https://www.mdpi.com/article/10.3390/microorganisms10050849/s1
https://www.mdpi.com/article/10.3390/microorganisms10050849/s1
http://doi.org/10.1111/j.1469-0691.2011.03570.x
http://www.ncbi.nlm.nih.gov/pubmed/21793988
http://doi.org/10.4161/viru.19700
http://www.ncbi.nlm.nih.gov/pubmed/22546906
http://doi.org/10.4103/0974-777X.68538
http://www.ncbi.nlm.nih.gov/pubmed/20927292
http://doi.org/10.1264/jsme2.ME10179
http://doi.org/10.1111/2049-632X.12125
http://doi.org/10.1097/TA.0b013e31821b8622


Microorganisms 2022, 10, 849 11 of 13

9. Al-Mously, N.; Hakawi, A. Acinetobacter baumannii bloodstream infections in a tertiary hospital: Antimicrobial resistance
surveillance. Int. J. Infect. Control 2013, 9, 2. [CrossRef]

10. Goudarzi, H.; Douraghi, M.; Ghalavand, Z.; Goudarzi, M. Assessment of antibiotic resistance pattern in Acinetobacter baumannii
carrying blaoxA type genes isolated from hospitalized patients. Nov. Biomed. 2013, 1, 54–61.

11. Ghulam, N.; Dhabaan, H.H.; Shorman, M.A. Emergence of extensive drug-resistant Acinetobacter baumannii in North of Jordan.
Afr. J. Microbiol. Res. 2011, 5, 1070–1075.

12. Nazer, L.H.; Kharabsheh, A.; Rimawi, D.; Mubarak, S.; Hawari, F. Characteristics and Outcomes of Acinetobacter baumannii
In-fections in Critically Ill Patients with Cancer: A Matched Case-Control Study. Microb. Drug Resist. 2015, 21, 556–561. [CrossRef]
[PubMed]

13. Al-Dabaibah, N.; Obeidat, N.M.; Shehab, A.A. Epidemiology Features of Acinetobacter baumannii Colonizing Respiratory Tracts of
ICU Patients. Int. Arab. J. Antimicrob. Agents 2012, 2, 1–7. [CrossRef]

14. Almomani, B.A.; McCullough, A.; Gharaibeh, R.; Samrah, S.; Mahasneh, F. Incidence and predictors of 14-day mortality in
multi-drug-resistant Acinetobacter baumannii in ventilator-associated pneumonia. J. Infect. Dev. Ctries. 2015, 9, 1323–1330.
[CrossRef]

15. Obeidat, N.; Jawdat, F.; Al-Bakri, A.G.; Shehabi, A.A. Major biologic characteristics of Acinetobacter baumannii isolates from
hos-pital environmental and patients’ respiratory tract sources. Am. J. Infect. Control 2014, 42, 401–404. [CrossRef]

16. Higgins, P.; Hagen, R.; Kreikemeyer, B.; Warnke, P.; Podbielski, A.; Frickmann, H.; Loderstädt, U. Molecular Epidemiology
of Carbapenem-Resistant Acinetobacter baumannii Isolates from Northern Africa and the Middle East. Antibiotics 2021, 10, 291.
[CrossRef]

17. Turton, J.F.; Ward, M.E.; Woodford, N.; Kaufmann, M.E.; Pike, R.; Livermore, D.M.; Pitt, T.L. The role of ISAba1 in expression of
OXA carbapenemase genes in Acinetobacter baumannii. FEMS Microbiol. Lett. 2006, 258, 72–77. [CrossRef]

18. The Clinical and Laboratory Standards Institute (CLSI). M100 Performance Standards for Antimicrobial Susceptibility Testing.
30th ed Released 2020. Available online: https://www.nih.org.pk/wp-content/uploads/2021/02/CLSI-2020.pdf (accessed on
1 February 2022).

19. Yong, D.; Lee, Y.; Jeong, S.H.; Lee, K.; Chong, Y. Evaluation of Double-Disk Potentiation and Disk Potentiation Tests Using
Dipicolinic Acid for Detection of Metallo-β-Lactamase-Producing Pseudomonas spp. and Acinetobacter spp. J. Clin. Microbiol. 2012,
50, 3227–3232. [CrossRef]

20. Bradford, P.A.; Bratu, S.; Urban, C.; Visalli, M.; Mariano, N.; Landman, D.; Quale, J.; Brooks, S.; Cebular, S.; Quale, J. Emergence of
carbapenem-resistant Klebsiella species possessing the class A carbapenem-hydrolyzing KPC-2 and inhibitor-resistant TEM-30
β-lactamases in New York City. Clin. Infect. Dis. 2004, 39, 55–60. [CrossRef]

21. Woodford, N.; Ellington, M.J.; Coelho, J.M.; Turton, J.F.; Ward, M.E.; Brown, S.; Amyes, S.G.; Livermore, D.M. Multiplex PCR for
genes encoding prevalent OXA carbapenemases in Acinetobacter spp. Int. J. Antimicrob. Agents 2006, 27, 351–353. [CrossRef]

22. Pitout, J.D.; Gregson, D.B.; Poirel, L.; McClure, J.A.; Le, P.; Church, D.L. Detection of Pseudomonas aeruginosa producing
metal-lo-β-lactamases in a large centralized laboratory. J. Clin. Microbiol. 2005, 43, 3129–3135. [CrossRef]

23. Calhoun, J.H.; Murray, C.K.; Manring, M.M. Multidrug-resistant Organisms in Military Wounds from Iraq and Afghanistan. Clin.
Orthop. Relat. Res. 2008, 466, 1356–1362. [CrossRef]

24. Rodloff, A.C.; Leclercq, R.; Debbia, E.A.; Cantón, R.; Oppenheim, B.A.; Dowzicky, M.J. Comparative analysis of antimicrobial
suscep-tibility among organisms from France, Germany, Italy, Spain and the UK as part of the tigecycline evaluation and
surveil-lance trial. Clin. Microbiol. Infect. 2008, 14, 307–314. [CrossRef]

25. Souli, M.; Galani, I.; Giamarellou, H. Emergence of extensively drug-resistant and pandrug-resistant Gram-negative bacilli in
Europe. Eurosurveillance 2008, 13, 19045. [CrossRef]

26. Cai, Y.; Chai, D.; Wang, R.; Liang, B.; Bai, N. Colistin resistance of Acinetobacter baumannii: Clinical reports, mechanisms and
antimicrobial strategies. J. Antimicrob. Chemother. 2012, 67, 1607–1615. [CrossRef]

27. Karakonstantis, S. A systematic review of implications, mechanisms, and stability of in vivo emergent resistance to colistin and
tigecycline in Acinetobacter baumannii. J. Chemother. 2020, 33, 1–11. [CrossRef]

28. Karakonstantis, S.; Saridakis, I. Colistin heteroresistance in Acinetobacter spp.: Systematic review and meta-analysis of the
preva-lence and discussion of the mechanisms and potential therapeutic implications. Int. J. Antimicrob. Agents 2020, 56, 106065.
[CrossRef]

29. Karakonstantis, S.; Kritsotakis, E.I.; Gikas, A. Pandrug-resistant Gram-negative bacteria: A systematic review of current epidemi-
ology, prognosis and treatment options. J. Antimicrob. Chemother. 2020, 75, 271–282. [CrossRef]

30. Karakonstantis, S.; Kritsotakis, E.I.; Gikas, A. Treatment options for K. pneumoniae, P. aeruginosa and A. baumannii co-resistant to
carbapenems, aminoglycosides, polymyxins and tigecycline: An approach based on the mechanisms of resistance to car-bapenems.
Infection 2020, 48, 835–851. [CrossRef]

31. Karakonstantis, S.; Ioannou, P.; Samonis, G.; Kofteridis, D.P. Systematic Review of Antimicrobial Combination Options for
Pandrug-Resistant Acinetobacter Baumannii. Antibiot. 2021, 10, 1344. [CrossRef]

32. Ozaras, R.; Leblebicioglu, H.; Sunbul, M.; Tabak, F.; Balkan, I.I.; Yemisen, M.; Sencan, I.; Ozturk, R. The Syrian conflict and
infectious diseases. Expert Rev. Anti Infect. Ther. 2016, 14, 547–555. [CrossRef]

http://doi.org/10.3396/ijic.v9i2.012.13
http://doi.org/10.1089/mdr.2015.0032
http://www.ncbi.nlm.nih.gov/pubmed/26430944
http://doi.org/10.3823/710
http://doi.org/10.3855/jidc.6812
http://doi.org/10.1016/j.ajic.2013.10.010
http://doi.org/10.3390/antibiotics10030291
http://doi.org/10.1111/j.1574-6968.2006.00195.x
https://www.nih.org.pk/wp-content/uploads/2021/02/CLSI-2020.pdf
http://doi.org/10.1128/JCM.00818-12
http://doi.org/10.1086/421495
http://doi.org/10.1016/j.ijantimicag.2006.01.004
http://doi.org/10.1128/JCM.43.7.3129-3135.2005
http://doi.org/10.1007/s11999-008-0212-9
http://doi.org/10.1111/j.1469-0691.2007.01943.x
http://doi.org/10.2807/ese.13.47.19045-en
http://doi.org/10.1093/jac/dks084
http://doi.org/10.1080/1120009X.2020.1794393
http://doi.org/10.1016/j.ijantimicag.2020.106065
http://doi.org/10.1093/jac/dkz401
http://doi.org/10.1007/s15010-020-01520-6
http://doi.org/10.3390/antibiotics10111344
http://doi.org/10.1080/14787210.2016.1177457


Microorganisms 2022, 10, 849 12 of 13

33. Reinheimer, C.; Kempf, V.A.; Göttig, S.; Hogardt, M.; Wichelhaus, T.A.; O’Rourke, F.; Brandt, C. Multidrug-resistant organisms
de-tected in refugee patients admitted to a University Hospital, Germany June–December 2015. Eurosurveillance 2016, 21, 30110.
[CrossRef]

34. Verhoef, J.; Fluit, A. Surveillance uncovers the smoking gun for resistance emergence. Biochem. Pharmacol. 2006, 71, 1036–1041.
[CrossRef]

35. Bessong, P.O.; Guerrant, R.L. Improving our understanding of antibiotic resistance: The relevance of surveillance at the popula-
tion level. S. Afr. Med. J. 2017, 107, 11827. [CrossRef]

36. Batarseh, A.; Al-Sarhan, A.; Maayteh, M.; Al-Khatirei, S.; Alarmouti, M. Antibiogram of multidrug resistant Acinetobacter
baumannii isolated from clinical specimens at King Hussein Medical Centre, Jordan: A retrospective analysis. East. Mediterr.
Health J. 2016, 21, 828–834. [CrossRef]

37. Sanders, C.C.; Peyret, M.; Moland, E.S.; Cavalieri, S.J.; Shubert, C.; Thomson, K.S.; Boeufgras, J.-M.; Sanders, W.E. Potential
Impact of the VITEK 2 System and the Advanced Expert System on the Clinical Laboratory of a University-Based Hospital. J. Clin.
Microbiol. 2001, 39, 2379–2385. [CrossRef]

38. Leal, C.A.L.; Buitrago, G.G.; Ovalle, V.; Cortes, J.A.; Alvarez, C.A. Colombian Tigecycline Susceptibility Surveillance Group.
Comparing in vitro activity of tigecycline by using the disk diffusion test, the manual microdilution method, and the VITEK 2
automated system. Rev. Argent Microbiol. 2010, 42, 208–211.

39. Bobenchik, A.M.; Deak, E.; Hindler, J.A.; Charlton, C.L.; Humphries, R.M. Performance of Vitek 2 for Antimicrobial Susceptibility
Testing of Enterobacteriaceae with Vitek 2 (2009 FDA) and 2014 CLSI Breakpoints. J. Clin. Microbiol. 2015, 53, 816–823. [CrossRef]

40. Dimitriadis, P.; Protonotariou, E.; Varlamis, S.; Poulou, A.; Vasilaki, O.; Metallidis, S.; Tsakris, A.; Malisiovas, N.; Skoura, L.;
Pournaras, S. Comparative evaluation of minocycline susceptibility testing methods in carbapenem-resistant Acinetobacter
baumannii. Int. J. Antimicrob. Agents 2016, 48, 321–323. [CrossRef]

41. Tan, T.Y.; Ng, L.S.Y.; Poh, K. Susceptibility testing of unconventional antibiotics against multiresistant Acinetobacter spp. by agar
dilution and Vitek 2. Diagn. Microbiol. Infect. Dis. 2007, 58, 357–361. [CrossRef]

42. Kulah, C.; Aktas, E.; Comert, F.; Ozlu, N.; Akyar, I.; Ankarali, H. Detecting imipenem resistance in Acinetobacter baumannii by
automated systems (BD Phoenix, Microscan WalkAway, Vitek 2); high error rates with Microscan WalkAway. BMC Infect. Dis.
2009, 9, 30. [CrossRef] [PubMed]

43. Rafei, R.; Pailhoriès, H.; Hamze, M.; Eveillard, M.; Mallat, H.; Dabboussi, F.; Joly-Guillou, M.L.; Kempf, M. Molecular epidemi-
ology of Acinetobacter baumannii in different hospitals in Tripoli, Lebanon using blaOXA-51-like sequence based typing. BMC
Microbiology 2015, 15, 103. [CrossRef] [PubMed]

44. Ababneh, Q.; Aldaken, N.; Jaradat, Z.; Al Sbei, S.; Alawneh, D.; Al-zoubi, E.; Alhomsi, T.; Saadoun, I. Molecular epidemiology of
car-bapenem-resistant Acinetobacter baumannii isolated from three major hospitals in Jordan. Int. J. Clin. Pract. 2021, 75, e14998.
[CrossRef]

45. El-Khatib, L.; Al-Dalain, S.; Al-Matarneh, R.; Al-Bustanji, S.; Al-Dmour, M.; Al-Amarin, Y.; Gaber, Y. Prevalence of Multi-drug
Resistant Acinetobacter baumannii (MDRAB) in Amman Jordan During 2018. Infect Disord Drug Targets 2021, 21, 105–111. [CrossRef]

46. Abouelfetouh, A.; Torky, A.S.; Aboulmagd, E. Phenotypic and genotypic characterization of carbapenem-resistant Acinetobacter
baumannii isolates from Egypt. Antimicrob. Resist. Infect. Control 2019, 8, 185. [CrossRef] [PubMed]

47. Rolain, J.-M.; Loucif, L.; Al-Maslamani, M.; Elmagboul, E.; Al-Ansari, N.; Taj-Aldeen, S.; Shaukat, A.; Ahmedullah, H.; Hamed, M.
Emergence of multidrug-resistant Acinetobacter baumannii producing OXA-23 Carbapenemase in Qatar. New Microbes New Infect.
2016, 11, 47–51. [CrossRef]

48. Al Atrouni, A.; HamzeM, J.T.; Lemarié, C.; Eveillard, M.; Joly-Guillou, M.L.; Kempf, M. Wide spread of OXA-23-producing
car-bapenem-resistant Acinetobacter baumannii belonging to clonal complex II in different hospitals in Lebanon. Int. J. Infect. Dis.
2016, 52, 29–36. [CrossRef]

49. Bocanegra-Ibarias, P.; Peña-López, C.; Camacho-Ortiz, A.; Llaca-Díaz, J.; Silva-Sánchez, J.; Barrios, H.; Garza-Ramos, U.;
Rodríguez-Flores, A.M.; Garza-González, E. Genetic characterisation of drug resistance and clonal dynamics of Acinetobacter
baumannii in a hospital setting in Mexico. Int. J. Antimicrob. Agents 2015, 45, 309–313. [CrossRef]
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