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Abstract 

Background  Acinetobacter baumannii is a major nosocomial pathogen capable of causing life-threatening infections. 
This bacterium is highly resistant to antibiotics and associated with high mortality rates. Therefore, this study aimed 
to evaluate A. baumannii’s susceptibility patterns to antimicrobials, assess the appropriateness of the initiated antimi‑
crobial therapy, determine the mortality rate, and identify predictors associated with mortality.

Methods  A retrospective observational study was conducted among patients infected with A. baumannii at a uni‑
versity hospital in Lebanon through the revision of medical records. Kaplan–Meier survival analysis and log-rank tests 
were used to analyze time-to-mortality. Binary logistic regression was performed to identify predictors of mortality.

Results  The records of 188 patients were screened, and 111 patients with A. baumannii infection were enrolled. 
Almost all isolates were resistant to carbapenem, and 43% of the isolates were extensively-drug resistant. Almost half 
of the patients received initial inappropriate antimicrobial therapy (n = 50, 45.1%). The 30-day mortality rate associ‑
ated with A. baumannii infection was 71.2% (79/111). The time to mortality in patients who received inappropriate 
antimicrobial therapy (5.70 ± 1.07 days) was significantly shorter than in those who received appropriate antimicro‑
bial therapy (12.43 ± 1.01 days, P < 0.01). Binary logistic regression revealed that inappropriate antimicrobial therapy 
(adjusted odds ratio [AOR] = 16.22, 95% CI 2.68–9.97, P = 0.002), mechanical ventilation (AOR = 14.72, 95% CI 3.27–6.61, 
P < 0.001), and thrombocytopenia (AOR = 8.82, 95% CI 1.12–9.75, P = 0.003) were more likely associated with mortality.

Conclusions  A. baumannii exhibits an alarming mortality rate among infected patients. Thrombocytopenia, mechan‑
ical ventilation, and inappropriate antibiotic administration are associated with mortality in patients infected with A. 
baumannii. The prompt initiation of appropriate antimicrobial therapy, infection control measures, and effective stew‑
ardship program are crucial to reduce the incidence of A. baumannii and improve the treatment outcomes.
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Background
Acinetobacter baumannii is a gram-negative cocco-
bacillus that poses a significant public health threat, 
particularly among critically ill patients, and leads to 
life-threatening infections with poor prognosis and high 
mortality rate [1, 2]. Moreover, this bacterium has devel-
oped a remarkable resistance to a wide range of antibiot-
ics [3, 4].

Acinetobacter baumannii can cause a variety of infec-
tions, mostly involving the respiratory tract, especially 
ventilator-associated pneumonia and catheter-associated 
bacteremia [3]. Acinetobacter baumannii is an opportun-
istic pathogen that usually colonizes and survives in the 
respiratory airways, as it has a strong ability to adhere to 
epithelial cells in the respiratory tract and form biofilms, 
which makes it resistant to antimicrobials [4]. It is con-
sidered among the most common pathogens detected in 
sputum cultures and endotracheal aspirates among long-
term hospitalized patients [5]. Furthermore, A. bauman-
nii colonizes mechanical equipment including respiratory 
support equipment, suction devices, and feeding tubes, 
and it can easily spread through the vicinity of infected 
patients [6]. For this reason, the World Health Organiza-
tion (WHO) issued an updated guidance for cleaning and 
disinfecting respiratory equipment [7].

Acinetobacter baumannii isolates have been frequently 
found to possess multidrug resistance (MDR), extensive 
drug resistance (XDR), or even pandrug resistance (PDR) 
[8, 9]. This pathogen commonly causes nosocomial 
infections that are common among critically ill patients 
admitted to the intensive care unit and among immuno-
compromised patients [8, 10]. Infections associated with 
the acquaintance of this pathogen include urinary tract 
infections, wound infections, pneumonia, and bactere-
mia [11]. These infections result in a longer hospital stay 
and a higher risk of hospital death [12].

Nominated as a pathogen of "high priority" by the 
World Health Organization (WHO), A. baumannii 
exhibits unique patterns regarding pathogenesis, trans-
missibility, and mechanisms of resistance. Its exceptional 
ability to acquire resistance against commonly used hos-
pital antibiotics, coupled with its high survival rate and 
rapid spread within the hospital environment, makes 
it a formidable microorganism [11, 13]. A. baumannii 
belongs to the group of ESKAPE pathogens (Enterococcus 
faecium, Staphylococcus aureus, Klebsiella pneumoniae, 
A. baumannii, Pseudomonas aeruginosa, and Enterobac-
ter species), which includes microorganisms responsi-
ble for a significant proportion of nosocomial infections 
worldwide and possess the ability to evade the effects of 
antimicrobials [14, 15].

In the last three decades, A. baumannii has contrib-
uted to the high global morbidity and mortality rate, 

ranging between 26.5% and 91%, especially in immu-
nocompromised patients [16]. Recognizing the urgent 
need for new treatments, both the Centers for Disease 
Control and Prevention and the WHO have prioritized 
A. baumannii as a serious research target [17]. Global 
studies indicated that approximately 45% of all A. bau-
mannii isolates are considered multidrug-resistant, 
with the ration reaching 90% in the Middle East, Tur-
key, and Greece [18].

Despite the efforts to develop a national action plan 
against antimicrobial resistance (AMR) in Lebanon, 
alarming rates were reported compared with global 
standards. A previous study conducted in Lebanese 
hospitals between 2011 and 2013 revealed a concern-
ing prevalence of A. baumannii. The reported Acine-
tobacter spp susceptibility to piperacillin/tazobactam, 
cefepime, and imipenem was as low as 12.9%, 13.4%, 
and 17.6%, respectively [19]. The study also revealed 
that 17% of A. baumannii MDR was against colistin 
which is considered the last resort antibiotic against 
A. baumannii. In addition, a tertiary hospital in Leba-
non reported a prevalence rate of 81% for carbapenem-
resistant A. baumannii (CRAB) in 2018 [20]. A study 
conducted in a tertiary care hospital in Lebanon has 
revealed that the crude mortality rate associated with 
infections caused by A. baumannii was 63.5%, with 
70.3% of the deaths attributed to bacteremia. The same 
study indicated that prolonged hospital stays, steroid 
use, and antibiotic exposure appeared to influence the 
mortality of A. baumannii bacteremia [21].

The absence of a robust national surveillance program 
reporting the incidence of MDR organisms in Lebanon 
presents a significant challenge in identifying the local 
prevalence of AMR specific to A. baumannii. Com-
pounding this issue is the dearth of routine surveillance 
activities. Notably, certain regions and cities, includ-
ing the capital of South Lebanon, Sidon, are often over-
looked in studies. Furthermore, there is a notable scarcity 
of data concerning A. baumannii-associated mortality 
and its predictors. The emergence of resistance and the 
lack of novel antibiotics have led to the increased use of 
last-resort agents, which, if overprescribed, will further 
accelerate resistance rates. Therefore, to address this gap, 
our study aimed to (1) evaluate the antimicrobial suscep-
tibility patterns of A. baumannii, (2) assess the appro-
priateness of the antimicrobial therapy administered to 
patients with A. baumannii infections, and (3) identify 
the mortality rate and its associated risk factors. This 
would provide valuable insight into the current landscape 
of A. baumannii, pave the way for proactive interven-
tions, and generate population-specific data that are cru-
cial for guiding the selection of empirical antimicrobial 
treatment in patients with nosocomial infections.
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Methods
Study design and setting
This retrospective observational cross-sectional study 
was conducted among adult hospitalized patients (≥ 18 
years old) who tested positive for A. baumannii isolates, 
over a 12-month period, from January 2021 to December 
2021. The study was carried out at a university tertiary 
care hospital in Sidon, the capital of South Lebanon. This 
hospital is the largest in South Lebanon, with 325 beds, 
and admits approximately 14,000 patients annually.

Inclusion and exclusion criteria
The medical record of all isolates that grew A. bau-
mannii were reviewed. Inclusion criteria for the study 
included adult hospitalized patients (≥ 18 years old) who 
were infected with A. baumannii. Only the first epi-
sode of infection was retrieved for patients with multi-
ple episodes. Patients with incomplete medical records, 
incomplete susceptibility testing profiles, pathogen colo-
nization, poly-microbial infections, or those who were 
transferred out of the hospital within 48  h of infection 
acquisition were excluded. To exclude colonization, the 
review relied on documented clinical assessments and 
physicians’ progress notes, explicitly classifying A. bau-
mannii presence as colonization or infection. Patient-
recorded signs and symptoms, and initiated targeted 
antibiotics were also considered. The exclusion of poly-
microbial infections aimed to sharpen the focus on A. 
baumannii infections, ensuring the retrieval of specific 
information. For instance, it enables a detailed assess-
ment of the appropriateness of the initial antibiotics 
received and its impact on treatment outcomes. This 
approach ensures a more homogeneous study popula-
tion, reducing potential confounding factors associated 
with the presence of multiple pathogens.

Data were meticulously obtained through a thorough 
examination of patients’ medical records subsequent 
to their discharge or post-mortem events. Given the 
absence of direct interaction with the enrolled patients, 
anonymized data were efficiently gathered utilizing a 
secure online database (REDCap, Vanderbilt University, 
Nashville, TN, USA).

Antimicrobial susceptibility testing
Isolates were identified using biochemical gallery tests 
(API 20E; BioMérieux, Marcy l’Etoile, France). Antimi-
crobial susceptibility testing (AST), using Kirby-Bauer 
disk diffusion method, was conducted in accordance to 
the Clinical and Laboratory Standards Institute (CLSI) 
guidelines. The results were interpreted according to the 
cutoff values set by the CLSI document [22]. Plates were 
read manually using a ruler, followed by automatic read-
ing using the ADAGIO system (Bio-Rad Laboratories, 

Hercules, CA, USA); an automated zone size reader for 
antimicrobial disk susceptibility tests. This system, func-
tioning as both an imaging device and management soft-
ware, automatically identifies antibiotic disks on the agar 
and measures the diameters of the surrounding inhibi-
tion zone [23]. The susceptibility of A. baumannii isolates 
to colistin was determined through the disk diffusion 
method, with a breakpoint set at a diameter of 11 mm.

Data collection form development and structure
The data collection form was developed following an 
extensive literature review of relevant published stud-
ies [24–30]. The form comprised seven main sections 
consisting of closed-ended questions with pre-specified 
options. The first section aimed to gather patients’ socio-
demographic information including age, sex, admission 
date, total duration of hospitalization, department of 
admission, site of infection acquisition, and the admitting 
diagnosis. In the second section, potential risk factors for 
mortality-associated infections were identified. These 
factors such included comorbid medical conditions, pre-
vious colonization, recent hospitalization within the past 
three months, antimicrobial use within the past three 
months, corticosteroid and immunosuppressant use, and 
invasive medical procedures performed prior to infection 
acquisition.

The third section focused on determining the pri-
mary site and the onset of infection along with the type 
of specimen collected. The fourth section was dedi-
cated to identifying the empirical antibiotic therapy and 
assessing its appropriateness. This included the date of 
empirical treatment initiation in relation to the onset of 
infection, the specific antibiotic administered, the route 
of administration, dosage, and duration of therapy. Sub-
sequently, the appropriateness of the received empirical 
therapy was evaluated based on prompt initiation, iso-
lated pathogen susceptibility to the initiated antibiotics, 
adequate duration, proper dosage, and appropriate route 
of administration.

The fifth section obtained the antibiogram of the iso-
lated pathogen including its susceptibility to various 
antimicrobial agents through laboratory testing. This 
information contributed to the classification of antimi-
crobial resistance specifically identifying whether the 
A. baumannii strain was Multi-Drug Resistant (MDR), 
Extensively Drug-Resistant (XDR), or Pan-Drug Resistant 
(PDR), as defined in the Operational Definitions section.

The sixth section focused on identifying whether 
empirical therapy was de-escalated after obtaining the 
culture results, along with recording the date of de-esca-
lation. It also identified the specific antibiotic adminis-
tered as definitive antimicrobial therapy, including its 
dose and route of administration. Finally, the seventh 
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section identified treatment outcomes including the 
30-day mortality following the onset of infection.

Validity and reliability
The data collection form underwent a thorough review of 
face and content validity by an expert panel in the field. 
Three experts specialized in epidemiology, clinical phar-
macy, and infectious diseases were selected to evaluate 
the clarity, understandability, and organization of the 
constructed form. To determine the content validity, the 
Item-Objective Congruence (IOC) index was applied. 
The experts were instructed to assign scores to each item 
based on the IOC scoring method, where 1 indicated 
that the expert was confident that the item measured 
the intended attribute, 0 indicated that the expert was 
uncertain about the item’s ability to measure the attrib-
ute, and -1 indicated that the expert believed the item did 
not measure the attribute. The qualified items yielded an 
IOC score of 0.81, thus the form had acceptable content 
validity.

Moreover, a pilot test was conducted on 10 medical 
records using a convenience approach to assess the feasi-
bility, practicality, suitability, and quality of the form. The 
data collected during the pilot test was included in the 
final analysis.

Ethical considerations
The study was designed and conducted in accordance 
with the guidelines outlined in the World Medical Asso-
ciation Declaration of Helsinki [31]. The Institutional 
Review Board (IRB) of the assigned hospital granted 
approval for the study’s protocol (No. #01-22). To safe-
guard patients’ privacy and confidentiality, their medical 
records were anonymized and de-identified. The research 
team maintained no direct contact or follow-up with the 
patients. Given the retrospective observational nature of 
the study, where data collection occurred after patients’ 
discharge or death, and given that no patient identifiers 
were accessed, the IRB waived the need for informed 
consent.

Statistical analysis
Data were analyzed using the IBM Statistical Package 
for the Social Sciences (SPSS®) software version 24. The 
descriptive data were presented using frequencies and 
percentages for categorical variables, and mean with 
standard deviation for continuous variables. Continuous 
variables were tested for normality using Shapiro–Wilk 
tests before statistical comparisons. Time-to-mortality 
was analyzed using Kaplan–Meier survival analysis and 
log-rank test. Univariate analysis was performed to test 
the associations between mortality and independent 
categorical variables using Pearson’s chi-square test (χ2). 

Variables with p-value < 0.2 in the univariate analysis 
were considered for inclusion in logistic regression model 
in the multivariable analysis using a backward selection 
process. Adjusted odds ratio (AOR) was then calculated. 
Results with a p-value ≤ 0.05 and a 95% confidence inter-
val were considered significant.

Operational definitions
Carbapenem-resistant A. baumannii (CRAB): refers to A. 
baumannii isolates that are resistant to either imipenem 
or meropenem [29].

Carbapenem-susceptible A. baumannii (CSAB): refers 
to A. baumannii isolates that are sensitive to both imipe-
nem and meropenem [29].

Chronic kidney disease: is defined as an estimated 
glomerular filtration rate (eGFR) of less than 60  mL/
min/1.73 m2 for at least 3 months prior to admission [27].

Extensively-drug resistant A. baumannii (XDRAB): 
refers to A. baumannii isolates that are only sensitive to 
colistin and/or tigecycline [28].

Hospital-acquired infection: also known as nosocomial 
infection, is defined as an infection in which onset of 
signs and symptoms occurs 48 h after hospital admission 
[32].

Immunosuppressive therapy: was defined as receipt of 
cytotoxic agents within 6 weeks, corticosteroids at a dos-
age ≥ 10  mg of prednisolone daily for more than 5  days 
within 4  weeks, or other immunosuppressive agents 
within 2 weeks prior to the onset of infection [27].

Initial appropriate antimicrobial therapy: is defined 
as the administration ≥ 1 antimicrobial agents, to which 
the causative pathogen was susceptible according to the 
susceptibility tests, within 48 h of onset of infection. The 
therapy should be administered using an approved route 
and dosage regimen appropriate for end-organ function. 
Antimicrobial therapy that does not meet this definition 
is considered inappropriate [27].

Length of stay (LOS) prior to event: refers to the dura-
tion of hospitalization before the onset of infection [33].

Multi-drug resistant A. baumannii (MDRAB): refers to 
the resistance of A. baumannii to three or more classes of 
antimicrobials, including antipseudomonal cephalospor-
ins, antipseudomonal carbapenems, ampicillin-sulbac-
tam, fluoroquinolones, and aminoglycosides [28].

Non-XDR: includes non-multidrug resistant (non-
MDR) and multidrug resistant (MDR) A. baumannii 
isolates.

Onset of infection: defined as the day when the culture, 
which eventually grew A. baumannii, was obtained [26].

Pandrug resistant A. baumannii (PDRAB): refers to 
A. baumannii isolates that demonstrate resistance to all 
available antibiotics [28].
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Previous antibiotic therapy: is defined as receiving 
any systemic antibiotic for a minimum of 72 h within a 
3-month period prior to the onset of infection [27].

Recent surgery: is defined as a medical operation per-
formed within 4  weeks prior to the onset of infection 
[27].

The main outcome of the study: is the all-cause 30-day 
mortality following the onset of infection [30].

Time-to-mortality: is defined as the duration between 
the onset of infection and the occurrence of death [30].

Results
Screened and enrolled cases
The total number of screened cases with positive A. 
baumannii bacteriologic specimens was 188. Of these, 
77 cases were excluded based on the following criteria: 
patients < 18 years (n = 14), patients with community-
acquired A. baumannii infection (n = 19), patients with 
poly-microbial infections (n = 24), patients ‏discharged 
within 48 h of infection acquisition (n = 8), and patients 

with ‏incomplete medical records (n = 12). Hence a 
total of 111 patients with ‏A. baumannii infection were 
included in this study. However, only 105 cases were 
included in the final analysis of the treatment outcome 
and the 30-day mortality because six patients failed to 
show up during the follow-up period (Fig. 1).

Patient characteristics
Table  1 shows the characteristics and risk factors for 
mortality associated with A. baumannii infection for 
the 111 included patients, whose ages ranged from 23 
to 97 years with around 62% of them being males. Most 
infections (≈ 77%) were acquired in the ICU and the 
highest rate of infection (≈ 44%) was reported during the 
winter. Most patients (105, 94.6%) were suffering from at 
least one underlying medical condition with hyperten-
sion being the most common of which (≈ 65%). Previous 
hospitalization, in addition to the use of antibiotics, glu-
cocorticoids, and chemotherapy before the A. baumannii 

Fig. 1  Selection, inclusion, and exclusion of cases of A. baumannii infection, and relevant analysis
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infection were reported by around 11%, 13%, 12%, and 
9% of the cases, respectively.

The mean duration of hospitalization, including the 
period prior to the infection acquisition (12.23 ± 8.25), 
was 22.4 ± 16.3 days, ranging from 5 to 47 days. Around 
94% of patients underwent invasive medical procedures 
within 30  days prior to infection acquisition, where 
mechanical ventilation was the highest reported proce-
dure (≈ 70%).

Microbiological characteristics of the A. baumannii isolates
The A. baumannii isolates were derived from specimens 
of deep tracheal aspirates (57, 51.4%), sputum (27, 24.3%), 
skin wound/exudates (15, 13.5%), blood (11, 9.9%), and 
urine (1, 0.9%). The main source of infection was the res-
piratory tract (89, 80.2%), followed by the soft and skin 
tissues (15, 13.5%), the bloodstream (6, 5.4%), and the 
urinary tract (1, 0.9%).
 All isolates were sensitive to colistin and tigecycline‏

while most of them (≈ 96%) were resistant to ampicillin/
sulbactam and aztreonam, as seen in Table 2. Among the 
111 cases, 59 (53.2%) were multidrug resistant (MDR), 48 
(43.2%) were extensively drug resistant (XDR), and only 4 
cases (3.6%) were non-MDR. Notably, none of the cases 
were pan-drug resistant (PDR). However, most cases 
(105, 94.6%) were carbapenem-resistant A. baumannii 
(CRAB).

Assessment of antimicrobial therapy appropriateness
Out of the 111 included patients, 47 (42.3%) received a 
combination of empirical antimicrobial therapy while the 
rest were initiated on monotherapy as seen in Table  3. 
Meropenem was the most received antibiotic (64, 57.6%) 
while ceftazidime was the least (5, 4.5%). Almost half of 
the patients (n = 50, 45.1%) out of the total 111 received 

Table 1  Patient characteristics and potential risk factors for 
mortality associated with A. baumannii infections (N = 111)

Information n (%)

Sex

Male 69 (62.2)

Female 42 (37.8)

Age (years)

 < 45 10 (9)

45–54 6 (5.4)

55–64 27 (24.3)

65–74 20 (18)

 ≥ 75 48 (43.2)

Mean ± standard deviation: 68 ± 16

Range: 23–97

Department of infection acquisition

Intensive care unit 85 (76.6)

Internal medicine 13 (11.7)

Cardiac care unit 9 (8.1)

Surgery 3 (2.7)

Oncology 1 (0.9)

Season of infection acquisition

Winter 49 (44.1)

Spring 18 (16.2)

Summer 31 (27.9)

Fall 13 (11.7)

Potential pre-admission risk factors

Underlying medical conditionsa

Hypertension 72 (64.9)

Diabetes mellitus type II 63 (56.8)

Chronic kidney disease 37 (33.3)

Coronary artery disease 37 (33.3)

Neutropenia 33 (29.7)

Thrombocytopenia 30 (27)

Solid neoplasia 26 (23.4)

Dyslipidemia 22 (19.8)

Blood transfusion 22 (19.8)

Chronic obstructive lung disease 13 (11.7)

Cerebrovascular disease 12 (10.8)

Dementia 12 (10.8)

Congestive heart failure 10 (9)

Peripheral vascular disease 7 (6.3)

Epilepsy 3 (2.7)

Lymphoma 3 (2.7)

Leukemia 3 (2.7)

Peptic ulcer 3 (2.7)

Polytrauma 2 (1.8)

Solid organ transplant 1 (0.9)

HIV/AIDS 1 (0.9)

Hospitalization within the last three months 12 (10.8)

Use of antibiotics within the last three months 14 (12.6)

Use of glucocorticoids within the last four weeksb 13 (11.7)

Use of chemotherapy within the last three months 10 (9.1%)

a As multiple responses were recorded from certain patients, numbers do not 
add up to 111
b ≥ 10 mg of prednisolone daily for > 5 days within 4 weeks prior to the onset of 
infection (or an equivalent glucocorticoid and dosage)

Table 1  (continued)

Information n (%)

Potential post-admission risk factors

Length of hospital stay prior to infection acquisition (days)

Mean ± standard deviation: 12.23 ± 8.25

Invasive medical procedures within 30 days prior to infection acquisitiona

Mechanical ventilation 78 (70.3)

Indwelling urethral catheterization 73 (65.8)

Central venous line 58 (52.3)

Surgery 23 (20.7)

Prolonged total parenteral nutrition 23 (20.7)

Renal replacement therapy (dialysis) 20 (18)
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initially inappropriate antimicrobial therapy. Among them, 
6 patients (12% of the 50) experienced a delay in receiving 
the initial antibiotic therapy, administered after 48 h of the 
onset of infection. Additionally, 46 patients (92% of the 50) 
were initially prescribed antibiotics to which the causative 

pathogen was resistant based on susceptibility tests. Fur-
thermore, 3 patients (6% of the 50) received initial anti-
biotics with an inappropriate dosage regimen. However, 
all patients received the initial antimicrobial therapy with 
appropriate route of administration.

It is noteworthy that 24 patients (21.8%) died while 
receiving the empirical antimicrobial therapy. The survived 
87 patients were shifted to definitive antibiotic therapy, 
where most of them (80, 92%) were placed on colistin.

Infection prognosis and treatment outcomes
The following was observed among the 111 enrolled cases: 
sepsis/septic shock (61, 55%), renal failure (66, 59.5%), and/
or acute respiratory distress syndrome (35, 31.5%). Unfor-
tunately, 79 patients (71.2%) died within 30 days after infec-
tion acquisition (including the 24 who died during the 
empirical therapy).

Mortality associated with A. baumannii infection
Six patients (out of the enrolled 111) failed to show up dur-
ing the follow-up period since they left the hospital despite 
the medical advice. The 30-day, all-cause mortality rate of 
A. baumannii infection among the remaining 105 cases 
was 75.2% (79 patients). The mean time-to-mortality was 
9.06 ± 7.66 days (Fig. 2).

Comparison of survival of patients with A. baumannii 
infections according to the appropriateness 
of antimicrobial therapy
As shown in Fig. 3, the Kaplan–Meier survival curve in 
A. baumannii infections revealed a significantly shorter 

Table 2  In vitro antimicrobial susceptibility results for A. baumannii isolates (N = 111)

*A report was missing

Antibiotics Isolates (n) Resistant n (%) Sensitive n (%) Intermediate 
n (%)

Colistin 111 0 (0) 111 (100) 0 (0)

Tigecycline 111 0 (0) 111 (100) 0 (0)

Trimethoprim/sulfamethoxazole 111 52 (46.8) 57 (51.4) 2 (1.8)

Minocycline 111 97 (87.4) 10 (9) 4 (3.6)

Gentamicin 110* 100 (90.9) 10 (9.1) 0 (0)

Ciprofloxacin 111 104 (93.7) 7 (6.3) 0 (0)

Piperacillin/tazobactam 110* 104 (94.5) 6 (5.5) 0 (0)

Amikacin 111 105 (94.6) 6 (5.4) 0 (0)

Cefepime 111 105 (94.6) 6 (5.4) 0 (0)

Imipenem/cilastatin 111 105 (94.6) 6 (5.4) 0 (0)

Meropenem 111 105 (94.6) 6 (5.4) 0 (0)

Ceftazidime 111 106 (95.5) 4 (3.6) 1 (0.9)

Doxycycline 111 106 (96.4) 4 (3.6) 0 (0)

Ampicillin/sulbactam 111 107 (96.4) 4 (3.6) 0 (0)

Aztreonam 111 107 (96.4) 4 (3.6) 0 (0)

Table 3  Empirical and definitive antimicrobial therapy received

a As multiple responses were recorded, numbers do not add up to 111
b Cefepime, amikacin, ciprofloxacin, imipenem/cilastatin, ceftriaxone, 
clindamycin, and ampicillin/sulbactam
c Twenty-four patients out of the 111 died during the empirical therapy

Antimicrobial therapy n (%)

Empirical antimicrobial therapy (N = 111)a

Monotherapy vs combination therapy

Monotherapy 64 (57.6)

Combination 47 (42.3)

Empirical antimicrobial therapy initiated

Meropenem 64 (57.6)

Colistin 59 (53.1)

Vancomycin 27 (24.3)

Piperacillin/tazobactam 15 (13.5)

Levofloxacin 13 (11.7)

Teicoplanin 10 (9.2)

Ceftazidime 5 (4.5)

Othersb 7 (6.3)

Definitive antimicrobial therapy (N = 87)c

Colistin 80 (92)

Meropenem 4 (4.6)

Tigecycline 3 (3.4)
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time to mortality in patients who died after receiving 
inappropriate antimicrobial therapy than those who died 
after receiving appropriate antimicrobial therapy (46 and 
33 out of 79, respectively, log-rank test = 11.49, P = 0.001). 

The mean time to death for patients who received inap-
propriate antimicrobial therapy was 5.70 ± 1.07  days, 
whereas the mean time to death for patients who ‏received 
appropriate antimicrobial ‏therapy ‏was 12.43 ± 1.01  days 
(Table 4).

Comparison of survival between patients who died due 
to infection with XDR versus non‑XDR A. baumannii 
isolates
As mentioned above, 79 patients died within 30 days of 
acquiring the infection. The survival curve revealed a 
significantly shorter time to mortality in patients with 
XDR than those with non-XDR (includes non-multidrug 
resistant and multidrug resistant A. baumannii) isolates 
(log-rank test = 5.45, P = 0.002) (Fig.  4). The mean time 
to death in the former group was 7.2 ± 1.0 days compared 
with 10.7 ± 1.1 days in the latter group (Table 5).

Predictors of mortality in patients with A. baumannii 
infection
The univariate analysis has identified a significant asso-
ciation between antimicrobial resistance and mortality. 
XDR isolates were found to be significantly associated 
with a higher mortality rate compared with non-MDR 
and MDR isolates (unadjusted odds ratio [UOR] = 3.09, 
95% CI 1.12–8.51, P = 0.02) (Table  6). Binary logistic 
regression, using backward stepwise analysis, revealed 

Fig. 2  The Kaplan–Meier survival curve for patients with A. baumannii infection

Fig. 3  The Kaplan–Meier survival curves for patients with A. 
baumannii infection according to the appropriateness of the received 
antimicrobial therapy
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three predictors that were significantly associated 
with mortality in patients with A. baumannii infection 
(Table 7). Accordingly, inappropriate antimicrobial ther-
apy (adjusted odds ratio [AOR] = 16.22, 95% CI 2.68–
9.97, P = 0.002), mechanical ventilation (AOR = 14.72, 

95% CI 3.27–6.61, P < 0.001) and ‏thrombocytopenia 
(AOR = 8.82, 95% CI 1.12–9.75, P = 0.03) were more likely 
associated with mortality. However, the length of hospital 
stay prior to acquiring the infection was insignificantly 
related to mortality as revealed by Mann–Whitney U test 
(P = 0.06).

Discussion
The current study has revealed that the main site of A. 
baumannii infections was the lower respiratory tract. 
Similarly, a seven-year prospective cohort study between 
2007 and 2014 in a tertiary care hospital in Lebanon 
revealed that the common A. baumannii infections con-
sisted of respiratory infections (53.1%) [34]. In addition, 
the A. baumannii isolates obtained in this study were 
mainly MDR and XDR, with no recorded PDR isolates. 
This high antimicrobial resistance owes to the high levels 
of A. baumannii’s intrinsic resistance to antibiotics and 
its ability to easily acquire new resistance determinants, 
thus limiting treatment options for infected patients [35].

We found that 95% of A. baumannii strains obtained in 
this study were resistant to carbapenems (CRAB). Pre-
vious studies have shown that the incidence of CRAB 
in Lebanon ranged from 58 to 100% [20, 36–40]. The 
observed variation in CRAB rates across national stud-
ies might be attributed to potential methodological dif-
ferences, geographical influences, patient population 
characteristics, discrepancies in institutional antibiotics 

Table 4  Comparison of survival time between patients who died after receiving appropriate antimicrobial therapy and those who 
died after receiving inappropriate antimicrobial therapy

CI, Confidence interval; SD, standard deviation

*Statistically significant (P < 0.05)

Group 30-days mortality Mean survival time 
(days)

95% CI Log-rank X2 test P

n (%) Mean ± SD

Appropriate antimicrobial 
therapy (N = 56)

33 (41.8) 12.43 ± 1.01 10.45 ± 14.14 11.49 0.001*

Inappropriate antimicro‑
bial therapy (N = 49)

46 (58.2) 5.70 ± 1.07 3.6 ± 7.80

Fig. 4  The Kaplan–Meier survival curves for patients with extensively 
drug resistant (XDR) and non-XDR A. baumannii infection

Table 5  Comparison of survival time between patients infected with XDR and non-XDR A. baumannii isolates

CI, Confidence interval; SD, standard deviation; XDR, extensively drug resistant
a Includes non-multidrug resistant and multidrug resistant A. baumannii isolates

*Statistically significant (P < 0.05)

Group 30-days mortality Mean survival time 
(days)

95% CI Log-rank X2 test P

n (%) Mean ± SD

Non-XDRa (N = 61) 41 (51.8) 10.7 ± 1.1 8.5 ± 12.8 5.45 0.02*

XDR (N = 44) 38 (48.1) 7.2 ± 1.0 5.0 ± 9.2
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Table 6  Univariate analysis of predictors associated with mortality in patients with A. baumannii infection (N = 105)a

Characteristics n (%)b 30-Days all-cause mortality UOR (95% CI) Pearson’s X2 Pd

Survived (26) n (%)c Died (79) n (%)c

Age group (reference: 55–64 years)

 < 45 9 (8.6) 5 (55.6) 4 (44.4) 0.45 (0.10–2.12) 10.40 0.04e,f

 45–54 5 (4.8) 0 (0) 5 (100) –

 55–64 25 (23.8) 9 (36) 16 (64) –

 65–74 19 (18.1) 5 (26.3) 14 (73.7) 1.58 (0.43–5.82)

 ≥ 75 47 (44.8) 7 (14.9) 40 (85.1) 3.21 (1.05–10.10)

Sex (reference: female)

 Male 63 (60) 15 (23.8) 48 (76.2) 1.14 (0.46–2.79) 0.07 0.47

 Female 42 (40) 11 (26.2) 31 (73.8) –

Department of infection acquisition (reference: internal medicine)

 Intensive care unit 83 (79) 11 (13.3) 72 (86.7) 8.18 (1.90–35.23) 33.26 < 0.001e,g

 Internal medicine 9 (8.6) 5 (55.6) 4 (44.4) –

 Cardiac care unit 10 (9.5) 8 (80) 2 (20) –

 Surgery 1 (1) 0 (0) 1 (100) –

 Oncology 2 (1.9) 2 (100) 0 (0) –

Past medical history (reference: no history of the related condition)

 Hypertension 68 (64.8) 16 (23.5) 52 (76.5) 1.20 (0.48–3.01) 0.157 0.69

 Diabetes mellitus 61 (58.1) 16 (26.2) 45 (73.8) 0.83 (0.33–2.05) 0.168 0.68

 Neutropenia 32 (30.5) 5 (15.6) 27 (84.4) 2.18 (0.74–6.42) 2.06 0.15

 Thrombocytopenia 30 (28.6) 2 (6.7) 28 (93.3) 6.59 (1.45–29.95) 7.38 < 0.001e

 Chronic kidney disease 36 (34.3) 6 (16.7) 30 (83.3) 2.04 (0.74–5.66) 1.92 0.17

 Coronary artery disease 33 (31.4) 9 (27.3) 24 (72.7) 0.82 (0.32–2.11) 0.163 0.69

Previous hospitalization within the last 3 months (reference: no)

 No 94 (89.5) 23 (24.5) 71 (75.5) – 0.042 0.83

 Yes 11 (10.5) 3 (27.3) 8 (72.7) 0.86 (0.21–3.53)

Previous antibiotics use within the last 3 months (reference: no)

 No 93 (88.6) 24 (25.8) 69 (74.2) – 0.477 0.49

 Yes 12 (11.4) 2 (16.7) 10 (83.3) 1.74 (0.36–8.51)

Invasive procedures within 30 days prior to infection acquisition (reference: no)

 No 7 (6.7) 4 (57.1) 3 (42.9) – 4.22 0.04e

 Yes 98 (93.3) 22 (22.4) 76 (77.6) 4.61 (0.96–22.15)

Mechanical ventilation (reference: no)

 No 28 (26.7) 18 (64.3) 10 (35.7) – 32.01  < 0.001e

 Yes 77 (73.3) 8 (10.4) 69 (89.6) 15.53 (5.35–45.02)

Indwelling urethral catheterization (reference: no)

 No 32 (30.5) 9 (28.1) 23 (71.9) – 0.27 0.59

 Yes 73 (69.5) 17 (23.3) 56 (76.7) 1.29 (0.5–3.31)

Central venous line (reference: no)

 No 47 (44.8) 19 (40.4) 28 (59.6) – 11.20 0.001e

 Yes 58 (55.2) 7 (12.1) 51 (87.9) 4.94 (1.85–13.19)

Major surgery (reference: no)

 No 86 (81.9) 14 (16.3) 72 (83.7) – 18.35 0.22

 Yes 19 (18.1) 12 (63.2) 7 (36.8) 0.11 (0.04–0.34)

Prolonged total parenteral nutrition (reference: no)

 No 82 (78.1) 22 (26.8) 60 (73.2) – 0.85 0.35

 Yes 23 (21.9) 4 (17.4) 19 (82.6) 1.74 (0.53–5.69)

Renal replacement therapy (dialysis) (reference: no)

 No 85 (81) 24 (28.2) 61 (71.8) – 2.89 0.08
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prescribing practices, and fluctuations in resistance 
patterns over time. Therefore, standardizing surveil-
lance methodologies and emphasizing consistent data 
reporting practices are essential for a comprehensive 
understanding and effective management of the com-
plex factors contributing to CRAB resistance patterns at 

a national level. Jordan and Iraq, near Levant countries 
with low-to-middle income, recorded high rates of CRAB 
isolates ranging from 84 to 99.2% [41–43]. This is con-
gruent with the results of a multinational clinical trial 
conducted among three European countries (Greece, 
Spain, and Italy), where 97% of the isolates (all except 

CRAB, Carbapenem-resistance Acinetobacter baumannii; CSAB, Carbapenem-sensitive Acinetobacter baumannii; SD; standard deviation; UOR, unadjusted odds ratio; 
XDR, extensively drug resistant
a Six patients (out of the 111) who failed to show up during the follow-up period were excluded
b Percentages for the column
c Percentages for the row
d Univariate analysis was conducted to test the associations between variables with mortality
e Statistically significant (P < 0.05)
f The only significant difference was observed between the age group ≥ 75 and all other groups
g The only significant difference was observed between the intensive care unit and all other groups
h Includes non-multidrug resistant and multidrug resistant A. baumannii isolates

Table 6  (continued)

Characteristics n (%)b 30-Days all-cause mortality UOR (95% CI) Pearson’s X2 Pd

Survived (26) n (%)c Died (79) n (%)c

 Yes 20 (19) 2 (10) 18 (90) 3.54 (0.76–16.44)

Source of infection (reference: soft tissue/wound infection)

 Respiratory infection 86 (81.9) 14 (16.3) 72 (83.7) 8.23 (2.34–28.88) 19.13 < 0.001e

 Soft tissue/wound infection 13 (12.4) 8 (61.5) 5 (38.5) –

 Blood stream infection 5 (4.8) 3 (60) 2 (40) 1.07 (0.13–8.79)

 Urinary tract infection 1 (1) 0 (0) 1 (100) –

Type of antimicrobial resistance (references: non-XDR and CSAB)

Non-XDR versus XDR

 Non-XDRh 61 (58.1) 20 (32.8) 41 (67.2) – 5.03 0.02e

 XDR 44 (41.9) 6 (13.6) 38 (86.4) 3.09 (1.12–8.51)

CSAB versus CRAB

 CSAB 6 (5.7) 6 (100) 0 (0) – 19.33 < 0.001e

 CRAB 99 (94.3) 20 (20.2) 79 (79.8) –

Appropriateness of the antimicrobial therapy (reference: appropriate)

 Appropriate 56 (53.3) 23 (41.1) 33 (58.9) – 17.13 < 0.001e

 Inappropriate 49 (46.7) 3 (6.1) 46 (93.9) 10.69 (2.96–38.57)

Table 7  Logistic regression analysisa of the significant predictors associated with mortality in patients with A. baumannii infection

AOR, adjusted odds ratio; B, coefficient for the constant in the null model; CI, confidence interval; SE, standard error; UOR, unadjusted odds ratio; Wald, Wald chi-
square test that tests the null hypothesis
a Binary logistic regression using backward stepwise analysis
b Statistically significant (P < 0.05)

Predictors UOR B SE Wald AOR 95% CI P

Constant − 1.735 0.70 6.07 0.17 0.01

Appropriateness of the antimicrobial therapy (reference: appropriate)

 Inappropriate 10.69 2.78 0.91 9.22 16.22 2.68–9.97 0.002b

Mechanical ventilation (reference: no)

 Yes 15.53 2.68 0.76 12.29 14.72 3.27–6.61 < 0.001b

Thrombocytopenia (reference: no)

 Yes 6.59 2.34 1.13 4.25 8.82 1.12–9.75 0.03b
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two) were resistant to imipenem [35]. CRAB has been 
reported worldwide and has become a serious health 
problem due to the limited treatment options [44, 45]. 
Although carbapenem consumption has been linked to 
an increase in A. baumannii resistance rates [46], math-
ematical models, however, have outlined the possible 
impact of reducing carbapenem consumption on resist-
ance acquisition among microbes, including CRAB [47]. 
A study at a Lebanese tertiary care hospital examined the 
genetic relatedness of CRAB strains amid a suspected 
outbreak, utilizing real-time polymerase chain reaction 
(PCR), pulsed-field gel electrophoresis, and multilocus 
sequence typing analyses. The investigation revealed 
multiple clones with blaOXA-23, with one also carry-
ing blaNDM-1. Despite the endemic presence of various 
clones, the hospital effectively implemented infection 
prevention and control measures, resulting in the eradi-
cation of the outbreak of OXA-23 producing ST2 CRAB 
[40].

Lately, colistin is considered the main and salvage ther-
apy for nosocomial infections caused by CRAB [48, 49]. 
Fortunately, all isolates obtained in this study were sus-
ceptible to colistin. In support of our findings, a recent 
review article that identified 40 studies investigating the 
incidence of antimicrobial resistance in Lebanon, within 
a 5  years’ interval from 2015 to 2020, reported that 
the overall A. baumannii susceptibility to colistin was 
99–100% [50]. However, an earlier nationwide surveil-
lance of antimicrobial resistance conducted among 16 
Lebanese hospitals between 2011 and 2013, reported that 
A. baumannii resistance to colistin was 17% [19]. This 
discrepancy reflects the trend of A. baumannii resist-
ance indicating a decreased rate of resistance to colistin. 
Conversely, a recent ‏bibliometric analysis investigating 
the global trends of colistin resistance reported a signifi-
cant growth of colistin ‏resistance in the past decade [51]. 
There is an urgent need for implementing a ‏perspicacious 
strategy to contain this threat because colistin is the last 
line of defense and because the ‏emergence of colistin 
resistance will head us to a post-antibiotic era, in which 
common ‏infections might be lethal. It is essential to note 
that the rate of resistance to colistin in Lebanon cannot 
be directly compared with international resistance rate, 
as the observed variation may be attributed to the utili-
zation of the disk diffusion test instead of the minimum 
inhibitory concentration (MIC) determination via broth 
dilution, as recommended by the Clinical and Laboratory 
Standards Institute (CLSI) and the European Commit-
tee on Antimicrobial Susceptibility Testing (EUCAST). 
The use of disk diffusion test for colistin may not yield as 
accurate results as the MIC determination method, par-
ticularly for colistin. Therefore, adopting the EUCAST 
and CLSI-recommended MIC determination method is 

crucial to ensure more accurate, reliable, and comparable 
results in assessing colistin susceptibility [23, 52, 53].

Controlling the spread of A. baumannii resistance 
in Lebanon requires a multifaceted approach. Numer-
ous evidence-based interventions have been established 
to address the ubiquitous threat of MDRAB infections. 
Antimicrobial stewardship programs (ASPs) have been 
established to control the misuse and overuse of antibi-
otics, which can limit the pressure that drives the emer-
gence and spread of A. baumannii resistant strains [54, 
55]. The ASPs have resulted in noticeable decreases in 
CRAB infection rates [54, 55]. To prevent the wide dis-
semination of MDRAB among healthcare personnel and 
patients, the implementation of strict infection control 
protocols is essential. However, in Lebanon, this is chal-
lenging due to staff shortages [54]. One approach to limit 
transmission is through staff cohorting, which involves 
assigning specific healthcare personnel to care only for 
patients infected or colonized with a single target patho-
gen [56].

In 2019, the Lebanese Ministry of Public Health, with 
the assistance of the WHO, organized a national action 
plan to tackle MDR organisms aiming to optimize antibi-
otic use by implementing ASPs [55]. However, additional 
initiatives are required to achieve effective results. For 
instance, a study conducted at a tertiary care center in 
Lebanon between 2018 and 2020 demonstrated that the 
implementation of ASPs with carbapenem-sparing strat-
egies and infection control interventions resulted in a sig-
nificant drop in CRAB resistance rates from 82% in 2019 
to 63% in 2020 [57]. These findings highlight the potential 
benefits of replicating such interventions in other hospi-
tals struggling with high rates of CRAB infections.

This study also revealed an alarmingly high mortality 
rate of 72%. Our finding is consistent with the mortal-
ity rate reported by other national studies, which ranged 
from 52 to 70% [34, 58]. However, the worldwide mor-
tality rate of patients with A. baumannii infection ranged 
between 26 and 60% [59–65]. The higher mortality rate in 
Lebanon, compared to other countries, could be attrib-
uted to several factors. The current study and other 
national studies have detected all-cause mortality, rather 
than mortality specifically attributed to the infection. 
Other possible contributing factors to the high mortality 
rate include the patient’s underlying medical illness, anti-
microbial resistance, and treatment appropriateness.

Numerous risk factors have been investigated as poten-
tial predictors of mortality in patients infected with A. 
baumannii. This study revealed that antimicrobial resist-
ance, inappropriate antimicrobial treatment, throm-
bocytopenia, and invasive mechanical ventilation are 
significantly associated with a higher mortality rate. The 
univariate analysis showed that the XDR isolates were 
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significantly associated with higher mortality compared 
to non-MDR and MDR isolates. Nevertheless, the asso-
ciation between mortality and drug resistance in A. bau-
mannii infections is still controversial [66, 67]. While 
some studies suggest that resistance to antimicrobi-
als by A. baumannii may lower survival rates due to its 
enhanced virulence or delays in initiating effective treat-
ments, others have reported conflicting findings [68–70].

The current study documented a high rate of inap-
propriate initiation of antimicrobial therapy, which was 
significantly associated with increased mortality rates. 
This finding is consistent with previous studies that have 
shown the negative impact of inappropriate antimicro-
bial therapy use in A. baumannii infections on patient 
survival. This becomes more evident with patients who 
receive inappropriate empirical antimicrobial therapy 
resulting in higher mortality rate compared to those who 
receive appropriate treatment [59, 70, 71]. Therefore, 
early initiation of appropriate antibiotic therapy is cru-
cial for saving lives. To ensure optimal patient outcomes, 
healthcare providers should judiciously choose antibiot-
ics for nosocomial infections, considering factors such 
as patient’s clinical manifestation, source of infection, 
commonly associated MDR organisms, severity of ill-
ness, patient’s risk factors, and local resistance patterns. 
Annual surveillance is necessary to monitor A. bauman-
nii infections and identify the new resistance patterns, 
which can help guide treatment decisions and identify 
trends of resistance. Additionally, it is important to con-
sider the “five rights” when administering antimicrobial 
therapy to patients, which include the right patient, right 
medication, right dose, right route of administration, and 
right time. Moreover, it is recommended to implement 
appropriate de-escalation upon receipt of culture results 
[72].

The appropriate treatment of MDRAB remains a topic 
of debate despite its proven impact on mortality rates. 
Colistin and tigecycline are the only available options for 
A. baumannii treatment, despite of their nephrotoxic and 
neurotoxic profiles [73]. Limited evidence exists regard-
ing the efficacy of combination therapy versus mono-
therapy, and there is a lack of a clear standard antibiotic 
regimen for the treatment of CRAB infections due to 
inadequate comparative effectiveness studies [73, 74]. 
A single active agent may be sufficient for mild CRAB 
infections but combination therapy with at least two 
agents is suggested for moderate to severe infections due 
to limited clinical data on the effectiveness of any single 
antibiotic agent [74].

Although a retrospective cohort study conducted 
between 2015 and 2017 showed that a combined treat-
ment of colistin plus meropenem had better clinical and 
microbiological responses [75], a randomized controlled 

trial in 2018 argued against the superiority of combina-
tion therapy [76]. Currently, intravenous colistin is the 
only remaining therapeutic option while there is no solid 
evidence on the use of inhaled colistin in the manage-
ment of pneumonia [77]. Tigecycline is recommended 
for the treatment of CRAB but its use is limited, particu-
larly after the FDA issued a black box warning due to its 
association with higher mortality in ventilator-associ-
ated pneumonia (VAP) [78]. This was supported by the 
guidelines of the Infectious Diseases Society of America 
and the American Thoracic Society in 2016, which were 
against the use of tigecycline due to its decreased thera-
peutic efficacy in VAP and increased mortality rates com-
pared with colistin-containing regimens [79].

Mechanical ventilation has been found to be strongly 
associated with mortality in patients infected with A. 
baumannii. This finding is consistent with several stud-
ies that have identified mechanical ventilation as a sig-
nificant predictor of A. baumannii-related mortality 
[80–82]. For instance, a retrospective study conducted in 
a China reported that patients infected with A. bauman-
nii who received invasive mechanical ventilation had a 
ninefold increase in the odds of mortality [82]. There are 
several possible explanations for this association includ-
ing the severity of illness, the need for mechanical venti-
lation, cross-transmission and invasiveness of pathogens, 
and the potential complications associated with ventila-
tion, which can compromise the host’s normal defense 
barriers and potentially affect the disease prognosis 
[80–82].

Thrombocytopenia has also been identified as a sig-
nificant predictor associated with mortality in patients 
infected with A. baumannii. Consonantly, several studies 
have reported a significant association between throm-
bocytopenia and mortality in infected patients [81, 83, 
84]. A recent six-year study conducted in China found 
that thrombocyte count < 50 × 109/L has increased the 
risk of 30-day mortality in infected patients by 9-folds 
(AOR = 8.72, 95% CI 1.93–39.3, P < 0.001) [85]. Similarly, 
a retrospective study in an Indian tertiary hospital also 
reported a significant association between low platelets 
of less than 1.5 lacs/mm3 and mortality in patients with 
A. baumannii bacteremia (AOR = 3.77, 95% CI 0.85–
16.57, P = 0.04) [83]. Thrombocytopenia indicates the 
severity of the infection and suggests a poor prognosis as 
low platelet counts weaken the patient’s immunity, hinder 
pathogen capture, and inhibit inflammatory cytokines 
[84]. Nonetheless, the exact association of thrombocyto-
penia with mortality is not fully understood. It is thought 
that thrombocytopenia may be a marker of severe illness 
and systemic inflammation and may contribute to the 
development of sepsis, disseminated intravascular coag-
ulation, and multi-organ damage [81, 83–85]. Thus‏ ,‏it is 
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essential to monitor platelet counts in infected patients 
to identify disease prognosis and ‏provide appropriate 
management.

Study limitations
This study has several limitations that should be noted. 
First, the study’s retrospective nature, coupled with the 
absence of a control group, has constrained our capacity 
to control potential confounding variables and hindered 
the verification of predictors of mortality attributed to A. 
baumannii infections. Second, the study’s single-center 
design and relatively small sample size may limit the gen-
eralizability of the findings, potentially not reflecting the 
practices and susceptibility patterns of A. baumannii in 
Lebanese hospitals. Third, sole outcome investigated was 
the 30-day all-cause mortality, which may not be directly 
attributable to the A. baumannii infection. Finally, critical 
data, including the admitting diagnosis, laboratory find-
ings, the severity of illness, follow-up culture results, and 
clinical response to treatment based on symptoms and 
signs monitoring, were not retrieved from the patients’ 
medical records. The absence of this information could 
potentially impact the depth of our analysis and limit 
our ability to establish causality. Therefore, a prospective 
multicenter longitudinal study with standardized meas-
urements is needed to generate robust evidence.

Conclusions
Carbapenem-resistant A. baumannii infections are 
highly prevalent in the study setting. Although all iso-
lates were susceptible to colistin, the mortality rate of 
the infection was very high, which might be due to inap-
propriate initial antimicrobial treatment with the existing 
antimicrobial resistance, thrombocytopenia, and invasive 
mechanical ventilation. The study findings highlight the 
pressing need for collaborative efforts to address anti-
microbial resistance in Lebanon. They emphasize the 
urgent need to implement comprehensive measures such 
as strict infection control protocols, annual nationwide 
surveillance programs, and effective antimicrobial stew-
ardship programs at the national level, aiming to limit the 
unnecessary use of broad-spectrum antibiotics.

Abbreviations
A.  baumannii	� Acinetobacter baumannii
AMR	� Antimicrobial resistance
AOR	� Adjusted odds ratio
ASP	� Antimicrobial stewardship program
ESKAPE	� Enterococcus faecium, Staphylococcus aureus, Klebsiella pneu-

moniae, Acinetobacter baumannii, Pseudomonas aeruginosa, 
and Enterobacter species

CI	� Confidence interval
CRAB	� Carbapenem-resistant Acinetobacter baumannii
CSAB	� Carbapenem-susceptible Acinetobacter baumannii
FDA	� Food and drug administration

IOC	� Item-objective congruence
IRB	� Institutional review board
MDR	� Multidrug resistance
MDRAB	� Multi-drug resistant Acinetobacter baumannii
PDR	� Pandrug resistance
PDRAB	� Pandrug resistant Acinetobacter baumannii
SD	� Standard deviation
SE	� Standard error
SPSS®	� The Statistical Package for the Social Science
UOR	� Unadjusted odds ratio
VAP	� Ventilator-associated pneumonia
WHO	� World Health Organization
XDR	� Extensively drug resistance
XDRAB	� Extensively-drug resistant Acinetobacter baumannii

Acknowledgements
None.

Author contributions
The authors confirm their contribution to the paper as follows: study concep‑
tion and design: RI, SK, HMJK, and AEL; data collection: LH and RA; analysis 
and interpretation of results: RI and RAF; draft manuscript preparation: RI, SK, 
HR, TLM, LH, DR, and RA; manuscript copy-editing: HMJK and AEL. All authors 
reviewed the results and approved the final version of the manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
The dataset presented in this article is available only upon reasonable request 
since it contains confidential information. Requests to access the datasets 
should be directed to the first author (r.itani@bau.edu.lb).

Code availability
Not applicable.

Declarations

Ethics approval and consent to participate
The study was designed and conducted in accordance with the guidelines 
outlined in the World Medical Association Declaration of Helsinki. The Insti‑
tutional Review Board (IRB) of the assigned hospital granted approval for the 
study’s protocol (No. #01-22). To safeguard patients’ privacy and confidentiality, 
their medical records were anonymized and de-identified. The research team 
maintained no direct contact or follow-up with the patients. Given the retro‑
spective observational nature of the study, where data collection occurred 
after patients’ discharge or death, and given that no patient identifiers were 
accessed, the IRB waived the need for informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests and no affiliation 
with any organization with a financial interest in the subject matter discussed 
in the manuscript.

Author details
1 Pharmacy Practice Department, Faculty of Pharmacy, Beirut Arab University, 
Riad El Solh, 1107 2809, P.O. Box: 11‑5020, Beirut, Lebanon. 2 Department 
of Pharmacy Practice, College of Pharmacy, Taibah University, P.O. Box: 30051, 
41477 Madinah, Kingdom of Saudi Arabia. 3 INSPECT-LB (Institut National de 
Santé Publique, d’Épidémiologie Clinique et de Toxicologie-Liban), Beirut, Leb‑
anon. 4 Pharmacy Department, Hammoud Hospital University Medical Center, 
Sidon, Lebanon. 5 Department of Clinical Pharmacy and Therapeutics, Faculty 
of Pharmacy, Applied Science Private University, P.O. Box: 11931, Amman, Jor‑
dan. 6 Department of Clinical Pharmacy, Faculty of Pharmacy, Jordan University 
of Science and Technology, P.O. Box: 3030, Irbid 22110, Jordan. 7 Intensive Care 
Unit, Central Military Hospital, Military Healthcare, Lebanese Army, Beirut, 



Page 15 of 17Itani et al. Antimicrobial Resistance & Infection Control          (2023) 12:136 	

Lebanon. 8 Intensive Care Unit, American University of Beirut Medical Center, 
Beirut, Lebanon. 9 Department of Pharmaceutical Sciences, Faculty of Phar‑
macy, Beirut Arab University, Riad El Solh, 1107 2809, P.O. Box: 11‑5020, Beirut, 
Lebanon. 10 Department of Pharmacognosy, Faculty of Pharmacy, Alexandria 
University, Alexandria, Egypt. 

Received: 28 June 2023   Accepted: 22 November 2023

References
	1.	 Almasaudi SB. Acinetobacter spp. as nosocomial pathogens: epidemiol‑

ogy and resistance features. Saudi J Biol Sci. 2018;25(3):586–96.
	2.	 Sohail M, Rashid A, Aslam B, Waseem M, Shahid M, Akram M, et al. Anti‑

microbial susceptibility of Acinetobacter clinical isolates and emerging 
antibiogram trends for nosocomial infection management. Rev Soc Bras 
Med Trop. 2016;49(3):300–4.

	3.	 Vázquez-López R, Solano-Gálvez SG, Juárez Vignon-Whaley JJ, Abello 
Vaamonde JA, Padró Alonzo LA, Rivera Reséndiz A, et al. Acinetobacter 
baumannii resistance: a real challenge for clinicians. Antibiotics (Basel). 
2020;9(4):205.

	4.	 Asif M, Alvi IA, Rehman SU. Insight into Acinetobacter baumannii: patho‑
genesis, global resistance, mechanisms of resistance, treatment options, 
and alternative modalities. Infect Drug Resist. 2018;11:1249–60.

	5.	 Feng DY, Zhou JX, Li X, Wu WB, Zhou YQ, Zhang TT. Differentiation 
between Acinetobacter baumannii colonization and infection and the 
clinical outcome prediction by infection in lower respiratory tract. Infect 
Drug Resist. 2022;15:5401–9.

	6.	 Jung J, Park W. Acinetobacter species as model microorganisms in envi‑
ronmental microbiology: current state and perspectives. Appl Microbiol 
Biotechnol. 2015;99(6):2533–48.

	7.	 World Health Organization (WHO). Care, cleaning and disinfection of 
respiratory equipment in sterile services department. 2021. https://​www.​
who.​int/​publi​catio​ns/m/​item/​care-​clean​ing-​and-​disin​fecti​on-​of-​respi​
ratory-​equip​ment-​in-​steri​le-​servi​ces-​depar​tment

	8.	 Ibrahim S, Al-Saryi N, Al-Kadmy IMS, Aziz SN. Multidrug-resistant Acine-
tobacter baumannii as an emerging concern in hospitals. Mol Biol Rep. 
2021;48(10):6987–98.

	9.	 Goic-Barisic I, Seruga Music M, Kovacic A, Tonkic M, Hrenovic J. Pan drug-
resistant environmental isolate of Acinetobacter baumannii from Croatia. 
Microb Drug Resist. 2017;23(4):494–6.

	10.	 Weinberg SE, Villedieu A, Bagdasarian N, Karah N, Teare L, Elamin WF. 
Control and management of multidrug resistant Acinetobacter bauman-
nii: a review of the evidence and proposal of novel approaches. Infection 
Prevention in Practice. 2020;2(3):100077.

	11.	 Ayoub Moubareck C, Hammoudi HD. Insights into Acinetobacter bau-
mannii: a review of microbiological, virulence, and resistance traits in a 
threatening nosocomial pathogen. Antibiotics. 2020;9(3):119.

	12.	 Gandra S, Mojica N, Klein EY, Ashok A, Nerurkar V, Kumari M, et al. Trends 
in antibiotic resistance among major bacterial pathogens isolated from 
blood cultures tested at a large private laboratory network in India, 
2008–2014. Int J Infect Dis. 2016;50:75–82.

	13.	 Asokan G, Ramadhan T, Ahmed E, Sanad H. WHO global priority patho‑
gens list: a bibliometric analysis of medline-pubmed for knowledge 
mobilization to infection prevention and control practices in Bahrain. 
Oman Med J. 2019;34(3):184–93.

	14.	 De Oliveira DMP, Forde BM, Kidd TJ, Harris PNA, Schembri MA, Beatson SA, 
et al. Antimicrobial resistance in ESKAPE pathogens. Clin Microbiol Rev. 
2020;33(3):10–1128.

	15.	 Pendleton JN, Gorman SP, Gilmore BF. Clinical relevance of the ESKAPE 
pathogens. Expert Rev Anti Infect Ther. 2013;11(3):297–308.

	16.	 Uwingabiye J, Frikh M, Lemnouer A, Bssaibis F, Belefquih B, Maleb A, et al. 
Acinetobacter infections prevalence and frequency of the antibiotics 
resistance: comparative study of intensive care units versus other hospital 
units. Pan Afr Med J. 2016;23.

	17.	 Mat Rahim N, Lee H, Strych U, AbuBakar S. Facing the challenges of mul‑
tidrug-resistant Acinetobacter baumannii: progress and prospects in the 
vaccine development. Hum Vaccin Immunother. 2021;17(10):3784–94.

	18.	 Ma C, McClean S. Mapping global prevalence of Acinetobacter bau-
mannii and recent vaccine development to tackle it. Vaccines (Basel). 
2021;9(6):570.

	19.	 Chamoun K, Farah M, Araj G, Daoud Z, Moghnieh R, Salameh P, et al. 
Surveillance of antimicrobial resistance in Lebanese hospitals: retrospec‑
tive nationwide compiled data. Int J Infect Dis. 2016;46:64–70.

	20.	 Rima M, Oueslati S, Dabos L, Daaboul D, Mallat H, Bou Raad E, et al. 
Prevalence and molecular mechanisms of carbapenem resistance among 
gram-negative bacilli in three hospitals of Northern Lebanon. Antibiotics. 
2022;11(10):1295.

	21.	 Rafei R, Pailhoriès H, Hamze M, Eveillard M, Mallat H, Dabboussi F, et al. 
Molecular epidemiology of Acinetobacter baumannii in different hospitals 
in Tripoli, Lebanon using blaOXA-51-like sequence based typing. BMC Micro‑
biol. 2015;15:103.

	22.	 Clinical and Laboratory Standards Institute. M100 Performance standards 
for antimicrobial susceptibility testing. 30th ed. CLSI; 2020.

	23.	 Strauss M, Zoabi K, Sagas D, Reznik-Gitlitz B, Colodner R. Evaluation of 
Bio-Rad® discs for antimicrobial susceptibility testing by disc diffusion 
and the ADAGIO™ system for the automatic reading and interpretation of 
results. Eur J Clin Microbiol Infect Dis. 2020;39(2):375–84.

	24.	 Kucukler E. Risk factors of Acinetobacter baumannii infections. Int J Infect 
Dis. 2014;21:420.

	25.	 García-Garmendia J, Ortiz-Leyba C, Garnacho-Montero J, Jiménez-
Jiménez F, Pérez-Paredes C, Barrero-Almodóvar AE, et al. Risk factors for 
Acinetobacter baumannii nosocomial bacteremia in critically ill patients: a 
cohort study. Clin Infect Dis. 2001;33(7):939–46.

	26.	 Zhou H, Yao Y, Zhu B, Ren D, Yang Q, Fu Y, et al. Risk factors for acquisition 
and mortality of multidrug-resistant Acinetobacter baumannii bacteremia. 
Medicine. 2019;98(13):e14937.

	27.	 Yang YS, Lee YT, Huang TW, Sun JR, Kuo SC, Yang CH, et al. Acinetobacter 
baumannii nosocomial pneumonia: Is the outcome more favorable in 
non-ventilated than ventilated patients? BMC Infect Dis. 2013;13(1):142.

	28.	 Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, 
et al. Multidrug-resistant, extensively drug-resistant and pandrug-resist‑
ant bacteria: an international expert proposal for interim standard defini‑
tions for acquired resistance. Clin Microbiol Infect. 2012;18(3):268–81.

	29.	 McKay SL, Vlachos N, Daniels JB, Albrecht VS, Stevens VA, Rasheed JK, 
et al. Molecular epidemiology of carbapenem-resistant Acinetobac-
ter baumannii in the United States, 2013–2017. Microb Drug Resist. 
2022;28(6):645–53.

	30.	 Balkhair A, Al-Muharrmi Z, Al’Adawi B, Al Busaidi I, Taher HB, Al-Siyabi 
T, et al. Prevalence and 30-day all-cause mortality of carbapenem-and 
colistin-resistant bacteraemia caused by Acinetobacter baumannii, 
Pseudomonas aeruginosa, and Klebsiella pneumoniae: description of a 
decade-long trend. Int J Infect Dis. 2019;85:10–5.

	31.	 World Medical Association Declaration of Helsinki. JAMA. 
2013;310(20):2191.

	32.	 Monegro AF, Muppidi V, Regunath H. StatPearls Publishing. 2023. 
Hospital-Acquired Infections. https://​www.​ncbi.​nlm.​nih.​gov/​books/​
NBK44​1857/

	33.	 Alotaibi T, Abuhaimed A, Alshahrani M, Albdelhady A, Almubarak Y, 
Almasari O. Prevalence of multidrug-resistant Acinetobacter baumannii in 
a critical care setting: a tertiary teaching hospital experience. SAGE Open 
Med. 2021;9:1–5.

	34.	 Kanafani ZA, Zahreddine N, Tayyar R, Sfeir J, Araj GF, Matar GM, et al. Multi-
drug resistant Acinetobacter species: a seven-year experience from a 
tertiary care center in Lebanon. Antimicrob Resist Infect Control. 2018;7:9.

	35.	 Nowak J, Zander E, Stefanik D, Higgins PG, Roca I, Vila J, et al. High inci‑
dence of pandrug-resistant Acinetobacter baumannii isolates collected 
from patients with ventilator-associated pneumonia in Greece, Italy and 
Spain as part of the MagicBullet clinical trial. J Antimicrob Chemother. 
2017;72(12):3277–82.

	36.	 Al Atrouni A, Hamze M, Jisr T, Lemarié C, Eveillard M, Joly-Guillou ML, et al. 
Wide spread of OXA-23-producing carbapenem-resistant Acinetobacter 
baumannii belonging to clonal complex II in different hospitals in Leba‑
non. Int J Infect Dis. 2016;52:29–36.

	37.	 Hammoudi Halat D, Moubareck CA, Sarkis DK. Heterogeneity of car‑
bapenem resistance mechanisms among gram-negative pathogens in 
Lebanon: results of the first cross-sectional countrywide study. Microb 
Drug Resist. 2017;23(6):733–43.

https://www.who.int/publications/m/item/care-cleaning-and-disinfection-of-respiratory-equipment-in-sterile-services-department
https://www.who.int/publications/m/item/care-cleaning-and-disinfection-of-respiratory-equipment-in-sterile-services-department
https://www.who.int/publications/m/item/care-cleaning-and-disinfection-of-respiratory-equipment-in-sterile-services-department
https://www.ncbi.nlm.nih.gov/books/NBK441857/
https://www.ncbi.nlm.nih.gov/books/NBK441857/


Page 16 of 17Itani et al. Antimicrobial Resistance & Infection Control          (2023) 12:136 

	38.	 Nawfal Dagher T, Al-Bayssari C, Chabou S, Antar N, Diene SM, Azar E, et al. 
Investigation of multidrug-resistant ST2 Acinetobacter baumannii isolated 
from Saint George hospital in Lebanon. BMC Microbiol. 2019;19(1):29.

	39.	 Makke G, Bitar I, Salloum T, Panossian B, Alousi S, Arabaghian H, et al. 
Whole-genome-sequence-based characterization of extensively 
drug-resistant Acinetobacter baumannii Hospital outbreak. mSphere. 
2020;5(1):e00934-19.

	40.	 Osman M, Halimeh FB, Rafei R, Mallat H, Tom JE, Raad EB, et al. Investi‑
gation of an XDR-Acinetobacter baumannii ST2 outbreak in an inten‑
sive care unit of a Lebanese tertiary care hospital. Future Microbiol. 
2020;15:1535–42.

	41.	 Al Marjania MF, Kouhsari E, Ali FS, Authman SH. Evaluation of type II 
toxin-antitoxin systems, antibiotic resistance profiles, and biofilm quorum 
sensing genes in Acinetobacter baumannii isolates in Iraq. Infect Disord 
Drug Targets. 2021;21(2):180–6.

	42.	 Al-Tamimi M, Albalawi H, Alkhawaldeh M, Alazzam A, Ramadan H, Alta‑
lalwah M, et al. Multidrug-resistant Acinetobacter baumannii in Jordan. 
Microorganisms. 2022;10(5):849.

	43.	 Hammour KA, Abu-Farha R, Itani R, Karout S, Allan A, Manaseer Q, et al. 
The prevalence of Carbapenem resistance gram negative pathogens in a 
tertiary teaching hospital in Jordan. BMC Infect Dis. 2023;23:634.

	44.	 Kempf M, Rolain JM. Emergence of resistance to carbapenems in Acineto-
bacter baumannii in Europe: clinical impact and therapeutic options. Int J 
Antimicrob Agents. 2012;39(2):105–14.

	45.	 Zarrilli R, Pournaras S, Giannouli M, Tsakris A. Global evolution of multid‑
rug-resistant Acinetobacter baumannii clonal lineages. Int J Antimicrob 
Agents. 2013;41(1):11–9.

	46.	 Gonzalez-Villoria AM, Valverde-Garduno V. Antibiotic-resistant Acinetobac-
ter baumannii increasing success remains a challenge as a nosocomial 
pathogen. J Pathog. 2016;2016:7318075.

	47.	 López-Lozano JM, Lawes T, Nebot C, Beyaert A, Bertrand X, Hocquet D, 
et al. A nonlinear time-series analysis approach to identify thresholds in 
associations between population antibiotic use and rates of resistance. 
Nat Microbiol. 2019;4(7):1160–72.

	48.	 Aslan AT, Akova M. The role of Colistin in the era of new β-lactam/β-
lactamase inhibitor combinations. Antibiotics (Basel). 2022;11(2):227.

	49.	 Sacco F, Visca P, Runci F, Antonelli G, Raponi G. Susceptibility testing of 
Colistin for Acinetobacter baumannii: How far are we from the truth? 
Antibiotics (Basel). 2021;10(1):48.

	50.	 Moghnieh RA, Moussa JA, Aziz MA, Matar GM. Phenotypic and genotypic 
characterisation of cephalosporin-, carbapenem- and colistin-resistant 
gram-negative bacterial pathogens in Lebanon, Jordan and Iraq. J Glob 
Antimicrob Resist. 2021;27:175–99.

	51.	 Yacouba A, Olowo-Okere A. Global trends and current status in colistin 
resistance research: a bibliometric analysis (1973–2019). F1000Research. 
2020;9:856.

	52.	 Moghnieh R, Araj GF, Awad L, Daoud Z, Mokhbat JE, Jisr T, et al. A compi‑
lation of antimicrobial susceptibility data from a network of 13 Lebanese 
hospitals reflecting the national situation during 2015–2016. Antimicrob 
Resist Infect Control. 2019;8:41.

	53.	 European Society of Clinical Microbiology and Infectious Diseases. 
Clinical breakpoints and dosing of antibiotics. European Committee on 
Antimicrobial Susceptibility Testing. 2023. https://​www.​eucast.​org/​clini​
cal_​break​points

	54.	 Moghnieh R, Siblani L, Ghadban D, El Mchad H, Zeineddine R, Abdallah 
D, et al. Extensively drug-resistant Acinetobacter baumannii in a Lebanese 
intensive care unit: risk factors for acquisition and determination of a 
colonization score. J Hosp Infect. 2016;92(1):47–53.

	55.	 Moghnieh R, Awad L, Abdallah D, Jadayel M, Sinno L, Tamim H, et al. 
Effect of a “handshake” stewardship program versus a formulary restric‑
tion policy on high-end antibiotic use, expenditure, antibiotic resistance, 
and patient outcome. J Chemother. 2020;32(7):368–84.

	56.	 Siegel JD, Rhinehart E, Jackson M, Chiarello L. Guideline for isolation 
precautions: preventing transmission of infectious agents in health care 
settings. Am J Infect Control. 2007;35(10 Suppl 2):S65-164.

	57.	 Rizk NA, Zahreddine N, Haddad N, Ahmadieh R, Hannun A, Bou Harb 
S, et al. The impact of antimicrobial stewardship and infection control 
interventions on Acinetobacter baumannii resistance rates in the ICU of a 
tertiary care center in Lebanon. Antibiotics (Basel). 2022;11(7):911.

	58.	 Ballouz T, Aridi J, Afif C, Irani J, Lakis C, Nasreddine R, et al. Risk factors, 
clinical presentation, and outcome of Acinetobacter baumannii bactere‑
mia. Front Cell Infect Microbiol. 2017;7:156.

	59.	 Falagas ME, Kasiakou SK, Rafailidis PI, Zouglakis G, Morfou P. Compari‑
son of mortality of patients with Acinetobacter baumannii bacteraemia 
receiving appropriate and inappropriate empirical therapy. J Antimicrob 
Chemother. 2006;57(6):1251–4.

	60.	 Xiao D, Wang L, Zhang D, Xiang D, Liu Q, Xing X. Prognosis of patients 
with Acinetobacter baumannii infection in the intensive care unit: a retro‑
spective analysis. Exp Ther Med. 2017;13(4):1630–3.

	61.	 Falagas ME, Rafailidis PI. Attributable mortality of Acinetobacter bauman-
nii: no longer a controversial issue. Crit Care. 2007;11(3):134.

	62.	 Cornejo-Juárez P, Cevallos MA, Castro-Jaimes S, Castillo-Ramírez S, 
Velázquez-Acosta C, Martínez-Oliva D, et al. High mortality in an outbreak 
of multidrug resistant Acinetobacter baumannii infection introduced to 
an oncological hospital by a patient transferred from a general hospital. 
PLOS ONE. 2020;15(7):e0234684.

	63.	 Lee CM, Kim CJ, Kim SE, Park KH, Bae JY, Choi HJ, et al. Risk factors for early 
mortality in patients with carbapenem-resistant Acinetobacter baumannii 
bacteraemia. J Glob Antimicrob Resist. 2022;31:45–51.

	64.	 Alrahmany D, Omar AF, Alreesi A, Harb G, Ghazi IM. Acinetobacter bau-
mannii infection-related mortality in hospitalized patients: risk factors and 
potential targets for clinical and antimicrobial stewardship interventions. 
Antibiotics (Basel). 2022;11(8):1086.

	65.	 Pogue JM, Zhou Y, Kanakamedala H, Cai B. Burden of illness in carbap‑
enem-resistant Acinetobacter baumannii infections in US hospitals 
between 2014 and 2019. BMC Infect Dis. 2022;22(1):36.

	66.	 Qian Z, Zhang S, Li N, Ma W, Zhang K, Song F, et al. Risk factors for and 
clinical outcomes of polymicrobial Acinetobacter baumannii bloodstream 
infections. Biomed Res Int. 2022;2022:5122085.

	67.	 Gu Z, Han Y, Meng T, Zhao S, Zhao X, Gao C, et al. Risk factors and clinical 
outcomes for patients with Acinetobacter baumannii bacteremia. Medi‑
cine. 2016;95(9):e2943.

	68.	 Esterly JS, Griffith M, Qi C, Malczynski M, Postelnick MJ, Scheetz MH. 
Impact of carbapenem resistance and receipt of active antimicrobial 
therapy on clinical outcomes of Acinetobacter baumannii bloodstream 
infections. Antimicrob Agents Chemother. 2011;55(10):4844–9.

	69.	 Huang ST, Chiang MC, Kuo SC, Lee YT, Chiang TH, Yang SP, et al. Risk 
factors and clinical outcomes of patients with carbapenem-resistant 
Acinetobacter baumannii bacteremia. J Microbiol Immunol Infect. 
2012;45(5):356–62.

	70.	 Kang FY, How CK, Wang YC, Cheng A, Yang YS, Kuo SC, et al. Influence of 
severity of infection on the effect of appropriate antimicrobial therapy for 
Acinetobacter baumannii bacteremic pneumonia. Antimicrob Resist Infect 
Control. 2020;9(1):160.

	71.	 Lee YT, Kuo SC, Yang SP, Lin YT, Tseng FC, Chen TL, et al. Impact of appro‑
priate antimicrobial therapy on mortality associated with Acinetobacter 
baumannii bacteremia: relation to severity of infection. Clin Infect Dis. 
2012;55(2):209–15.

	72.	 Bankar NJ, Ugemuge S, Ambad RS, Hawale DV, Timilsina DR. Implemen‑
tation of antimicrobial stewardship in the healthcare setting. Cureus. 
2022;14(7):e26664.

	73.	 Chen Z, Chen Y, Fang Y, Wang X, Chen Y, Qi Q, et al. Meta-analysis of 
colistin for the treatment of Acinetobacter baumannii infection. Sci Rep. 
2015;5:17091.

	74.	 Tamma PD, Aitken SL, Bonomo RA, Mathers AJ, van Duin D, Clancy CJ. 
Infectious diseases society of america guidance on the treatment of 
AmpC β-lactamase-producing enterobacterales, carbapenem-resistant 
Acinetobacter baumannii, and Stenotrophomonas maltophilia infections. 
Clin Infect Dis. 2022;74(12):2089–114.

	75.	 Katip W, Uitrakul S, Oberdorfer P. A comparison of colistin versus colistin 
plus meropenem for the treatment of carbapenem-resistant Acinetobac-
ter baumannii in critically ill patients: a propensity score-matched analysis. 
Antibiotics (Basel). 2020;9(10):647.

	76.	 Paul M, Daikos GL, Durante-Mangoni E, Yahav D, Carmeli Y, Benattar 
YD, et al. Colistin alone versus colistin plus meropenem for treatment 
of severe infections caused by carbapenem-resistant gram-negative 
bacteria: an open-label, randomised controlled trial. Lancet Infect Dis. 
2018;18(4):391–400.

https://www.eucast.org/clinical_breakpoints
https://www.eucast.org/clinical_breakpoints


Page 17 of 17Itani et al. Antimicrobial Resistance & Infection Control          (2023) 12:136 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	77.	 Kassamali Z, Jain R, Danziger LH. An update on the arsenal for multidrug-
resistant Acinetobacter infections: polymyxin antibiotics. Int J Infect Dis. 
2015;30:125–32.

	78.	 United States Food and Drug Administration. FDA. FDA Drug Safety Com‑
munication: Increased risk of death with Tygacil (tigecycline) compared 
to other antibiotics used to treat similar infections. 2017. https://​www.​fda.​
gov/​drugs/​drug-​safety-​and-​avail​abili​ty/​fda-​drug-​safety-​commu​nicat​ion-​
incre​ased-​risk-​death-​tygac​il-​tigec​ycline-​compa​red-​other-​antib​iotics

	79.	 Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA, Palmer 
LB, et al. Management of adults with hospital-acquired and ventilator-
associated pneumonia: 2016 clinical practice guidelines by the infectious 
diseases society of America and the American Thoracic Society. Clin 
Infect Dis. 2016;63(5):e61-111.

	80.	 Wang J, Zhang J, Wu ZH, Liu L, Ma Z, Lai CC, et al. Clinical characteristics 
and prognosis analysis of Acinetobacter baumannii bloodstream infection 
based on propensity matching. Infect Drug Resist. 2022;15:6963–74.

	81.	 Karabay O, Yahyaoğlu M, Oğütlü A, Sandıkçı O, Tuna N, Ceylan S. Factors 
associated with mortality in Acinetobacter baumannii infected intensive 
care unit patients. Mikrobiyoloji bulteni. 2012;46:335–7.

	82.	 Qiao L, Zhang J, Mei Y, Zhang H, Su C. Analysis of risk factors on prognosis 
of Acinetobacter baumannii bloodstream infection. Clin Proteomics Bioin‑
form. 2016;1(2):42–5.

	83.	 Mehta AA, Kumar VA, Kumari IK, Nair SG, Dinesh KR, Singh SK. Risk factors 
for mortality in Acinetobacter calcoaceticus–baumannii bacteraemia. 
Asian Pac J Trop Biomed. 2012;2(3):S1852–7.

	84.	 Yang JL, Yang CJ, Chuang YC, Sheng WH, Chen YC, Chang SC. Associa‑
tion of capsular polysaccharide locus 2 with prognosis of Acinetobacter 
baumannii bacteraemia. Emerg Microbes Infect. 2022;11(1):83–90.

	85.	 Yu K, Zeng W, Xu Y, Liao W, Xu W, Zhou T, et al. Bloodstream infections 
caused by ST2 Acinetobacter baumannii: risk factors, antibiotic regimens, 
and virulence over 6 years period in China. Antimicrob Resist Infect 
Control. 2021;10(1):16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-increased-risk-death-tygacil-tigecycline-compared-other-antibiotics
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-increased-risk-death-tygacil-tigecycline-compared-other-antibiotics
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-increased-risk-death-tygacil-tigecycline-compared-other-antibiotics

	Acinetobacter baumannii: assessing susceptibility patterns, management practices, and mortality predictors in a tertiary teaching hospital in Lebanon
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and setting
	Inclusion and exclusion criteria
	Antimicrobial susceptibility testing
	Data collection form development and structure
	Validity and reliability
	Ethical considerations
	Statistical analysis
	Operational definitions

	Results
	Screened and enrolled cases
	Patient characteristics
	Microbiological characteristics of the A. baumannii isolates
	Assessment of antimicrobial therapy appropriateness
	Infection prognosis and treatment outcomes
	Mortality associated with A. baumannii infection
	Comparison of survival of patients with A. baumannii infections according to the appropriateness of antimicrobial therapy
	Comparison of survival between patients who died due to infection with XDR versus non-XDR A. baumannii isolates
	Predictors of mortality in patients with A. baumannii infection

	Discussion
	Study limitations

	Conclusions
	Acknowledgements
	References


