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Abstract
Purpose Acinetobacter baumannii (Ab) is a Gram-negative opportunistic bacterium responsible for nosocomial infections 
or colonizations. It is considered one of the most alarming pathogens due to its multi-drug resistance and due to its mortal-
ity rate, ranging from 34 to 44,5% of hospitalized patients. The aim of the work is to create a predictive mortality model for 
hospitalized patient with Ab infection or colonization.
Methods A cohort of 140 sequentially hospitalized patients were randomized into a training cohort (TC) (100 patients) 
and a validation cohort (VC) (40 patients). Statistical bivariate analysis was performed to identify variables discriminating 
surviving patients from deceased ones in the TC, considering both admission time (T0) and infection detection time (T1) 
parameters. A custom logistic regression model was created and compared with models obtained from the “status” variable 
alone	(Ab	colonization/infection),	SAPS	II,	and	APACHE	II	scores.	ROC	curves	were	built	to	identify	the	best	cut-off	for	
each model.
Results Ab infection status, use of penicillin within 90 days prior to ward admission, acidosis, Glasgow Coma Scale, blood 
pressure,	hemoglobin	and	use	of	NIV	entered	the	logistic	regression	model.	Our	model	was	confirmed	to	have	a	better	sen-
sitivity	(63%),	specificity	(85%)	and	accuracy	(80%)	than	the	other	models.
Conclusion Our predictive mortality model demonstrated to be a reliable and feasible model to predict mortality in Ab 
infected/colonized hospitalized patients.

Keywords Acinetobacter baumannii · Infection · Colonization · Acinetobacter baumannii mortality · Predictive 
mortality model · Multidrug- resistance
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Introduction

Acinetobacter baumannii (Ab) is a Gram-negative oppor-
tunistic bacterium responsible for nosocomial infections or 
colonizations. At present, it is considered one of the most 
alarming pathogens due to its multi-drug resistance [1]. Ab 
infections account for ~ 2% of all health care-associated 
infections in the United States and Europe [2]. Organ local-
izations of Ab infection involve the respiratory apparatus, 
with bronchitis and/or pneumonia, the urinary apparatus 
and the systemic circulation in cases of sepsis. Ab can also 
grow	in	various	biological	fluids,	 including	exudates,	skin	
and soft tissue ulcers, but also in inanimate surfaces (cath-
eters,	tracheostomies	and/or	other	devices)	due	to	its	biofilm	
forming properties [3].

The Center for Disease Control and Prevention (CDC) 
has	 classified	 Ab	 MDR	 as	 a	 serious	 public	 health	 risk,	
requiring continuous public health monitoring [4]. More-
over, the World Health Organization (WHO) has included 
carbapenem-resistant Ab (CRAb) in the critical group of 
bacteria that pose the most serious threat to human health 
[1]. The mortality rate due to Ab detected in the bloodstream 
accounts to 44,5% in hospitalized patients, and it increases 
up	to	58%	due	to	CRAb,	representing	an	emerging	global	
health concern [5]. Though CRAb infected patients show 
a high risk of intra-hospital mortality, CRAb colonized 
patients	present	also	a	high	mortality	rate	(68,5%	and	50%	
mortality rate, respectively for infected and colonized 
patients) [6]. The current work is aimed to create a predic-
tive model of in-hospital infected or colonized patients by 
Ab,	which	could	be	applied	 from	 the	first	Ab	 isolation	 in	
microbiological samples. The model has been designed to 
identify patients with higher risk of mortality, deserving 
prompt antibiotic therapy.

We analyzed Ab alone because of its intrinsic proper-
ties: Ab is responsible of sophisticated antibiotic-resistance 
mechanisms (including carbapenemases and extended-
spectrum -lactamases production) and by virulence proper-
ties	[biofilm	forming-	activity,	host	penetration,	adherence	
mechanisms, iron uptake and compartimentalization, pres-
ence of polysaccharide membrane and outer membrane 
protein A (OmpA)] [7]. The last characteristic has been sug-
gested to contribute to host epithelial cells-adhesion, bio-
film	production,	complement	resistance	[8].

Patients and methods

Study design

This study was conducted from 2019 to 2022 and involved 
two	different	Units	of	the	Internal	Medicine	Department	of	
the “Paolo Giaccone” University Hospital of Palermo, Italy.

The	 first	 step	 of	 the	 study	 consisted	 of	 the	 collection	
of the global sample of patients. The following inclusion 
criteria	were	 employed:	 patients	 aged	 over	 18	 years	with	
hospital-acquired Ab infection or colonization. Exclusion 
Criteria were: patients presenting Ab infection or coloniza-
tion before ward admission or with positive microbiological 
cultures	to	Ab	obtained	within	48	h	from	admission;	patients	
with missing admission data, previous Ab targeted antibi-
otic therapy (90 days from admission).

A total of 140 patients were collected and constituted the 
global cohort, subjected to a preliminary statistical bivariate 
analysis. The model was developed in a training cohort (TC) 
and tested on a separate validation cohort (VC). The predic-
tive power of our custom model was compared with that 
of	the	most	used	predictive	scores,	as	the	Simplified	Acute	
Physiological Score (SAPS) II and the Acute Physiological 
Score Chronic Health Evaluation (APACHE) II.

The patients were randomized into TC and VC with a 
randomization algorithm created by the “R- version 4.2.2” 
software. The study then consisted of two phases: the 
“Training phase” and a second “Validation phase”.

Data collection and study definitions

The clinical records of patients with microbiological 
cultures positive for Ab were retrospectively analyzed. 
Patients’ demographic, clinical, radiological and biochemi-
cal data were collected. Clinical data included clinical 
severity indexes (including SAPS II and APACHE II). Data 
regarding antibiotic therapy taken in the previous 90 days 
before admission and during hospitalization, and any other 
treatment were recorded. Hemodynamic parameters, clini-
cal, biochemical and radiological features were registered 
both at the time of admission (time zero: ‘T0’) and the time 
of	 first	 Ab	 isolation	 from	 microbiological	 cultures	 (time	
one: ‘T1’).

All patients were screened at admission for colonization 
by multi-drug resistant (MDR) bacteria by a rectal swab. 
Microbiological cultures were performed both at admis-
sion and during hospitalization in patients with suggestive 
symptoms for infection, not on a routine basis. Then, coloni-
zation/infection was considered only in patients who under-
went microbiological cultures. According to the mentioned 
exclusion criteria, patients with microbiological cultures 
and/or	 rectal	 swabs	 positive	 to	Ab	 obtained	 within	 48	 h	
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from admission were excluded from recruitment. Isolated 
Ab were 99% carbapenem-resistant.

An	 infection	 was	 conventionally	 defined	 as	 “pathogen	
multiplication determining local tissue and organ damage” 
differing	from	colonization	in	which	clinical	symptoms	are	
not related to the presence of the pathogen itself. The “CDC/
NHSN	 surveillance	 definition	 of	 health	 care-associated	
infection	and	specific	types	of	 infections	 in	 the	acute	care	
setting” criteria were used to discriminate Ab infection or 
colonization [9].	These	criteria	differ	according	to	the	organ	
involved and take into account hemodynamic parameters 
[body temperature, blood pressure (BP), heart rate (HR) and 
respiratory rate], clinical symptoms and signs (cough, puru-
lent sputum, rhonchi and ranting as regards pneumonia, dys-
uria, hematuria for urinary infection, pain and signs of local 
inflammation	for	skin	ulcers),	 radiological	features	(X-ray	
infiltrates,	consolidations,	abscesses,	radiological	modifica-
tion than previous exams), biochemical and microbiological 
variables [white blood cell count (WBC), positive cultures 
and relative number of colony-forming units/milliliters- 
CFU/mL].	 Threshold	 values	 of	 CFU/mL	 differ	 according	
to bacterial sources: the threshold is ≥ 104 CFU/mL for 
bronchoalveolar lavage or protected specimen brushing, 
≥105 CFU/mL for urinary culture. Individual organ infec-
tion or colonization status was assessed for every single 
patient.	The	patient	was	defined	as	“colonized”	when	one	
or	more	organs	were	colonized.	The	patient	was	defined	as	
“infected” if at least one infected organ was found, regard-
less	of	any	other	colonized	sites.	Only	the	first	culture	from	
the same microbiological source was used in the model.

Ab	 infection	 or	 colonization	 were	 defined	 “Hospital-
acquired” when Ab was isolated in samples obtained at 
least	48	h	after	hospital	admission.	Patients	transferred	from	
an Intensive Care Unit (ICU) ward to our Unit were also 
included in the study. ICU patients met to the same inclu-
sion/exclusion criteria of internal medicine wards.

The “History of severe organ failure or immunocompro-
mise” category included patients with a NYHA stage IV 
heart failure, severe chronic lung disease, solid or hema-
tological tumors requiring radiotherapy or chemotherapy, 
tumor metastases, history of immunosuppression therapy, 
HIV/IDS, chronic kidney injury requiring dialysis. This 
definition	was	borrowed	from	APACHE	II	score.

“Training phase”

The cohort of 100 patients was used as TC. The bivariate 
statistical analysis was performed over this cohort of sur-
vivors / deceased patients; the Chi-square test and the two-
tailed T-test were applied for categorical and quantitative 
variables respectively. All analyses were performed with 
a bilateral alpha risk of 5%. Variables with a bivariate p 

value < 0.1 entered into a logistic regression model as inde-
pendent variables and were selected using a stepwise back-
ward procedure. “Exitus” was the dependent variable of the 
logistic regression model. The ROC-curves were employed 
to	establish	the	best	cut-off	value	of	the	model,	according	to	
the Youden Index, to achieve the best compromise between 
sensitivity	 and	 specificity	 to	 predict	 patient	 survival.	
APACHE II, SAPS II and the “status model” were chosen 
as terms of comparison to assess prediction performance. 
ROC-curves were built for these models too and their best 
cut-offs	were	chosen	by	the	Youden	index.	The	“De	Long”	
test	 was	 performed	 to	 evaluate	 any	 statistical	 difference	
among the ROC-curves (see Fig. 1). Confusion matrices 
were also created for each model to better describe how 
many patients were correctly predicted as “true deceased” 
or “true survivors” by the models.

“Validation phase”

The custom model was validated on a second cohort (VC) 
of 40 patients. The trained model was use in predictive 
mode in the validation cohort. APACHE II, SAPS II, “Sta-
tus”, and custom model confusion matrices were also cre-
ated. The statistical software “R- version 4.2.2” was used 
for all calculations.

Results

The overall mortality rate among the 140 patients was esti-
mated	 as	 34.2%	 (48	 out	 of	 140	 patient).	Among	 the	 140	
patients,	the	“status”	(83%	in	deceased	vs.	48%	in	surviving	
patients, p < 0.001) and “history of severe organ failure or 
immunocompromise” (69% in deceased vs. 36% in surviv-
ing patients, p <	0.001)	variables	resulted	significantly	dif-
ferent between deceased and surviving patients. BP, HR, 
peripheral capillary oxygen saturation (SPO2), C-reactive 
protein	(CRP),	estimated	glomerular	filtration	rate	(eGFR),	
WBC, neutrophils (N%) and lymphocytes (L%) count, 
hemoglobin (Hb) and platelets counts (PLT) resulted sig-
nificantly	different	at	T1	(Table	1).

Also, in the TC (100 patients), the “Status” variable (Ab 
infection	 or	 colonization)	 resulted	 significantly	 different	
between deceased and surviving patients (T1, p < 0.001), 
with a higher prevalence of infection among deceased 
patients (Supplementary Table 1).	No	differences	in	term	of	
comorbidities, considered both individually and as a burden 
of comorbidity (Charlson Comorbidity Index), were found 
in any subgroup. History of severe organ failure or immu-
nocompromise (70% deceased vs. 41% surviving patients, 
p = 0.009) and penicillin antibiotic therapy within 90 days 
prior to admission (51% deceased vs. 25% surviving 

1 3



European Journal of Clinical Microbiology & Infectious Diseases

Discussion

The aim of this paper was to create a tool to predict the 
mortality of hospitalized patients presenting Ab in micro-
biological samples. The clinical advantage of this predictive 
tool is to identify the patients at risk that require early an 
intensive treatment in hospital settings.

In	our	study	sample,	mortality	rate	was	34.2%.	This	find-
ing is consistent with meta-analyses in literature, in which 
carbapenem-resistant Ab mortality was estimated as high as 
33–44% [5, 10], and a large proportion of the estimated total 
number of disability-adjusted life-years (DALYs) in Europe 
Economic Area (EEA) was attributed to colistin-resistant 
Acinetobacter spp in infected survivors [11].

Polymyxin-class colistin and tigecycline remain the most 
effective	 antibiotics	 to	 treat	CRAb	 both	 in	 ICU	 and	 non-
ICU wards of Sicilian Hospitals [12]. However, these anti-
biotic	classes	are	often	characterized	by	several	side	effects	
responsible of organ damages. Colistin-induced nephrotox-
icity represents a clear example [13].	Recently,	Cefiderocol,	
a siderophore cephalosporin has been used for carbapenem-
resistant Gram-negative bacteria. It showed a minor nephro-
toxicity compared with colistin, but increased liver enzymes 
have been observed [14]. To note, the CREDIBLE-CR trial 
reported higher mortality rate in CRAb patients treated 
with	 cefiderocol	 vs.	 other	 therapies	 (mostly	 polymyxin	
based regimens) [15].	So,	the	identification	of	hospitalized	
patients with Ab infection or colonization is a relevant issue 
that requires a dedicated tool [16]. To our knowledge, no 
mortality predictive model for Ab have been published yet. 
Only one predictive score for Ab hospital acquired pneumo-
nia has been developed so far [17].

In the total cohort of 140 subjects, deceased and surviv-
ing patients presented similar comorbidities, evaluated both 
as single diseases and as Charlson Comorbidity Index, as 
parameter of cumulative burden of comorbidities [18]. Our 
results suggest that the predictors of mortality are related 
to clinical characteristics of the patients (Ab infection, use 
of NIV, previous antibiotic therapy, acidosis, hemodynamic 
parameters)	more	than	to	the	degree	of	inflammation.	Prob-
ably, concomitant infections by less aggressive bacteria or 
other	 inflammatory	diseases	might	explain	 the	 increase	of	
inflammation	indices	without	a	contextual	increase	in	mor-
tality. Concomitant infections were also investigated as a 
possible	factor	influencing	mortality,	however	no	influence	
in mortality was found.

Regarding the variables that entered the model, the pres-
ence of penicillin/amoxicillin antibiotic therapy within 
90-days before hospitalization suggests that this class of 
antibiotics might select beta lactamases and carbapene-
mases producing Ab, responsible for higher mortality rates 
[18, 19].

patients, p = 0.016) were the only categorical variables 
found	 to	be	significantly	different	at	admission	 in	 the	TC.	
Urinary leucocyte esterase, nitrites, WBC and PLT resulted 
significantly	 different	 among	 the	 quantitative	 variables	 at	
admission (T0). The Glasgow Coma Scale (GCS), PLT, 
L%, BP, HR, Hb, SPO2, potassium, CRP, GOT transami-
nases,	SAPS	II	and	APACHE	II	were	significantly	different	
between deceased and surviving patients at T1 (Supplemen-
tary Table 1).

The	 different	 sites	 of	microbiological	 cultures	 positive	
for Ab isolation were tabled according to status (Supple-
mentary Table 2) and patients’ mortality (Supplementary 
Table 3).

All	 the	 significant	 variables	 at	 the	 bivariate	 analysis	
(Table 1) were included in the logistic regression model 
(Table 2). Status, treatment with penicillin/amoxicillin 
within 90 days from admission, acidosis, non-invasive 
ventilation (NIV) (dichotomic variables) and GCS, BP, Hb 
(quantitative variables) entered the model. The fundamen-
tal equation of our model and its variables are illustrated in 
Table 2.

ROC curves were built using death or survival as depen-
dent	variable.	The	best	cut-off	for	our	model	was	fixed	as	
0,66, according to the Youden Index. The “De Long” test 
identified	a	 statistically	 significant	difference	between	our	
model’s ROC-AUC (0.917) and other model’s AUCs (Sta-
tus:	0.686,	APACHE	II	score	0.702,	SAPS	II	score	0.765)	
(p < 0.001) (Fig. 1). Our model reported a major sensitiv-
ity	(SE)	(93%),	specificity	(SP)	(86%),	negative	predictive	
power	 (NPP),	 (97%)	 and	 accuracy	 (ACC)	 (88%)	 during	
training, in comparison with the other models (Table 3). 
It achieved a better performance in comparison with the 
other models also during the validation phase, in terms of 
SE	(64%),	SP	(86%)	and	ACC	(80%)	(Table	4). The confu-
sion matrices showed the allocation of patients according to 
the	different	models.	Our	custom	model	performed	better	in	
terms of ‘true positives’ (deceased patients) compared to the 
other models. ( both in the TC of Supplementary Tables 4 
and in VC of Supplementary Table 5). Figure 2 summarizes 
the results of the confusion matrices in a graphical form.

Figure picturing the ROC curve of our tested predictive 
model, alongside ones of the other predictive models: “Sta-
tus”, APACHE II and SAPS II indexes. AUC: area under the 
curve.	Statistical	differences	among	 the	ROC-curves	have	
been evaluated by the “De Long” test.

The graph shows the percentage number of correctly 
classified	patients	as	deceased	or	survivors	among	the	mod-
els in the TC (100 patients) and VC (40 patients).
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Table 2 Logistic regression model and variables
L = 15.91 + β1 · 1.66331 + β2 · 1.37883 + β3 · 1.20416 − β4 · 0.84472 − β5 · 0.02406 − β6 · 0.45139 + β7 · 1.9483
Variables Training

Coef. 95% C.I. O.R. p-value
β1 Status (infection or colonization) 1.663 (0.277 ; 3.315) 5.275 0.027

β2 Penicillin/amoxicillin within 90 days from admission (YES/NO) 1.378 (0.106 ; 2.763) 3.966 0.038

β3 Acidosis (YES/NO) (T1) 1.204 (-0.105 ; 2.592) 3.333 0.075

β4 GCS (T1) -0.844 (-1.468	;	-0.373) 0.429 0.003

β5 BP (mmHg) (T1) -0.024 (-0.053 ; 0.002) 0.976 0.074

β6 Hb (gr/dL) (T1) -0.451 (-0.925 ; -0.034) 0.636 0.044

β7 Use of NIV (YES/NO) (T1) 1.948 (0.364 ; 3.77) 7.014 0.022
The table shows the equation the logistic regression model and the entered variables. The dependent variable is the “Exitus” (deceased or 
survivor). mmHg: millimeters of mercury; gr/dL: grams/deciliters. BP: Blood Pressure. Hb: hemoglobin. NIV: non-invasive ventilation. C.I: 
confident	interval.	O.R.:	Odds	Ratio.	T1:	Time	1	(Ab	isolation	time).	For	numerical	variables,	ORs	are	calculated	for	one	unit	of	measure

Fig. 1 ROC-curves for each predictive mortality model, tested on the “Training cohort”
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model	incorrectly	predicted	8	patients,	of	whom	4	survived	
and	4	died.	Four	out	of	these	8	patients	were	equally	mis-
classified	by	the	other	models.	We	could	not	identify	a	com-
mon clinical pattern that could mislead the model prediction 
in these patients. The remaining 4 patients (failed by our 
model)	were	correctly	 identified	by	 the	other	models,	and	
they presented no respiratory tract infections as common 
characteristic. The absence of lung involvement in these 
patients may have impaired our model that relies on the 
variable “NIV” to predict mortality. They also had a high 
leucocyte count, which was investigated by the other mod-
els such as SAPS II and APACHE II and not by our custom 
model.	Nevertheless,	inflammatory	measures	impaired	our	
model performance. In spite of these few cases, our model 
proved to be globally more performing than competitors.

Limits of the study

Our sample was very heterogeneous due to the choice of 
lazily stringent inclusion/exclusion criteria. Still, our sam-
ple represents a ‘real world’ experience, depicting the het-
erogeneity of the patients admitted to ICU and non-ICU 
hospital wards. We believe that this choice makes the model 
very	exploitable	in	different	hospital	settings.

In our ward, patient surveillance was based on rectal 
swab at admission. It is true that other colonized sites were 
missed in asymptomatic patient according to this procedure.

Another limit is represented by the size of the cohorts. 
Larger studies with a higher numerosity of the sample might 
have	refined	the	result	of	the	present	study,	producing	more	
accurate parameters estimations able to improve the model 
performance.

Moreover, the model is applied at T1, that is the moment 
in which Ab is isolated, before administering antibiotic 
therapy.	The	effect	of	therapy	is	then	not	evaluated	by	the	
model.

Conclusions

Our predictive mortality model has been demonstrated to 
be a reliable and feasible model to identify hospitalized 
patients with infection or colonization with higher mortal-
ity risk at time of detection. The proposed model performs 
better than other widely used tools, as the infection/colo-
nization status and APACHE II, SAPS II scores. The main 
strength of our model consists of the use of variables eas-
ily	available	in	any	hospital	setting.	If	confirmed	by	further	
studies, the proposed model might represent a valuable tool 
to identify patients at high risk, requiring a more aggressive 
treatment and a higher standard of care.

“Status” was predictive in our model as well, showing 
that infected patients have higher mortality rates than colo-
nized ones. However, as mentioned before, high mortality 
rates were also described in colonized individuals [6], justi-
fying their inclusion in our work.

The variable “acidosis” entered the model, and it has 
been proven to predict mortality independently from hyper-
lactatemia [20]. Our data did not discriminate respiratory 
from mixed or metabolic acidosis. GCS and BP entered the 
model	too,	being	considered	also	by	different	mortality	and	
sepsis score, as the de SOFA and qSOFA scores [21].

Ab	biofilm-forming	 property	 explained	why	NIV	 (ver-
sus in-mask O2 supplementation) entered the model as the 
principal source of infection during hospitalization [22–24].

We compared our custom model with three other mod-
els: the “status” alone (infected/colonized), APACHE II and 
SAPS II. APACHE II and SAPS II have been chosen due to 
their known association with poor prognosis in Ab infection 
[18, 25].

Our	model	correctly	classified	more	deceased/surviving	
patients (32 out of 40) in comparison with the other models 
(APACHE	II:	30	out	of	40,	SAPS	II:	28	out	of	40,	“Status”	
model: 24 out of 40) in the validation cohort (see Supple-
mentary Table 5).	Misclassified	patients	were	analyzed:	our	

Table 3 Performance indexes for each predictive morality model 
tested on the “Training cohort”
Performance 
Score

“Status” 
Model

Custom 
Model

APACHE II SAPS 
II

SE 0.508 0.931 0.600 0.650
SP 0.865 0.859 0.687 0.816
PPP 0.864 0.729 0.324 0.702
NPP 0.508 0.968 0.873 0.778
ACC 0.640 0.880 0.670 0.750
AIC 120 83.750 NA NA
AUC 0.686 0.917 0.702 0.765
Main performance indexes related to the logistic regression models. 
SE = Sensitivity, SP =	Specificity,	 PPP	= Positive Predictive Power, 
NPP = Negative Predictive Power, ACC = Accuracy, AIC = Model 
Comparison Performance Index, AUC = Area under the ROC curve. 
NA: not available

Table 4 Performance indexes for each predictive morality model on 
the “Validation cohort”
Performance 
Score

“Status” 
Model

Custom 
Model

APACHE II SAPS 
II

SE 0.380 0.636 0.571 0.454
SP 0.842 0.857 0.787 0.793
PPP 0.727 0.636 0.363 0.454
NPP 0.552 0.857 0.896 0.793
ACC 0,6 0.800 0.750 0.70
Main performance indices related to the logistic regression models. 
SE = Sensitivity, SP =	Specificity,	 PPP	= Positive Predictive Power, 
NPP = Negative Predictive Power, ACC = Accuracy, AIC = Model 
Comparison Performance Index, AUC = Area under the ROC curve
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