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Abstract. – OBJECTIVE: Acinetobacter bau-
mannii, one of the ESKAPE pathogens, is on the 
World Health Organization (WHO) list of priori-
ties needing urgent new effective antimicrobial 
agents due to exhibited high resistance by the 
bacterium to currently available antibiotics. This 
study examines the periodic changes of clinical 
A. baumannii isolates and their antimicrobial re-
sistance patterns and types in Southeastern re-
gion of Saudi Arabia. 

MATERIALS AND METHODS: One hundred 
and seventy-seven randomly selected A. bau-
mannii isolates were used for the investigation 
with bacterial identities (IDs) and antimicrobi-
al assay ascertained with Gram-negative (GN) 
ID cards and antimicrobial susceptibility test 
(AST) cards of Vitek 2 Compact Automated Sys-
tem according to manufacturer’s guidelines. De-
scriptive phenotypic types of isolates were com-
pared using comparison proportion and Fisher 
extraction test, while Morpheus versatile matrix 
visualization and analysis software was used for 
the dendrogram of hierarchical clustering. 

RESULTS: A significantly higher proportion 
of samples were from males compared to fe-
males (p = 0.025), with 33.33% of samples orig-
inating from patients aged 51-70 years. Resis-
tance was high for imipenem (93%), meropen-
em (94%), levofloxacin, ciprofloxacin (99%), and 
aztreonam (98%). There was less percentage re-
sistance to colistin (18%), tigecycline (23%), and 
minocycline (23%). Multidrug resistance (MDR)/
carbapenem-resistant Acinetobacter baumannii 
(CRAB) was observed consistently across all 
years. There was no extensive drug resistance 
(XDR) among isolates from 2013 to 2014, but it 
was present in the 2016 to 2018 and 2019 to 2020 
periods, while pandrug resistance was seen on-
ly in the 2019 to 2020 isolates. 

CONCLUSIONS: The study shows a clear 
trend of the isolates changing from MDR to 
XDR and then to pandrug resistance over the 
study period. Also, it indicates that carbapen-
ems might no longer be a treatment choice in 

this study region. Although colistin exhibited 
less resistance, the toxicity of the drug reduces 
its usefulness. The development of pandrug re-
sistance is a critical concern.
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Introduction

In a recent CLSI news report¹, Acinetobacter 
baumannii was described as “the bad, the awful, 
and the downright ugly”, a characterization that 
aptly reflects the current status and concerning 
traits of this opportunistic pathogen. With an 
estimated 8,500 carbapenem-resistant cases of in-
fection amongst critically ill patients in the USA2, 
mortality rates in severe cases are placed at be-
tween 14-73% in the US3,4, with percentages dif-
fering in various regions of the world5. A recent 
study6 indicates that the mortality rate ranges 
from 18% to 88%, depending on the source of the 
infection and varying geographically. Overall, A. 
baumannii is recognized as one of the leading 
causes of nosocomial infections, associated with 
high morbidity and mortality7. Consequently, in 
the 21st century, this bacterium has emerged as a 
significant global public health threat, linked to 
both community-acquired and hospital-associat-
ed infections, constituting a great challenge to 
clinicians. Besides, this opportunistic pathogen 
has evolved over time and is presently grouped as 
one of the ESKAPE pathogens8,9. 

In addition to this, Acinetobacter baumannii 
has emerged as the most important species of the 
genus Acinetobacter5. The bacterium is an op-
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portunistic pathogen commonly associated with 
hospital-acquired infections (HAIs) and highly 
resistant to available antimicrobials10. Further-
more, it is postulated to be the third most com-
mon bacteria pathogen causing bacteremia in 
patients and the seventh most common isolated 
bacterium recovered from critically ill patients-
11The bacterium is also recognized as one of the 
six most significant antibiotic-resistant pathogens 
associated with hospitalized patients worldwide, 
exhibiting an exceptional ability to spread across 
various environments12. An estimated 10 million 
deaths could be attributed to A. baumannii by 
2050 if the current trend of antimicrobial resis-
tance (AMR) continues unchecked13,14. 

Carbapenems were once the preferred treat-
ment for A. baumannii infections, but their fre-
quent use has led to a significant rise in resistance 
to these antibiotics15. This resistance has now 
become widespread16 with an increase in car-
bapenem-resistant strains has been reported in 
Saudi Arabia17,18. This has subsequently resulted 
in reduced therapeutic efficacies of these drugs 
as well as providing clinicians with fewer op-
tions in the management of hospitalized patients 
with A. baumannii infections. The resistance of 
Acinetobacter baumannii to antimicrobials has 
diverse and complex mechanisms that contribute 
to treatment complications19. Generally, carbape-
nem-resistant Acinetobacter baumannii (CRAB) 
has been an increasing major health challenge 
associated with high mortality among intensive 
care unit (ICU) patients20.

Over the years, CRAB has advanced from 
multidrug resistance (MDR), with reports21,22 

from the United Kingdom showing an increase in 
resistance from 47% to 77% in just three years. 
Elsayed et al23 also documented the presence 
of not only MDR but extensive drug resistance 
A. baumannii (XDR-AB) with the presence of 
pandrug resistance A. baumannii among patients. 
Therefore, the progression from MDR to pandrug 
resistance is concerning, especially with the in-
creasing difficulty in treating bacterial infections.

For all the aforementioned reasons, A. bau-
mannii is listed by the World Health Organiza-
tion24,25 as a critical pathogen of priority needing 
the development of effective drugs as a result of 
high resistance to currently available antibiotics26.

MDR is defined by the Centers for Disease 
Control and Prevention (CDC)27 as resistance 
to at least one agent in three or more classes 
of antibiotics, including the aminoglycosides, 
cephalosporins, carbapenems, fluoroquinolones, 

piperacillin-tazobactam, ampicillin-sulbactam. 
Therefore, MDR has now constituted a clinical 
challenge leading to high morbidity and mor-
tality in critically ill patients. Also, XDR is the 
nonsusceptibility by an isolate to a minimum of 
one agent in all but two or fewer classes of an-
tibiotics. Pandrug-resistant (PDR) A. baumannii 
are categorized as those that are extensively 
drug-resistant (XDR) and additionally resistant 
to tigecycline and polymyxins28. MDR, XDR, 
and PDR A. baumannii clinical isolates are on 
the rise creating difficulties in defining stan-
dard treatment for patients. MDR A. baumannii 
(MDR-AB) is reported to be on the increase glob-
ally29,30. Generally, XDR and PDR A. baumannii 
have been reported in regions of the world and 
are gaining much attention by researchers31,32. 
Therefore, clinicians are challenged with the 
few therapeutic options available for managing 
critically ill patients. According to studies33, 
frequently adduced mechanisms of A. bauman-
nii resistance include beta-lactamase expression, 
the presence of porins, and efflux pumps. There-
fore, resistance acquisition of the bacterium has 
been well documented in the literature, with 
their resistance to quinolones reported to be 
due to mutations in the gyrA and parC genes, 
whereas, for aminoglycosides, it expresses the 
presence of modifying enzyme34. Also, its resis-
tance to colistin is due to mutation in PmrA and 
B proteins35. These agents are drugs used in the 
control of Gram-negative bacterial infections. 
Therefore, in cases of A. baumannii infection 
management, it is important to determine the 
likelihood of resistance due to prior antibiotic 
exposure, previous Gram-negative culture for 
MDR-AB, and environmental rates of resistance. 
Despite the aforementioned, clinical practice has 
been in favor of using polymyxin-carbapenem 
as combined therapeutic measures even without 
any evidence of better outcome36. This might, 
therefore, elucidate the reason why there has 
been a progression of this ubiquitous pathogen 
from MDR strains to emerging pandrug-resis-
tant ones, further complicating the management 
of resultant infections. 

Extreme drug-resistant A. baumannii (XDR-
AB) is reportedly a “dreaded entity” in nosoco-
mial bacteremia and ventilator-associated pneu-
monia infections in hospitalized patients37. To 
portray concerns for difficult-to-treat A. bauman-
nii, it has also been designated as a “red alert”, 
creating difficulties for clinicians due to the spec-
trum of XDR38. The WHO’s39 warning about 
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a post-antibiotic era, where common infections 
could become fatal, still stands with no relief in 
sight. Much literature is available on the mecha-
nism of antimicrobial resistance and its molecu-
lar mechanism in A. baumannii. There will be a 
need to re-examine the phenotypic characteristics 
of the bacterial strains in this region of study 
for surveillance and curtailment. Therefore, the 
present investigation seeks to look into the phe-
notypic characteristics of clinical isolates of A. 
baumannii over the periods of 2013-2014, 2016-
2018, and 2019-2020. In addition, it examines the 
trends in changes in susceptibility in terms of 
their antimicrobial resistance patterns. Finally, to 
ascertain the reason for the rise in treatment fail-
ure, particularly MDR, XDR, and pan drug-resis-
tant clinical isolates of Acinetobacter baumannii 
from this Southeastern region of Saudi Arabia. A 
region that had reported a high incidence of car-
bapenem-resistant A. baumannii [CRAB] strains 
in a number of research17,18,40. The goal is to up-
date antimicrobial susceptibility patterns over 
time, in accordance with regional surveillance 
recommendations.

Materials and Methods

A. baumannii isolates were stored in the micro-
bank at -80°C freezer in the laboratory of the Mi-
crobiology division of the College of Medicine, 
King Faisal University, Al-Ahsa. No patients 
were involved in the study. 

Bacterial Isolates and ID Confirmation
Randomly selected Acinetobacter baumannii 

isolates were retrieved from Microbank™ tubes 
(Pro-lab Diagnostic, Georgetown, TX, USA) that 
had been stored in a -80°C freezer. Each iso-
late had codes that differed depending on the 
year of the first isolation. They were retrieved 
by plaiting them out on MacConkey agar and 
incubated overnight at 37°C. Pure bacterial col-
onies were obtained by plaiting out the resultant 
overnight growth on MacConkey agar, incubated 
at 37°C for 24 hours, and used for confirma-
tion of IDs and antimicrobial susceptibility test 
of the bacterial isolates. The bacterial isolate 
IDs were confirmed using the Gram-negative 
(GN) ID cards of Vitek 2 Compact Automated 
System (BioMérieux, Marcy L’Etoile, France) 
following the manufacturer’s guidelines. Also, 
the detection of the OXA-51 gene by PCR using 

previously described primers sequence, F: 5’-TA-
ATGCTTTGATCGGCCTTG-3’, R: 5’-TGGATTG-
CACTTCATCTTGG-3 confirmed the A. bauman-
nii isolates18,41.

Antimicrobial Susceptibility Test (AST), 
Minimum Inhibitory Concentration, 
and ESBL assay

With the GN AST cards of Vitek 2 Compact 
Automated System (BioMérieux, Marcy L’Etoile, 
France), the isolates were tested against the fol-
lowing antibiotics: Benzylpenicillin (BENPEN), 
Ampicillin/Sulbactam (Ams),  Ceftazidime (Caz), 
Cefepime (Pime), Ticarcillin/Clavulanic Acid 
(Tcc), Imipenem (Imp), Meropenem (Mer), Tige-
cycline (Tig), Colistin (Cs), Ciprofloxacin (Cip), 
Gentamicin (Gm), Amikacin (Amk), Tobramycin 
(Tob), Netilmicin (Net), Minocycline (Min), Az-
treonam (Azt), Levofloxacin (Levo), Ampicillin 
(Amp), Trimethoprim/sulfamethoxazole (Sxt), 
Piperacillin/Tazobactam (Ptz), according to the 
guidelines of the manufacturers (https://www.
epa.gov/sites/default/files/2017-01/documents/qc-
22-04.pdf,  accessed on 31/01/2024). The mini-
mum inhibitory concentrations for the antibiot-
ics and the Extended Spectrum Beta-Lactamase 
(ESBL) production were defined with Vitek 2 
Compact Automated System (BioMérieux, Mar-
cy L’Etoile, France). Results from the antimicro-
bial assay were used to define the isolates into 
MDR, XDR, and PDR as defined by the CDC and 
the European Center for Disease Prevention and 
Control (ECDC)41-44.

 
Grouping of Antibiotics 

The antimicrobials were grouped into the fol-
lowing groups: Polymyxins (colistin), Penicillins 
(Benzylpenicillin, Ampicillin), β-lactamase inhib-
itors (Ampicillin/Sulbactam), Antipseudomonal 
penicillin’s plus, b-lactamase inhibitors (Piperacil-
lin/Tazobactam), Fluoroquinolones (Levofloxacin, 
ciprofloxacin), Extended-spectrum cephalosporins 
(Ceftazidime, Cefepime), Carbapenem (Imipenem, 
Meropenem), Monobactam (Aztreonam), Tetracy-
clines (Minocycline, Tigecycline), and Folate path-
way inhibitors (Trimethoprim/sulfamethoxazole). 

Statistical Analysis
An Excel sheet was used for the collection 

of data, with results presented as numbers and 
percentages. The descriptive types of A. bau-
mannii resistance profiles were compared statis-
tically using comparison proportion and Fisher’s 
extraction test. Also, GraphPad Prism version 

https://www.epa.gov/sites/default/files/2017-01/documents/qc-22-04.pdf
https://www.epa.gov/sites/default/files/2017-01/documents/qc-22-04.pdf
https://www.epa.gov/sites/default/files/2017-01/documents/qc-22-04.pdf
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10.0.2 (232) (Boston, MA, USA) was used to 
compute the heatmap display. The correlation be-
tween percentage resistance vs. percentage sensi-
tivity and intermediate resistance was computed 
using a two-tailed Pearson correlation coefficient 
test at a 95% confidence interval and significance 
taken at p ≤ 0.05. Also, data comparing the per-
centage of resistance according to antimicrobial 
groups are presented as mean ± SD. While den-
drogram of hierarchical clustering was generated 
with Morpheus versatile matrix visualization and 
analysis software (https://software.broadinstitute.
org/morpheus). 

Results

Demographics and Sample Types
The patient demographics and types of sam-

ples from which A. baumannii was isolated are 
presented in Supplementary Table I.

There were significantly more samples from 
males (59.88%) than females (38.42%) (p = 
0.025), with sex not specified (NS) for 1.7% of 
the samples. The patients’ ages ranged from 12 
months to 90 years.

The majority of them were in the age groups 
of 61-70 years (17.51%) and 51-60 years (15.82%), 
with differences not significant (p = 0.749). 
In addition to this, most of the isolates were 
from transtracheal aspirate (35.02%) and wound 
swabs (30%), with differences in percentage 
that were not statistically significant (p = 0.449). 
Also, high were isolates from Sputum (12.3%), 
while other specimen types included blood 
(2.82%), bronchial alveolar (1.69%), central ve-
nous catheter (CVC) (1.69%), cerebral spinal 
fluid (CSF) (1.23%), nasopharyngeal aspirates 
(1.69%), urine (3.4%), tissue culture (1.69%) 
and incision drainage fluid (3.95%). In 4.52% of 
specimen types were not specified (NS) (Sup-
plementary Table I). 

Description of A. Baumannii Isolates and 
Susceptibility Profile

A total of 177 isolates collected between 2013 
and 2020 were randomly selected for the in-
vestigation. Of these, 38 (21.47%) were from 
the 2013-2014 samples, with their characteristics 
displayed in Table I. The results in Table I show 
varying percentages of susceptibility among the 
2013-2014 isolates, with susceptibility to one 
antibiotic (13%), two antibiotics (26.3%), three 
antibiotics (21%), and up to four or five antimicro-

bials (18.42% and 15.8%, respectively). Only two 
(5%) of the A. baumannii isolates in this group 
were classified as susceptible strains; however, 
the majority of the isolates were significantly (p 
= 0.000002) identified as MDR/CRAB strains 
(71%), while the rest were categorized as either 
XDR/CRAB (13%) or MDR carbapenem-suscep-
tible strains, as detailed in Table I. The isolates 
here were sensitive to colistin (Cs), which is the 
only antimicrobial to which the XDR/CRAB 
isolates were sensitive. There was also a high 
susceptibility to Tig, as seen in 28 (73.68%) of the 
2013-2014 isolates. 

The majority (62.71%) are the 2016-2018 iso-
lates, and their profiles are described in Tables 
II-IV, grouped according to the number of an-
timicrobials to which they were susceptible. To 
this effect, the results describing the profile of 
isolates sensitive to one or two antimicrobials 
are displayed in Table II, while those susceptible 
to three, four, or more antibiotics are shown in 
Tables III and IV, respectively.  

A description of 38 isolates collected be-
tween 2016-2018 that were sensitive to one or 
two antimicrobials is shown in Table II. The 
isolates were either significantly (p = 0.001) 
more (97%) MDR/CRAB or XDR (3%). All the 
isolates in this group were resistant to the car-
bapenems, mostly sensitive to Cs (82%) and Tig 
(59%). Another twenty-nine of the 2016-2018 A. 
baumannii isolates were sensitive to only three 
antibiotics, and their profile description is shown 
in Table III. The table shows that all the isolates 
were MDR/CRAB, and a high number of them 
(96%) were sensitive to colistin (Cs) and Tig 
(89.65%), while sensitivity to other antibiotics 
varied (Table III).

The susceptibility profile and description of the 
remaining forty-eight isolates of the 2016-2018 
group are shown in Table IV. These isolates in 
this table were sensitive to four or more antibiot-
ics, and all the isolates, with the exception of one 
(09 A156), were sensitive to both Tig and Cs. The 
results also (Table IV) showed different A. bau-
mannii isolates with the classification of resistant 
patterns along with the number of antimicrobials 
they are sensitive to. Only five isolates were 
found to be sensitive to the antibiotics tested.  
These sensitive results, when compared to other 
resistant patterns, appeared to be significantly 
low (p < 0.0001), representing 10.42%. This in-
dicates that many of the A. baumannii isolates 
are highly resistant strains. Four A. baumannii 
isolates (8.33%) exhibited MDR characteristics. 

https://software.broadinstitute.org/morpheus
https://software.broadinstitute.org/morpheus
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-120.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-120.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-120.pdf
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Furthermore, the majority of the remaining iso-
lates (81.25%) displayed dual MDR-CRAB traits, 
with a statistically significant difference (p < 
0.0001) based on a comparison of proportions 
analysis. Table V describes the characteristics of 
the 2019-2020 A. baumannii isolates. The number 
of antibiotics against which the isolates were sen-
sitive varied. Of the twenty-eight isolates in this 
group, 4 (11%) were not sensitive to any of the 
antibiotics, including Tig and Cs, and thus PDR. 
All the 2019-2020 isolates were carbapenem-re-
sistant, while significantly (p = 0.0158) more of 

them (53%) were MDR/CRAB as compared to 
those that were XDR/CRAB (36%). 

Overall Antimicrobial Susceptibility 
by the Isolates and MICs of 
Tested Antimicrobials 

Figure 1A displays a summary of the find-
ings on 177 A. baumannii isolates antimicrobial 
agents’ susceptibility types in terms of sensitiv-
ity, intermediate, and resistance. Results showed 
the isolates were highly resistant to imipenem 
and meropenem (93% and 94%, respectively). 

Table I. Description of A. baumannii isolates collected between 2013 and 2014.

 Bacterial    Percentage
 isolate Susceptibility  Number (%)
 code pattern Susceptible antibiotics sensitive  sensitive Total

08 A3 MDR/CRAB Tig, Cs, Ptz 3 18.7 
08 A19 MDR/CRAB Tig, Cs, Net 3 18.7 
08 A23 MDR Cs, Imp, Mer, Amk 4 25.0 
08 A27 MDR Mer, Tig, Cs 3 15.8 
08 A30 XDR/CRAB Cs 1 6.7 
08 A33 MDR/CRAB Cs, Amk 2 13.3 
08 A36 MDR/CRAB Cs, Tig, Sxt 3 15.8 
08 A42 MDR/CRAB Tig, Cs 2 14.3 
08 A43 MDR/CRAB Tig, Cs 2 14.3 
08 A67 XDR/CRAB Cs 1 6.7 
08 A68 MDR/CRAB Tig, Cs, Tob, Min 4 22.2 
08 A74 MDR/CRAB Tig, Cs 2 13.3 
08 A75 MDR/CRAB Tig, Cs, Amk 3 21.4 Total = 38
08 A76 MDR/CRAB Tig, Cs, Amk, Tob, Net, Min 6 33.3 MDR = 4 (11%)
08 A88 MDR/CRAB Tig, Cs, Sxt 3 15.8 MDR/CRAB = 27 (71%)
08 A89 MDR/CRAB Tig, Cs, Sxt 3 15.8 XDR/CRAB = 5 (13%)
08 A92 MDR/CRAB Tig, Cs 2 13.3 SS = 2 (5%)
08 A93 XDR/CRAB Cs 1 6.7 
08 A94 XDR/CRAB Cs 1 6.3 
08 A98 MDR Imp, Tig, Cs, Net 4 28.6 Fisher’s exact test = 
08 A112 MDR/CRAB Tig, Cs 2 14.3 Significance level
08 A113 MDR/CRAB Tig, Cs 2 14.3 
08 A114 MDR/CRAB Tig, Cs 2 14.3 p = 0.000002
08 A119 MDR/CRAB Tig, Cs 2 14.3 
08 A122 MDR/CRAB Tig, Cs 2 14.3 
08 A132 MDR Imp, Mer, Tig, Cs, Net 5 27.8 
08 A159 MDR/CRAB Tig, Cs, tz 3 18.7 
08 A160 XDR/CRAB Cs 1 7.1 
11 A4 SS Imp, Mer, Tig, Cs, Tob, Net, Min 7 41.2 
11 A9 SS Tig, Cs, Amk, Tob, Net, Min, Ptz 7 38.8 
11 A13 MDR/CRAB Cs, Ams, Tob, Net 4 23.5 
11 A14 MDR/CRAB Tig, Cs, Tob, Net 4 23.5 
11 A44 MDR/CRAB Tig, Cs, Tob, Net, Min 5 29.4 
11 A46 MDR/CRAB Cs, Ams, Tob, Net 4 23.5 
11 A47 MDR/CRAB Cs, Tob, Net, 3 17.6 
11 A158 MDR/CRAB Tig, Cs, Tob, Net, Min 5 27.7 
11 A175 MDR/CRAB Tig, Cs, Tob, Net 4 25.0 
10 A179 MDR/CRAB Tig, Cs, Min 3 16.7 

MDR: multidrug-resistant; XDR: extensive drug-resistant; CRAB: carbapenem-resistant Acinetobacter baumannii; SS: 
susceptible strain; Imp: Imipenem; Mer: meropenem; Amk: amikacin; Tig: tigecycline; Cs: colistin; Tob: tobramycin; Net: 
netilmicin; Ptz: piperacillin/tazobactam; Ams: ampicillin/sulbactam; Min: minocycline. 
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They were less resistant to amikacin, netilmicin, 
and tobramycin, with 79, 41, and 54%, respec-
tively. Additionally, these isolates showed a high-
er resistance to ciprofloxacin and levofloxacin 
at 99% each as compared to all antimicrobial 
agents used in this study. However, resistance 
by the isolates was significantly lower to colistin 
(18%), tigecycline (23%), and minocycline (23%), 
thus more sensitive to these agents as compared 
to other antimicrobials. However, resistance to 
aztreonam was found to be 98%, whereas re-
sistance to ampicillin-sulbactam and piperacil-
lin-tazobactam showed 84% and 91%, respec-
tively. Furthermore, A. baumannii’s resistance to 
benzylpenicillin and ampicillin rightly exhibited 
100% resistance. The bacterium is known to be 

intrinsically resistant to the two penicillin antibi-
otics. In terms of antimicrobial grouping (Figure 
1B), penicillin, as expected, showed absolute 
resistance with antipseudomonal penicillin plus 
beta-lactam inhibitor, having 93.5%. A. bauman-
nii isolates exhibited 98% and 99% resistance to 
monobactam and fluoroquinolones. Resistance to 
aminoglycosides and tetracyclines appeared to be 
low, but polymyxin had the lowest resistant pro-
file, as exhibited by A. baumannii isolates. 

The results of minimum inhibitory concen-
trations given by Vitek 2 Compact Automated 
System for the isolates are shown in Supplemen-
tary Table II. Results were interpreted by the 
2015 Clinical and Laboratory Standards Institute 
(CLSI) and the European Committee on Anti-

Table II. Description of 2016-2018 A. baumannii isolates susceptible to two or three antimicrobials. 

 Bacterial Drug   Percentage
 isolate resistan  Number (%)
 code pattern Susceptible antibiotics sensitive  sensitive Total

09 A20 XDR/CRAB Ams 1 5.5 
09 A34 MDR/CRAB Cs 1 6.3 
09 A72 MDR/CRAB Cs 1 7.1  
09 A121 MDR/CRAB Tig 1 6.3 
09 A137 MDR/CRAB Cs 1 7.7 
09 A149 MDR/CRAB Cs 1 6.7  
09 A166 MDR/CRAB Cs 1 5.5 
09 A180 MDR/CRAB Cs 1 6.3 
09 A181 MDR/CRAB Tig 1 6.3 
09 A11 MDR/CRAB Cs, Sxt 2 11.8 34 isolates
09 A71 MDR/CRAB Cs, Sxt 2 11.8 XDR/CRAB = 1 (3%)
09 A24 MDR/CRAB Tig, Cs 2 11.1 MDR/CRAB = 33 (97%)
09 A29 MDR/CRAB Cs, Sxt 2 12.5 
09 A52 MDR/CRAB Tig, Cs 2 11.1 
09 A53 MDR/CRAB Tig, Cs 2 12.5 p < 0.0001
09 A61 MDR/CRAB Tig, Cs 2 15.4 Comparison of proportion
09 A62 MDR/CRAB Tig, Cs 2 15.4 comparison
09 A63 MDR/CRAB Tig, Cs 2 13.3 
09 A80 MDR/CRAB Tig, Cs 2 13.3 
09 A81 MDR/CRAB Tig, Cs 2 14.3 
09 A82 MDR/CRAB Tig, Cs 2 15.4 
09 A83 MDR/CRAB Tig, Cs 2 11.1 
09 A85 MDR/CRAB Tig, Cs 2 16.7 
09 A86 MDR/CRAB Tig, Cs 2 15.4 
09 A130 MDR/CRAB Tig, Cs 2 14.3 
09 A148 MDR/CRAB Tig, Cs 2 13.3 
09 A152 MDR/CRAB Tig, Cs 2 12.5 
09 A170 MDR/CRAB Tig, Cs 2 12.5 
09 A154 MDR/CRAB Ams, Tob 2 11.8 
09 A104 MDR/CRAB Cs, Sxt 2 11.8 
09 A182 MDR/CRAB Cs, Sxt 2 12.5 
09 A139 MDR/CRAB Tob, Net 2 12.5 
09 A141 MDR/CRAB Tig, Cs 2 11.8 
09 A146 MDR/CRAB Tig, Cs 2 14.3 

MDR: multidrug-resistant; XDR: extensive drug-resistant; CRAB: carbapenem-resistant Acinetobacter baumannii; Tig: 
tigecycline; Cs: colistin; Tob: tobramycin; Net: netilmicin; Sxt: trimethoprim/sulfamethoxazole; Ams: ampicillin/sulbactam.

https://www.europeanreview.org/wp/wp-content/uploads/240908_010227_Supplementary-Table-2.pdf
https://www.europeanreview.org/wp/wp-content/uploads/240908_010227_Supplementary-Table-2.pdf
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microbial Susceptibility Testing (2020). (https://
www.eucast.org/fileadmin/src/media/PDFs/EU-
CAST_files/Breakpoint_tables/v_10.0_Break-
point_Tables.pdf). 

Phenotypic Relatedness of 
A. baumannii Isolates

The dendrogram of cluster analysis grouped 
the investigated A. baumannii isolates into three 
main segments shown in Figures 2, 3, and 4. Each 
segment consisted of a varying number of isolates 
spread out in clades and clusters.

The first segment (Figure 2) is a dendrogram 
showing the hierarchical clustering of seventy-six 
of the investigated isolates categorized into two 
clades with four clusters each. The grouping of 
the isolates did not show phenotypic relatedness 
in either their percentages of antibiotics-resistant 
patterns or sample types of the investigated iso-
lates. However, in the first cluster of clade 1, some 

phenotypic relatedness in terms of percentage 
resistance (84.6%) of isolates 09 A61, 09 A86, 
and 09 A82 is seen as displayed in group 1 of 
Figure 2. Hence, clusters 2-4 comprising group B 
showed varied phenotypic non-relatedness, thus 
indicating diversity of isolates. Examining clade 
2 and displayed clusters revealed that group K of 
cluster 8 showed phenotypical relatedness, ex-
hibiting the same resistant profile from different 
sample sources. Other clusters (5-7) did not show 
any relatedness and, therefore, showed dissimi-
larities among the isolates. 

The second (Figure 3) segment is the den-
drogram clustering of twenty-two A. baumannii 
isolates of two clades having 5 clusters with four 
groups (A-D). Isolates clustered in groups A and 
B showed a somewhat phenotypical relatedness 
in terms of both resistance and isolate sources. 
Furthermore, isolate clusters in group D showed 
complete relatedness with percentage resistance 

Table III. The characteristics of A. baumannii isolates from 2016 to 2018 are sensitive to three antibiotics.

 Bacterial Susceptibility  Number (%) 
 isolate code pattern Susceptible antibiotics sensitive  Total

09 A1  Tig, Cs, Tob 17.6 
09 A2  Tig, Cs, Tob 17.6 
09 A5  Tig, Cs, Tob 16.7 
09 A10  Tig, Cs, Amk 18.8 
09 A15  Tig, Cs, Net,  20.0 
09 A18  Tig, Cs, Min 16.7 
09 A25  Tig, Cs, Amk 20.0 
09 A32  Tig, Sxt, Ptz 18.8 MDR = 29
09 A39  Tig, Cs, Net,  17.6 CRAB = 29
09 A45  Tig, Cs, Ams 16.7 
09 A54  Tig, Cs, Ptz 23.0 
08 A56  Tig, Cs, Levo 21.4 
09 A70 MDR CRAB Tig, Cs, Ptz 20.0 
09 A99  Tig, Cs, Amk 21.4 
09 A111  Cs, Ams, Sxt 16.7 
09 A116  Tig, Cs, Sxt 16.7 
09 A126  Tig, Cs, Min 16.7 
09 A128  Tig, Cs, Min 16.7 
09 A129  Tig, Cs, Min 16.7 
09 A131  Tig, Cs, Tob 16.7 
09 A140  Tig, Cs, Min 16.7 
09 A144  Cs, Ams, Ptz 16.7 
09 A145  Tig, Cs, Amk 21.4 
09 A151  Tig, Cs, Sxt 18.8 
09 A153  Tig, Cs, Amk 18.8 
09 A171  Tig, Cs, Tob 16.7 
09 A172  Tig, Cs, Tob 16.7 
09 A167  Cs, Min, Azt,  16.7 
09 A168  Tig, Cs, Min 16.7 

MDR: multidrug-resistant; CRAB: carbapenem-resistant Acinetobacter baumannii; Amk: amikacin; Tig: tigecycline; Cs: 
Colistin; Tob: tobramycin; Net: netilmicin; Sxt: trimethoprim/sulfamethoxazole; Azt: aztreonam; Ptz: piperacillin/tazobactam; 
Ams: ampicillin/sulbactam; Min: minocycline. 

https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_10.0_Breakpoint_Tables.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_10.0_Breakpoint_Tables.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_10.0_Breakpoint_Tables.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_10.0_Breakpoint_Tables.pdf
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Table IV. Description of 2016-2018 A. baumannii isolates susceptible to four or more antimicrobials.

 Bacterial    Percentage
 isolate Resistance  Number (%)
 code pattern Susceptible antibiotics sensitive  susceptibility Total

09 A6 MDR/CRAB Tig, Cs, Tob, Net, Min 5 27.8 
09 A8 MDR/CRAB Tig, Cs, Tob, Net, Min 5 27.8 
09 A12 SS Tig, Cs, Imp, Mer, Cip, Levo 6 40.0  
09 A16 MDR Tig, Cs, Imp, Amk 4 25.5 
09 A17 MDR/CRAB Cs, Amk, Min, Sxt 4 22.2 
09 A26 MDR Tig, Cs, Mer, Min 4 22.2 
09 A28 MDR/CRAB Tig, Cs, Tob, Min 4 22.2 
09 A37 MDR/CRAB Tig, Cs, Tob, Min 4 25.5 
09 A38 MDR/CRAB Tig, Cs, Ams, Amk, Sxt 5 27.8 
09 A40 MDR/CRAB Tig, Cs, Ams, Tob, 4 25.5 Total = 48
09 A41 MDR/CRAB Tig, Cs, Amk, Net, Min 5 27.8 MDR = 4 (8.33 %)
09 A48 MDR/CRAB Tig, Cs, Min, Sxt 4 22.2 SS = 5 (10.42 %)
09 A49 MDR/CRAB Tig, Cs, Tob, Net, Min 5 27.8 MDR/CRAB = 39 (81.25 %)
09 A50 MDR/CRAB Tig, Cs, Tob, Net, Min 5 27.8 
09 A51 MDR/CRAB Tig, Cs, Tob, Net, Min 5 27.8 
09 A58 MDR/CRAB Tig, Cs, Tob, Min 4 25.5 
09 A59 SS Tig, Cs, Imp, Mer, Ams 5 41.7 
09 A64 MDR/CRAB Tig, Cs, Tob, Min 4 22.2 
09 A65 MDR/CRAB Tig, Cs, Tob, Min 4 22.2 
09 A66 SS Tig, Cs, Imp, Mer, Pime, Caz 6 50 
09 A69 MDR/CRAB Tig, Cs, Amk, Sxt 4 22.2 
09 A73 MDR/CRAB Tig, Cs, Amk, Sxt 4 26.7 
09 A79 MDR/CRAB Tig, Cs, Amk, Net, Min 5 27.8 
09 A87 MDR/CRAB Tig, Cs, Amk, Net, Min 5 27.8 
09 A90 MDR/CRAB Tig, Cs, Amk, Net. 4 26.7 
09 A91 MDR/CRAB Tig, Cs, Net, Min 4 22.2 
09 A102 MDR/CRAB Tig, Cs, Azt, Sxt 4 23.5 
09 A105 MDR/CRAB Tig, Cs, Amk, Levo 4 26.7 
09 A108 MDR/CRAB Tig, Cs, Amk, Min, Sxt 5 27.8 
09 A117 MDR/CRAB Tig, Cs, Ams, Sxt 4 22.2 
09 A118 MDR/CRAB Tig, Cs, Ams, Amk 4 28.6 
09 A124 MDR/CRAB Tig, Cs, Amk, Net, Min 5 29.4 
09 A125 MDR/CRAB Tig, Cs, Amk, Net, Min 5 27.8 
09 A127 MDR/CRAB Tig, Cs, Tob, Net, Min 5 29.4 
09 A134 MDR/CRAB Tig, Cs, Net, Pzt 4 26.7 
09 A142 MDR Tig, Cs, Mer, Amk, Min, Sxt 6 33.3 
09 A143 MDR/CRAB Tig, Cs, Amk, Min, Sxt 5 27.8 
09 A147 SS Tig, Cs, Imp, Mer, Amk, Tob, Net, Min 8 47.0 
09 A150 SS Tig, Cs, Imp, Mer, Amk, Tob, Net, Min 8 44.4 
09 A156 MDR/CRAB Ams, Amk, Tob, Levo 4 25.5 
09 A157 MDR/CRAB Tig, Cs, Tob, Net, Min 5 27.8 
09 A163 MDR/CRAB Tig, Cs, Tob, Net, 4 22.2 
09 A164 MDR/CRAB Tig, Cs, Amk, Net 4 30.8 
09 A169 MDR/CRAB Tig, Cs, Net, Sxt 4 23.5 
09 A173 MDR/CRAB Tig, Cs, Tob, Net, Min 5 27.8 
09 A174 MDR/CRAB Tig, Cs, Tob, Net, Min 5 27.8 
09 A176 MDR/CRAB Tig, Cs, Tob, Net, Min 5 27.8 
09 A178 MDR Tig, Cs, Imp, Cip, 4 28.6 

MDR: multidrug-resistant; CRAB: carbapenem-resistant Acinetobacter baumannii; SS: susceptible strain; Imp: imipenem; Mer: 
meropenem; Amk: amikacin; Tig: tigecycline; Cs: colistin; Tob: tobramycin; Net: netilmicin; Ptz: piperacillin/tazobactam; Ams: 
ampicillin/sulbactam; Min: minocycline; Sxt: trimethoprim/sulfamethoxazole; Cip: ciprofloxacin. 
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despite coming from different sources. The re-
sults indicate, therefore, that these isolates are 
likely of the same strain of A. baumannii. 

In the third segment, a dendrogram of the 
phenotype relatedness analysis of  (Figure 4) 79 
A. baumannii isolates distributed them into two 
clades of nine (9) clusters, again showing diver-
sity. The group B isolates in cluster 2 of clade 1 
have ten isolates for which a similar percentage 
of resistance ranging from 81-89% was seen. 
Amongst these, 8 isolates displayed the same 
resistance profile, indicating that, a similar strain 
of A. baumannii. However, as observed in other 
A. baumannii isolates in previous figures, sample 
sources were different. Analysis of the dendro-
gram also in clade 1, cluster 3, revealed pheno-
typical relatedness for isolates 09 A6, 09 A51, 09 
A125, 09 A157, 11 A158, 09 A173, 09 A174, and 
09 A176, all with the same resistance profile of 
72% (Figure 4).  

However, for the isolates in group G of cluster 6, 
resistance was 81% (08 A3 and 08 A159) and 83% 
(09 A144, 09 A116, 09 A141). Also, two (2) isolates 
in this group (08 A74, 08 A33) had 87% resistance, 
while others (08 A42, 08 A43, 08 A114, 08 A119) 
exhibited 86% antimicrobial resistance. The sim-
ilarity in this group (Group F) is attributed to the 
percentage of antimicrobial resistance (Figure 4). 
All other clusters in both clades 1 and 2 showed 
diversity in the strains of A. baumannii, as demon-
strated by the phenotypical relatedness analyzed in 
Supplementary Figure 1, which shows a heatmap 
describing individual A. baumannii isolates map-
ping from these results. 

Phylogeny Relatedness of 
Individual Isolates to Their 
Antimicrobial Susceptibility

Supplementary Figures 1, 2, and 3 show a 
heatmap describing individual A. baumannii 

Table V. Description of 2019-2020 A. baumannii isolates susceptible to antimicrobials.

 Bacterial    Percentage
 isolate Resistance  Number (%)
 code description Susceptible antibiotics sensitive  sensitive Total

19 A04 XDR/CRAB Sxt 1 10 
19 A14 MDR/CRAB Tig, Sxt 2 11 
19 A16 MDR/CRAB Tig, Amk, Tob, Net, Min 5 28 
19 A17 PDR/CRAB None 0 0 
19 A20 XDR/CRAB Sxt 1 10 Total Isolates = 28 
19 A23 MDR/CRAB Tig, Amk, Tob, Net, Min 5 28 
19 A29 MDR/CRAB Tig, Amk, Tob, Net, Min 5 28 MDR/CRAB = 15 (53%)
19 A30 XDR/CRAB NONE 0 0 XDR/CRAB = 10 (36%)
19 A34 MDR/CRAB Tig, Amk, Tob, Net, Min 5 28 PDR/CRAB =3 (11%)
19 A36 PDR/CRAB None 0 0 
19 A40 MDR/CRAB Sxt 1 10 MDR/CRAB vs. XDR/CRAB
      p = 0.0158
19 A42 MDR/CRAB Sxt 1 10 
19 A44 MDR/CRAB Tig, Amk, Tob, Net, Min 5 28 
19 A45 MDR/CRAB Tig 1 10  
19 A46 MDR/CRAB Tig, Amk, Tob, Net, Min 5 28 
19 A50 MDR/CRAB Sxt 1 10 
19 A55 MDR/CRAB Sxt 1 10 
19 A57 MDR/CRAB Tig, Amk, Tob, Net, Min, Sxt 6 33.3 
19 A58 XDR/CRAB Tig 1 10 Comparison of proportion
19 A66 MDR/CRAB Tig, Amk, Tob, Net, Min 5 28 
19 A68 PDR/CRAB None 0 0 
19 A72 XDR/CRAB Amk, Tob, Net 3 16.7 
19 A78 XDR/CRAB Tig 1 10 
19 A 82 XDR/CRAB Sxt 1 10 
19 A83 XDR/CRAB Tig 1 10 
19 A88 XDR/CRAB Tig 1 10 
19 A89 XDR/CRAB Tig 1 10 
19 A91 MDR/CRAB Tig, Amk, Tob, Net, Min 5 28 

MDR: multidrug-resistant; XDR: extensive drug-resistant; PDR: pan drug-resistant; CRAB: carbapenem-resistant Acinetobacter 
baumannii; Tig: tigecycline; Tob: tobramycin; Net: netilmicin; Sxt: trimethoprim/sulfamethoxazole; Amk: amikacin; Min: 
minocycline. 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-66.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-66.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-51.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-34.pdf
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Figure 1. Heatmap showing the overall antimicrobial susceptibility of the investigated isolates against tested antibiotics (A) and the mean ± SD percentage resistance against 
antibiotic categories (B). Each box in panel (A) contains percentages for resistance, intermediate, and sensitivity values. Pen-β-Lac. Inh = Penicillins + β-lactamase inhibitors; 
Folate pathway inh = Folate pathway inhibitors;  APseu-Pen+β-Lac. In = Antipseudomonal Penicillins plus β-lactamase inhibitors.
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Figure 2.Dendrogram showing clusters of phenotypic relatedness amongst A. baumannii isolates. The first segment of the dendro gram of hierarchical clustering displays the 
codes of seventy-six of the investigated A. baumannii isolates, their resistance profile, and types of samples. Dendrogram is generated with Morpheus versatile matrix visualization 
and analysis software https://software.broadinstitute.org/morpheus. 

https://software.broadinstitute.org/morpheus
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isolates mapping to their antimicrobial assay 
based on the generated dendrogram of pheno-
type analysis. Hence, relating to their antibiotic 
susceptibility in in terms of sensitive, interme-
diate resistant, and resistant categories. Isolates 
09 A56, 09 A81, 09 A72, 09 A70, and 09 A80 
showed differences in the percentage of resis-
tance but with similarities seen in their being 
resistant to some types of antibiotics (Imp, Mer 
Amk, amongst others) while being sensitive 
to Cs and the Tig (Supplementary Figure 1). 
However, two isolates in the group differed, 
with one (09 A72) showing intermediate suscep-
tibility to Tig and the other (09 A56) resistant to 
Levo (Supplementary Figure 1).

Isolates 09 A11, 09 71, and 09 A104 (Sup-
plementary Figure 2) showed phenotypical re-
latedness as documented earlier, therefore con-
firming their similarity; the heatmap showed that 
they were all sensitive to Sxt and Cs. They also 
displayed intermediate resistant characteristics to 

Tob, with only 09 A11 and 09 A71 showing inter-
mediate resistance to Tig. Furthermore, phenotyp-
ic similarity of isolates 19 A14, 19 A40, 19 A55, 19 
A20, 19 A04, 19 A42, and 19 A82 are confirmed 
with heatmap analysis, showing all being sensitive 
to Sxt, all of which were resistant to Cs while only 
one isolate (19 A14) exhibited sensitivity to Tig.

Trends in Time Distribution
The percentage distribution of resistance char-

acteristics showed that a few isolates were PDR 
(Figure 5) while exhibiting very low sensitivity 
to other antimicrobials.

This figure also displays the frequency distri-
bution of A. baumannii isolation and resistance 
characteristics demonstrated over the years in-
vestigated. Results showed that in the period of 
2013-2014, A. baumannii isolates were more of 
MDR/CRAB. However, in the period 2016-2018, 
there was a reduction in A. baumannii isolates 
with MDR/CRAB, while some of the isolates 

Figure 3.  Dendrogram displaying clusters of A. baumannii isolates showing the extent of phenotypic relatedness. The 
second segment of the dendrogram of hierarchical clustering displays the codes of twenty-two of the investigated A. baumannii 
isolates, their resistance profile, and types of samples. Dendrogram is generated with Morpheus versatile matrix visualization 
and analysis software https://software.browadinstitute.org/morpheus. 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-66.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-66.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-51.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-51.pdf
https://software.broadinstitute.org/morpheus
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Figure 4. Dendrogram displaying clusters of A. baumannii isolates showing the extent of phenotypic relatedness. The third segment of the dendrogram of hierarchical clustering 
displays the codes of seventy-nine of the investigated A. baumannii isolates, their resistance profile, and types of samples. Dendrogram is generated with Morpheus versatile 
matrix visualization and analysis software https://software.broadinstitute.org/morpheus. 

https://software.broadinstitute.org/morpheus


L.I. Badger-Emeka, P.M. Emeka, S.A. Quadri

4396

exhibited XDR characteristics. Also, the period 
2019-2020 produced MDR/CRAB, XDR/CRAB, 
and PDR isolate strains with no sensitive A. bau-
mannii in this group. 

Discussion

This report demonstrates that Acinetobacter bau-
mannii is linked to hospitalized patients of various 
ages, consistent with other studies that identify the 
bacterium as an opportunistic pathogen frequently 
associated with nosocomial infections in critically 
ill patients10,45. The majority of patients were in the 
age range of 5-70 years old, which simply points to 
the fact that age is a risk factor and probably due 
to the fact that there are other comorbidities linked 
with this age group. Also, the sources of sample 
isolation are in accordance with those of other re-
ports45,46 on the ability to cause multi-system infec-
tions in patients. In addition, in conformity with the 
ongoing scientific discussion on the public health 
problem attributed to drug resistance by A. bauman-
nii are the high levels of resistance profile displayed 
by the isolates in this study. 

Most of the isolates here were MDR/CRAB 
while others were MDR, XDR/CRAB, or PDR 
A. baumannii (PDR-AB) strains and appear to be 
similar to those of previous reports, hence on the 
rise globally47-49. Worthy of note is the high inci-
dence of resistance to carbapenem in this inves-
tigation. Carbapenem resistance by A. baumannii 

isolates in the region of this investigation has 
been reported extensively by researchers17,18,40, all 
of which highlight the threat posed by this bac-
terium in constituting unprecedented significant 
challenges to clinicians in the management of 
critically ill patients. 

The incidence rates of MDR/CRAB observed 
here are notably high and, in some cases, may 
even exceed those reported in other regions of 
the world50. Of the 177 A. baumannii isolates 
in this investigation, 162 (91.5%) of them were 
carbapenem resistant strains. This is contrary 
to the findings, which reported such strains to 
be in the range of between 1-30%51,52 in Europe 
while placing those reported in the USA at 36-
45%40. However, a greater than 85% average 
rate of resistance to carbapenem, as reported in 
Chain50, could simply point to significant geo-
graphical differences. Again, the consistency in 
resistance rates observed over the years could be 
an indication of a public health problem that is not 
abating yet, thus presenting clinicians with limit-
ed treatment options. It is worth noting that the 
Middle East, including the region of this study, is 
reportedly one of the hardest hit by infections of 
A. baumannii53, with travel from different regions 
of the world considered a contributory factor to 
antimicrobial resistance. There is also the case of 
A. baumannii intrinsically being resistant to some 
antibiotics, including penicillin, first and second 
generations of cephalosporins, and a wide range 
of other antimicrobials28. 

Figure 5. Describes resistance characteristics of A. baumannii isolates in relation to the number of antimicrobial categories 
and their distribution over year. Percentage antimicrobial resistance categories due to A. baumannii and periodic distribution 
display. MDR = multidrug resistance; CRAB = carbapenem resistant A. baumannii; XDR = extreme drug resistance; PDR = 
pan drug resistance; SS = susceptible strains.
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In this report, some isolates were seen to be 
sometimes sensitive to either one or two and at 
other times to three antibiotics, of which the most 
common were Tig and Cs. Previously, carbapen-
ems had been the preferred treatment drug for 
MDR A. baumannii54-56. However, the rise of CR-
AB stains has led to the use of polymyxins, thus 
suggesting that the isolates here could have been 
treated with Cs. The polymyxins had previously 
been avoided for use in the treatment of XDR A. 
baumannii infections due to their neurotoxicity 
side effects57. Besides, the Infectious Disease 
Society of America (IDSA 2023) (https://www.
idsociety.org/practice-guideline/amr-guidance/)
discourages the use of Cs in treating CRAB 
infections in patients, while some researchers 
suggested the use of Cs in combined thera-
pies56. Also, besides the toxicity of this last-line 
drug is the non-establishment of susceptible MIC 
breakpoints for both polymyxins and tigecycline, 
therefore suggesting ongoing work to sort this 
out. However, this will not stop the spread of 
resistance of A. baumannii to Cs as some isolates 
in this investigation were XDR and PDR A. bau-
mannii strains, with the PDR strain being resis-
tant to both Cs and Tig. Besides Cs, the isolates in 
this study were less resistant to the tetracyclines 
and tigecycline. Both of the antimicrobial agents 
are amongst those also recommended by IDSA 
for the management of CRAB infections. This is 
despite the fact that neither EUCAST, CLSI nor 
the US Food and Drug Administration (FDA) 
have provided breakpoints for tigecycline (CLSI 
2014)58. 

Both XDR and PDR A. baumannii (PDR-AB) 
have been reported by other researchers59-61. Gen-
erally, reports on PDR-AB are on the increase 
globally62, and as monotherapy is not an option 
for treating resultant infections, there are sugges-
tions for the management of affected patients63,64. 
The use of cefiderocol as a last resort has been 
proposed65. However, due to the high level of het-
ero-resistance of this drug with polymyxins, it is 
recommended to explore alternative approaches 
for managing PDR-AB infections in patients66,67.

The investigated A. baumannii isolates in this 
study displayed high phenotypic dissimilarities, 
revealing a wide range of different strains of this 
bacterium. The results are not unexpected due to 
the wide diffusion of A. baumannii, described as 
having an unrivaled adaptive nature in the acqui-
sition of resistance markers68. The bacterium rap-
idly develops resistance to antimicrobials through 
several resistance mechanisms28. 

The results regarding the distribution of an-
timicrobial resistance over the years answer the 
question about any trends. MDR/CRAB were 
seen to remain consistently more than other resis-
tance types throughout the period of observation. 
However, while there were no XDR nor PDR 
amongst the 2013-2014 isolates, XDR/CRAB 
were encountered in the 2016-2018 isolates. Also, 
while there was a percentage reduction in MDR/
CRAB phenotypes among the 2019-2020 isolates, 
both PDRAB and XDR/CRAB were more in this 
period as compared to preceding years. These 
findings in the present report are similar to those 
of a recent report69. These findings align with 
reports indicating the increasing spread of anti-
microbial resistance and the looming threat of a 
post-antibiotic era39.

In this study, the diversity in resistance to 
antimicrobials by A. baumannii isolates shows 
that this opportunistic pathogen remains a public 
health threat, with an urgent need for new drugs 
and more infection control measures to mitigate 
the spread of CRAB in clinical settings. There is 
a need for improvements on existing therapeutics 
such as tigecycline and colistin with clearly de-
fined measures for combined therapeutic proce-
dures as the abating of the discussion of MDR A. 
baumannii is yet in sight. 

Conclusions

The current study highlights that A. bauman-
nii clinical isolates exhibited a diverse range of 
antimicrobial resistance, regardless of the sample 
source. This investigation also confirms that age 
might be a risk factor. The study shows a clear 
periodic trend in A. baumannii isolates changing 
resistance patterns from MDR to XDR and then 
to pandrug resistance over the study period. Also, 
it indicates that carbapenems might no longer be 
a treatment choice for A. baumannii infections 
in this study region. Although colistin exhibited 
less resistance, the toxicity of the drug reduces its 
usefulness. Hence, the development of pandrug 
resistance is a grave concern. Since A. baumannii 
is an opportunistic pathogen, it remains a public 
health threat, with an urgent need for new drugs 
and more infection control measures to mitigate 
the spread of CRAB in clinical settings.
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