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Purpose: The purpose of this study was to identify risk factors for extensively drug-resistant 

(XDR) Acinetobacter baumannii (AB) and XDR Proteeae association in the largest intensive 

care unit (ICU) in Western Romania.

Materials and methods: This retrospective case-controlled study was conducted between 

January 2016 and December 2016 in the ICU of the “Pius Brînzeu” County Emergency Clinical 

Hospital of Timișoara. Data were collected, in strict confidentiality, from the electronic database 

of the Microbiology Laboratory and the hospital’s electronic medical records. Risk factors were 

investigated by logistic regression. Independent variables with P≤0.05 and OR >1 (95% CI >1) 

in the univariate analysis were entered into multivariate sequenced analysis.

Findings: The incidence density of coinfection with XDR AB and XDR Proteeae was 5.31 

cases per 1,000 patient-days. Independent risk factors for the association of XDR AB and XDR 

Proteeae were represented by the presence of tracheostomy and naso-/orogastric nutrition ≥ 8 

days. In addition, pressure ulcers were independent predictive factors for infections with all three 

infection types. Previous antibiotic therapy was an independent risk factor for the acquisition 

of XDR-AB strains, alone or in association, while the prolonged hospitalization in the ICU, 

blood transfusion, and hemodialysis appear as independent risk factors for single infections.

Conclusion: This association of XDR AB and XDR Proteeae may well not be limited to our 

hospital or our geographical area.
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Introduction
Multidrug-resistant organisms (MDROs) responsible for health care-associated infections 

(HCAIs) have become prevalent and their association has become increasingly common 

with devastating outcomes. On the other hand, the increased use of broad-spectrum anti-

microbial drugs selects MDROs. In the intensive care unit (ICU), acquisition of MDROs 

depends not only on antimicrobial use but also upon the severity of the illness, invasive 

procedures, infected or colonized patients with MDROs, and ICU contact pressure.1–9

Infections due to Acinetobacter baumannii (AB) have been detected mainly in criti-

cally ill patients and are associated with an increased risk of mortality.7 AB has become 

the prototype of extensively drug-resistant (XDR) pathogens, being sensitive to only 

a few antimicrobial agents, and of late, worrying trends have started to occur.10,11 The 

average percentage of invasive strains with combined resistance (to fluoroquinolones, 
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aminoglycosides, and carbapenems) in European Union 

(EU)/European Economic Area (EEA) was 31.7% in 2016, 

while 4% were resistant to colistin, mostly in Southern 

Europe, Southeastern Europe, and the Baltic countries.12 

According to EARS-Net data, in 2015, 12 of 27 EU/EEA 

countries recorded a level of 50% or higher for carbapenem-

resistant AB strains.13 Most of these strains are involved in the 

etiology of HCAIs such as ventilator-associated pneumonia, 

postoperative wound infections, urinary tract infections 

associated with permanent catheterization, blood stream 

infections, or meningitis associated with ventricular shunt.

Colistin and tigecycline remain the only effective drugs 

for the management of carbapenem-resistant AB strains.14–16 

However, besides the emergence of colistin resistance and 

nephrotoxicity/neurotoxicity issues, treatment with colistin 

raises the issue of superinfection with other pathogens that 

are naturally resistant to colistin, such as Proteeae, Serratia 

marcescens, Pseudomonas mallei, and Burkholderia cepa-

cia.17,18 In addition, when deciding upon empirical treatment 

for the association of XDR AB and enterobacteria with 

natural resistance to colistin and tigecycline, the clinician 

needs to take this resistance into consideration.

Recent studies have shown that certain Romanian ICUs 

are experiencing a high incidence of infection with multi-

drug-resistant (MDR) AB and Proteus mirabilis.19 According 

to the CARMIN-ROM study, performed in 2015, carbapenem 

resistance to AB-invasive isolates was 82.1%, which places 

Romania on the third place among EARS-Net countries.20

The aim of this study was to identify the risk factors for 

XDR AB and XDR Proteeae association in the largest ICU 

from Western Romania.

Materials and methods
Setting and study design
This retrospective case–control study was conducted over a 

period of 1 year, between January 2016 and December 2016, 

in the “Pius Brînzeu” County Emergency Clinical Hospital of 

Timișoara with 1,100 beds and an ICU with 27 beds dedicated 

to both medical and surgical pathologies.

All patients who were admitted to the ICU during the study 

period were evaluated, except for those with a length of stay 

of less than 1 day in the ICU or those who had positive cul-

tures before/upon admission to the ICU. Four subsamples of 

patients were considered according to the pathogens involved:

•	 S I – all patients identified with HCAIs caused by the 

association of XDR AB and XDR Proteeae;

•	 S II – all patients identified with HCAIs caused only by 

XDR AB;

•	 S III – all patients identified with HCAIs caused only by 

XDR Proteeae; and

•	 S IV – patients matched by age group, ward, and hospital-

ization date with cases from S I, but who did not develop 

infections.

Demographics and risk factors
Data were collected in strict confidentiality from the elec-

tronic database of the Microbiology Laboratory and the hos-

pital’s electronic medical records. Owing to the retrospective 

design of the study, informed consent was not required, but 

the study was approved by the ethics committee of the “Pius 

Branzeu” Timisoara Emergency Clinical County Hospital 

(ref. no. 130/13, September 2017).

The following data were collected: gender, age, the clinical 

ward from which patients were transferred, length of stay in the 

ICU, discharge status, infection type, risk factors (mechanical 

ventilation, central venous catheterization, urinary catheteriza-

tion, tracheostomy, gastrostomy, use of dialysis, blood trans-

fusion, vasopressor therapy, presence of wounds or pressure 

ulcers, duration of antibiotic use prior to isolation of XDR 

AB and XDR Proteeae), immune status (immunosuppressive 

pathology, radiotherapy/chemotherapy in the last 3 months), 

comorbidities, and physical status at the time of admission.

HCAIs were defined according to 2012/506/EU European 

Parliament Decision, implemented at the national level.21

Inclusion in The American Society of Anesthesiologists 

Physical Status Classification System has complied with the 

definitions of the latest approved version of October 15, 2014.22

Comorbidities were quantified using the age-adjusted 

Charlson Comorbidity Index, with the inclusion of the fol-

lowing: diabetes; mild/moderate to severe liver pathology; 

malignancy; chronic kidney diseases; cardiac, pulmonary, or 

peripheral vascular, cerebrovascular, hematological diseases; 

dementia; gastroduodenal ulcer; and HIV infections.23

Improved evolution was defined as removing the patient 

from mechanical ventilation and balancing hemodynamic, 

acid–base, and electrolytic statuses, while stationary evolu-

tion was used when the patient’s evolution did not change 

after the time of admission to the ICU.

Case fatality rate was defined as the number of deaths due 

to a specific disease among patients with this pathology. The 

fatality attributable to health care-associated pathology was 

calculated as the difference between the fatality recorded in the 

sample of cases and the fatality recorded in the control sample.
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The incidence density was defined as the number of new 

cases that occurred in the ICU during a defined period per 

total number of patient-days during a defined period multi-

plied by 1,000.

Laboratory methods
Microbiological identification was done according to morpho-

logical, cultural, and biochemical characteristics. The antimi-

crobial sensitivity tests were performed by automated Vitek 

2 system (bio-Mérieux, Marcy l’Etoile, France) according 

to the Clinical and Laboratory Standards Institute (CLSI).24

According to a study by Magiorakos et al,10 XDR patho-

gens were defined as being non-susceptible to at least one 

agent in all but two or fewer antimicrobial categories (colistin 

and minocycline for AB and carbapenems or amikacin or 

fluoroquinolones for Proteeae). The phenotypic confirmation 

of extended spectrum beta-lactamases (ESBL) production 

was done using the synergy test between extended-spectrum 

cephalosporins and clavulanic acid. Carbapenemase produc-

tion was demonstrated by combined disc methods (KPC, 

MBL and OXA-48 Confirm kit; Rosco Diagnostica, Taastrup, 

Denmark).24–27

Statistical analyses
The database was analyzed using the IBM SPSS Statistics 20. 

Continuous numeric variables were characterized by mean 

values and 95% CI, and the category type was characterized by 

value and percentage. Testing data distribution was performed 

using the Shapiro–Wilk test. Comparison of category variables 

was performed by the chi-squared test with Fischer’s exact 

test, and the Mann–Whitney U test was used for continuous 

variables. Risk factors for infections were investigated by 

logistic regression. Independent variables with P≤0.05 and 

OR>1 (95% CI>1) in the univariate analysis were entered into 

multivariate sequenced analysis. Only variables that clearly 

met the risk factor criteria were included to reduce the inter-

vention of hazard as much as possible. To avoid collinearity, 

only independent variables were included. Model selection 

was performed based on the Nagelkerke R2 coefficient and the 

deviation from the theoretical model, estimated by the Hosmer 

and Lemeshow goodness of fit test. Statistical significance was 

calculated by two-tailed tests, and the significance threshold 

was set at P-values ≤0.05.

Results
Descriptive data
Of the 998 patients admitted to the ICU during the study 

period, 50 met the inclusion criteria in S I, 53 in S II, and 52 

in S III, and the control group consisted of 112 uninfected 

patients. At a total of 9,416 patient-days, co-infection with 

XDR AB and XDR Proteeae recorded an incidence density 

of 5.31 cases per 1,000 patient-days. Infections with single 

XDR-AB and XDR Proteeae strains were identified with a 

similar incidence density of 5.63 and 5.52 cases per 1,000 

patient-days, respectively. The sample characteristics and 

exposure to possible predictive factors are listed in Table 1.

Case fatality rate was 88% for patients with co-infection, 

54.72% for those included in the S II, 57.69% for those 

included in the S III, and 31.25% for those included in the 

S IV. Thus, the fatality attributable to health care-associated 

pathology in S I (56.75%) was twice as high as the one 

recorded in S II (23.47%) or S III (26.44%).

Hospital-acquired (HA) pneumonia was present in 82% 

of cases in S I, as well as 66.04% in S II, and 51.92% in S III 

(P=0.001), considering that preexisting lung disease such as 

COPD was identified in only 2.00% of the cases in S I, 5.66% 

of the cases in S II, 5.77% of the cases in S III, and 3.57% 

of the cases in S IV, and bronchiectasis was not found in any 

of the 267 patients included in the four samples. HA urinary 

tract infections were more common in S III (P=0.001), and 

surgical site infections were significantly more prevalent 

among patients in S II (P=0.033).

In S I, 36.00% (n=18) of the patients received colistin, 

despite the fact that Proteeae strains are naturally resistant 

to this drug.

Univariate analysis
To highlight the risk factors, we compared not only S I, S II, 

and S III with S IV but also S I with S II and S III. Univari-

ate analysis identifies predictive factors for S I, presented 

in Table 2.

OR corroborated to 95% CI, and statistical significance 

resulted in the following categories of predictive factors:

•	 Risk factors for all three infection types: tracheostomy, 

pressure ulcers, blood transfusion, central catheteriza-

tion ≥8 days, hospitalization in ICU ≥8 days, urinary 

catheterization ≥8 days, naso-/orogastric nutrition ≥8 

days, mechanical ventilation >2 days, and broad-spectrum 

cephalosporin or carbapenem administration;

•	 Single infection risk factors: general surgery for XDR-

AB infection, hemodialysis for XDR-AB infection, and 

immunosuppressive pathology both for S II and S III;

•	 Co-infection-associated risk factors: gastrostomy, naso-

gastric nutrition, mechanical ventilation, and tigecycline 

administration. Comparative analysis of S I vs S II addi-

tionally highlights neurosurgical interventions as a risk 
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factor for the association studied (OR=2.70 [1.21–6.01], 

P=0.018);

•	 Single- and co-infection-associated risk factors: previ-

ous empirical antibiotherapy, vasopressor therapy, and 

colistin administration for XDR-AB strains; ASA >5 

and piperacillin/tazobactam (PIP/TAZ) administration 

for XDR-Proteeae strains.

Multivariate analysis
Multivariate analysis through logistic regression identified the 

presence of tracheostomy and naso-/orogastric nutrition ≥8 

days as significant, independent of co-infection risk factors 

(Table 3). Pressure ulcers (the consequence of prolonged bed 

rest) are independent predictive factors for all three studied 

types of infections produced by MDROs. Previous antibiotic 

therapy was an independent risk factor for the acquisition of 

XDR-AB strains, alone or in association, while the prolonged 

hospitalization in the ICU, blood transfusion, and hemodialy-

sis appeared as independent risk factors for single infections.

Discussion
This study, performed to highlight the risk factors involved 

in the association of XDR AB and XDR Proteeae, was con-

ducted in a Romanian ICU, which faces a high incidence of 

MDROs, both AB and Proteeae species. In another study 

conducted in the same unit between 2012 and 2013, the inci-

dence density rate for MDR AB was 4.68 per 1,000 patient-

days and for the ESBL-producing P. mirabilis, it was 4.17 

per 1,000 patient-days.19 This epidemiologic status persists 

despite the fact that cases reported by hospital departments 

(surgical departments included) are sporadic (both regarding 

HCAI and bacterial multiresistance) in a combined active and 

passive surveillance system. We mention that the hospital is 

included in the national sentinel system for the identifica-

tion of HCAI in high-risk departments and the antimicrobial 

resistance patterns of strains causing invasive infections. This 

endemic situation of MDROs is not punctiform, especially 

in ICUs of Southeast Europe.12,13

In this context, identifying risk factors for the association 

of XDR AB and XDR Proteeae could influence the therapeutic 

course for patients hospitalized in the ICU, where any dete-

rioration of the general condition due to infectious pathology, 

attacking a profoundly affected condition, may result in the 

loss of the patient. Surveillance data of MDROs could help the 

clinician to establish the appropriate empiric therapy. The inten-

sive use of colistin or tigecycline in the context of increased 

incidence of carbapenem-resistant strains favors the emergence 

of natural resistant microorganisms, such as Proteeae.
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Table 3 Multivariate analysis of risk factors

Risk factors P-value Exp(B) (95% CI)

S I vs S IV
Tracheostomy 0.005 976.77 (7.68–124,187.86)
Pressure ulcers 0.003 1,067.84 (10.37–109,901.96)
Naso-/orogastric nutrition 
≥8 days

<0.001 5.13 (2.43–10.82)

S II vs S IV
Previous antibiotic use 0.049 6.78 (1.01–45.46)
Ulcers pressure 0.000 16.833 (3.84–73.73)
Blood transfusion 0.023 7.593 (1.33–43.46)
S III vs S IV
Hemodialysis 0.001 16.63 (3.35–82.43)
Ulcers pressure <0.001 116.17 (20.81–648.66)
Blood transfusion 0.018 8.44 (1.45–49.21)
Hospitalization in ICU ≥8 
days

<0.001 63.43 (11.10–362.38)

Naso-/orogastric nutrition 
≥8 days

0.044 1.93 (1.02–3.67)

S I vs S II
Tracheostomy 0.007 5.24 (1.57–17.45)
Naso-/orogastric nutrition 
≥8 days

0.001 3.11 (1.56–6.18)

S I vs S III
Previous antibiotic use 0.013 11.41 (1.68–77.22)
Tracheostomy 0.002 7.43 (2.15–25.72)
Vasopressor therapy 0.019 5.70 (1.34–24.32)
Naso-/orogastric nutrition 
≥8 days

0.009 2.67 (1.28–5.58)

Abbreviation: ICU, intensive care unit.
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Descriptive analysis shows that, from a demographic 

perspective, patients co-infected with XDR AB and XDR 

Proteeae were the youngest, with statistically significant 

differences, vs those infected with only XDR AB (P=0.041).

The association of pathogens resulted in triple than 

average ICU hospitalization time when compared to single 

infections with AB strains (45.26 vs 13.47 days), more than 

two times longer hospitalization when compared to that of 

single infection with Proteeae strains (45.26 vs 20.58 days) 

and more than 10 times longer hospitalization when com-

pared to that in the control sample (which was 4.43 days).

Analyzing the origin of patients included in S I, it was 

noticed that ~50% of patients were transferred from neurosur-

gery (38%) and neurology (10%), which suggests impairment 

of consciousness, the need for assisted ventilation, trache-

ostomy, naso-/orogastric nutrition, and a prolonged length 

of hospital stay. Emergency ICU hospitalization, directly 

from the emergency room, also involves a severe pathology 

with a high probability of multiple invasive diagnostic or 

therapeutic maneuvers.

Comorbidity analysis correlated with physical status 

showed that patients infected with association of pathogens 
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(S I) had the lowest level of chronic pathology (correlated 

with the lowest age). The mean value of the Charlson Comor-

bidity Index adjusted for age was 1.96. In contrast, the aver-

age ASA Physical Status Classification System was 4.88 and 

placed them at the limit between severe systemic pathology 

with vital risk and death, with little chance of survival in the 

absence of surgery. The uninfected control sample consisted 

of patients with severe systemic disease (lowest ASA: 3.89), 

but with the most important comorbidities (Charlson Comor-

bidity Index adjusted at age was 3.62).

The association between XDR AB and XDR Proteeae 

increased the average number of antibiotherapy days by 

more than six times compared to the antibioprophylaxis 

in S IV, by more than two times compared to the antibio-

therapy period revealed in S III, and 2.5 times compared 

to the antibiotherapy period revealed in S II. According to 

internal guidelines, cefuroxime was predominantly used in 

perisurgical antibiotherapy protocols, while in the ICU, the 

empirical therapy of patients with clinical and paraclinical 

signs of infection accompanied by deterioration of the clini-

cal condition, third-generation cephalosporins, PIP/TAZ, or 

carbapenems were administered. Colistin or tigecycline 

was administered to patients in whom carbapenem-resistant 

genes were identified by direct examination of the bronchial 

aspirate with the GeneXpert System (Cepheid, Sunnyvale, 

CA, USA). The final therapy of infections with these XDR 

pathogens included the association of colistin or tigecycline 

with carbapenems, aminoglycosides, or fluoroquinolones, 

depending on the sensitivity of pathogens, the infection site, 

and the renal function of the patient.

In terms of invasive procedures at risk of HCAI pathol-

ogy, the average number of days of mechanical ventilation 

in S I increased by three times compared to that in S II and 

S III (31.94 days vs 10.34/9.69 days). All patients in the four 

samples were subjected to invasive mechanical ventilation, 

but for different time periods, and some of them later ben-

efited from noninvasive intermittent ventilation. The average 

number of days with central catheterization increased by more 

than three times (43.14 days vs 13.47/13.02 days). Urinary 

catheterization duration increased by 3.46 times compared 

with that of S II and 2.28 times compared with that of SIII 

(46.42 days vs 13.40/20.29 days). Naso-/orogastric nutrition 

duration increased by more than five times (39.18 days vs 

6.75/7.75 days).

In this study, the presence of tracheostomy and naso-/

orogastric nutrition ≥8 days was not identified as co-infection 

risk factors. Previous antibiotic therapy was an independent 

risk factor for the acquisition of XDR-AB strains, associated 

or not. Only in univariate analysis, the administration of 

large-spectrum cephalosporins and carbapenems has been 

identified as a predictive factor for all three types of infection. 

Previous administration of colistin was a predictive factor for 

the acquisition of XDR-AB strains, associated or not, and the 

PIP/TAZ prescription was a predictive factor for the XDR-

Proteeae infection. Tigecycline was the only antimicrobial 

agent close to the co-infection prediction threshold.

Numerous studies have assessed antibiotic-associated 

risk factors for infection with MDR AB. Three classes of 

them have been most frequently implicated: third-generation 

cephalosporins, carbapenems, and fluoroquinolones.28

In a Lebanese ICU, Moghnieh et al29 identified four 

parameters as independent risk factors for acquisition of 

XDR AB: urinary catheter placement for >6 days, presence 

of gastrostomy tube, use of carbapenems or PIP/TAZ, and 

ICU contact pressure for >4 days.

A case–control study published in 2014 identified in 

univariate analysis the following risk factors for XDR AB-

associated HCAIs: bed rest over 30 days, hemodialysis with 

catheter placement, tracheotomy and prior use of glycopep-

tides, carbapenems, PIP/TAZ, and fourth-generation cepha-

losporins. In the multivariate analysis, independent factors 

have been observed: bed rest for 30 days and prior use of 

imipenem, meropenem, PIP/TAZ, and fourth-generation 

cephalosporins.30

In another study performed in 2015, the main risk fac-

tors for XDR AB were previous carbapenem use and high 

Sequential Organ Failure Assessment score and for pan drug-

resistant AB, previous use of colistin, carbapenems, and high 

Simplified Acute Physiology Score.31

Similarly, the use of broad-spectrum antibiotics such as 

carbapenems and PIP/TAZ and also central venous catheters 

were identified as risk factors independently associated with 

XDR-AB bacteremia.32

In another study, prior exposure to carbapenems, use of 

mechanical ventilation, and chronic kidney disease were 

independent factors associated with imipenem-resistant 

Gram-negative bacilli septicemia.33

Since 2003, Tumbarello et al34 identified infections caused 

by MDR Providencia stuartii as an emerging problem, with 

the risk factors for these infections being advanced age, 

previous hospitalization, neoplastic disease, and previous 

antibiotic therapy with cephalosporins, quinolones, or 

aminoglycosides.

The study limitations are based on the particular epide-

miological situation found in a single ICU with a specific pro-

gram of infection control measures. In addition, monitoring 
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only during hospitalization in the ICU has created problems 

in identifying exposure to certain risk factors, in particular, 

previous antibiotic use or immunosuppressive therapy.

Conclusion
This association of XDR AB and XDR Proteeae may well 

not be limited to our hospital or our geographical area. This 

problem could be found throughout the world.

Independent risk factors for the association of XDR-AB 

and XDR-Proteeae were represented by the presence of tra-

cheostomy and naso-/orogastric nutrition ≥8 days. In addition, 

pressure ulcers were independent predictive factors for all the 

three studied MDROs infections. Previous antibiotic therapy 

was an independent risk factor for the acquisition of XDR-AB 

strains, alone or in association, while the prolonged hospi-

talization in the ICU, blood transfusion, and hemodialysis 

appeared to be independent risk factors for single infections.
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Supplementary material

Figure S1 Study design.
Abbreviations: AB, Acinetobacter baumannii; HCAIs, health care-associated infections; ICU, intensive care unit; XDR, extensively drug-resistant.

Patients admitted in the ICU between Janurary 2016 and December 2016

Exclusion criteria:
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    the ICU
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    the ICU
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