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aDepartment of Chest Diseases, Mersin University School of Medicine, Mersin, Turkey
bDepartment of Infection Disease, Mersin University School of Medicine, Mersin, Turkey
cDepartment of Cardiovascular Surgery, Mersin University School of Medicine, Mersin, Turkey
Key Words:
Acinetobacter baumannii
Outcome
Simplified Acute Physiology Score II
SAPS II
Ventilator-associated pneumonia
* Address correspondence to Elif Sahin Horasan, MD
Üniversitesi Tıp Fakültesi Hastanesi, Enfeksiyon Ha
caddesi, 33079-Mersin, Turkey.

E-mail address: sahinelif@gmail.com (E.S. Horasan
Conflicts of interest: None to report.

0196-6553/$36.00 - Copyright � 2014 by the Associa
http://dx.doi.org/10.1016/j.ajic.2013.09.003
Acinetobacter baumannii is characterized by a rapid development of resistance to the commonly used
antimicrobial agents. We investigated the risk factors, clinical features, and outcomes in ventilator-
associated pneumonia (VAP) caused by extensive drug-resistant Acinetobacter baumannii (XDRAB).
Clinical parameters and overall in-hospital mortality rates were compared between the VAP with and
without XDRAB infection groups. This study showed that VAP caused by XDRAB was not associated with
in-hospital mortality. However, it was related to high Simplified Acute Physiology Score II scores and
increasing durations of hospital stays.
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Acinetobacter baumannii is a gram-negative coccobacillius that is
particularly associatedwith ventilator-associated pneumonia (VAP)
in intensive care units (ICU). VAP is a very important infection
associated with an increased length of stay in ICUs, high mortality
rate, and high cost of health care.1,2

To the best of our knowledge, A baumannii is characterized by a
rapid development of resistance to the commonly used antimi-
crobial agents. This characteristic makes the treatment of infection
particularly difficult and is the main reason for A baumannii spread.
Recently, various studies have shown that longer periods of hos-
pitalization, longer time onmechanical ventilation, and prior use of
antibiotics are the recognized factors increasing the risk of VAP
because of multidrug-resistant (MDR) Acinetobacter infection. MDR
Acinetobacter is related to high morbidity and mortality. A few
studies reported that A baumannii has emerged as a MDR organism
moving toward panresistance.2-6

However, data about clinical findings and mortality of A
baumannii (extensive drug-resistant Acinetobacter baumannii
[XDRAB]) infection in VAP are limited. Therefore, we investigated
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the risk factors, clinical parameters, and outcomes in patients with
VAP caused by XDRAB.

MATERIALS AND METHODS

Study participants

A retrospective cohort study was performed in a 40-bed,
medical-surgical, adult ICU at the Medical School of Mersin Uni-
versity in Turkey. Our hospital is a 402-bed, tertiary care, general
hospital in Mersin. Patients with VAP because of Acinetobacter re-
ported by the computerized online infectious disease surveillance
and control system from June 2006 to June 2010 were retrospec-
tively reviewed.

Definitions

We included all patients who had been hospitalized in the ICUs
for more than 48 hours during the study period. The patients were
enrolled consecutively and followed until VAP diagnosis, death, or
discharge from the ICU. VAP was considered in the presence of a
new or persistent (�48 hours) and progressive radiographic infil-
trate, consolidation, cavitation, or pleural effusion, plus at least 2 of
the following: (1) temperature of � 38�C or < 35�C; (2) purulent
tracheal secretions or a change in characteristics of sputum; or (3)
Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.
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Table 1
Demographic and clinical characteristics of the patients

Sex (M/F), n 79/55
Age, y* 53.2 � 21.0
Admission SAPS II score* 32.8 � 15.1
Comorbidity, Charlson index* 2.6 � 2.0 (1-9)
Origin of patients, %
Medical 60.4
Surgery 39.6

Reintubation VAP, % 19.0
Days of mechanical ventilation before VAP* 11.1 � 8.0
Hospital-days before VAP* 17.9 � 11.6
Length of stay in the ICU, days* 24.4 � 14.5
Length of stay in the hospital, days* 31.2 � 16.0
Mortality, n (%) 113 (84.3)

ICU, intensive care unit; SAPS II, Simplified Acute Physiology Score II; VAP, ventilator-
associated pneumonia.
*Values are presented as mean � standard deviation.

Table 2
Comparison of clinical data for pneumonia-related characteristics in VAP patients
with XDRAB and non-XDRAB

Non-XDRAB
(n ¼ 100)

XDRAB
(n ¼ 34)

P
value

Age, y* 54.8 � 20.9 48.4 � 20.9 .124
Admission SAPS II score* 31.2 � 15.2 37.6 � 14.2 .034y

Comorbidity, Charlson index* 2.6 � 2.0 2.5 � 1.9 .784
Origin of patients, % .320
Medical 58.0 67.6
Surgery 42.0 32.4

Days of mechanical ventilation before VAP* 10.5 � 7.5 12.3 � 9.1 .311
Hospital days before VAP* 16.5 � 10.0 20.9 � 14.1 .078
Length of stay in the ICU (days)* 21.7 � 11.9 30.4 � 17.9 .005y

Length of stay in the hospital (days)* 27.8 � 13.2 39.0 � 18.9 .001y

Reintubation VAP, % 17.4 22.6 .586
Mortality, % 84 85.3 .858

ICU, intensive care unit; SAPS II, Simplified Acute Physiology Score II; VAP, ventilator-
associated pneumonia.
*Values are presented as mean � standard deviation.
yStatistically significant.
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leucocytosis (>10,000 white blood cells/mm3) or leucopenia
(<4,000 white blood cells/mm3). The diagnosis was confirmed by
positive microbial cultures of sputum or tracheal aspirate: (1)
nonprotected bronchoscopic specimen cultures � 106 colony-
forming units (cfu)/mL, (2) specimen cultures obtained by trans-
bronchial aspirate � 105 cfu/mL, and (3) protected bronchoscopic
lavage cultures � 104 cfu/mL.1

MDR was defined as nonsusceptibility to 3 or more of
the following antimicrobials or groups of antimicrobials: amino-
glycosides, antipseudomonal-penicillin-b-lactamase inhibitor
combinations, antipseudomonal carbapenems, antipseudomonal
fluoroquinolones, trimethoprim-sulfamethoxazole, cephalospo-
rins, ampicillinsulbactam, polymyxins, or tetracyclines. XDR was
defined as nonsusceptibility to all the above antimicrobials except
polymyxins and tigecycline.7 Bacterial isolation and antimicrobial
susceptibility testing were performed in accordance with Clinical
and Laboratory Standards Institute methodology.8

Data about demographics, diagnoses of the patients on admis-
sion, duration of mechanical ventilation before VAP, length of ICU
and hospital stay, survivors, nonsurvivors, Simplified Acute Physi-
ology Score II (SAPS II) score at admission,9 Charlson comorbidity
index, bacterial etiology and culture results, and in-hospital mor-
tality were collected. Clinical parameters, microbiologic data, and
overall in-hospital mortality were compared between the VAP with
and without XDRAB infection groups.
Statistical analysis

SPSS 16.0 (SPSS Inc, Chicago, IL) was used for statistical analyses.
P values of < .05 were considered significant. Binary logistic
regression analysis was used to assess the risk factors associated
with XDRAB infection in VAP. Our analysis was a binary logistic
regression with the dependent variable of XDRAB infection and
with independent variable of age, sex, SAPS II, diagnoses of the
patients on admission, reintubation, duration of mechanical
ventilation before VAP, and length of ICU and hospital stay.
RESULTS

A total of 134 patients with microbiologically confirmed VAP
because of Acinetobacter was evaluated. Demographic and clinical
characteristics of the patients are presented in Table 1. In general,
VAP occurred after the first intubation in 81 of the participants. All
participants were appropriately treated for concurrent organisms
with additional antimicrobial agents that demonstrated in vitro
susceptibilities.
As seen in Table 2, 2 groups were similar with respect to age,
Charlson comorbidity index, origin of patients, duration of hospi-
talization, and mechanical ventilation prior to the development of
VAP, rate of reintubation because of VAP, and mortality. VAP caused
by XDRAB was not associated with in-hospital mortality (P ¼ .858).
The SAPS II score was higher in the patients with XDRAB infection
compared with the patients with non-XDRAB infection at ICU
admission (37.6 � 14.2 and 31.2 � 15.2, respectively; P ¼ .034). In
patients with VAP caused by XDRAB, length of stay in the ICU and in
the hospital increased significantly (30.4 � 17.9 vs 21.7 � 11.9 days,
P ¼ .005 and 39.0 � 18.9 vs 27.8 � 13.2 days, P ¼ .001, respectively)
(Table 2).

To assess the risk factors associatedwith XDRAB infection binary
logistic regression analysis was used. The incidence of VAP caused
by XDRAB increased with a higher length of stay in the hospital
(odds ratio,1.06; 95% confidence interval: 1.026-1.097, P¼ .001) and
higher SAPS II score (odds ratio, 1.95; 95% confidence interval:
1.154-3.301, P ¼ .013).
DISCUSSION

Patients with VAP caused by XDRAB had higher SAPS II scores,
longer length of ICU stay, and longer hospital stay. A baumannii is
one of themost important VAP pathogens and has the reputation of
causing outbreaks in ICUs. A baumannii-related infection usually
leads to significant morbidity andmortality. Frequent, unnecessary,
or longer use of antibiotics results in a selection favoring resistant
bacteria. MDR A baumannii has been reported worldwide and is
now recognized as one of the most difficult health care-associated
infections to control and treat. However, XDRAB has rarely been
reported.10,11

Longer hospital stay, ICU stay, longer time on mechanical
ventilation, exposure to antimicrobial agents, colonization pres-
sure, invasive procedures, underlying severity of illness, and rein-
tubation are the recognized factors increasing the risk of MDR A
baumannii infection.3,5,6 In patients with VAP caused by XDRAB,
length of stay in ICUs and in hospital increased significantly
(P ¼ .001). Additionally, we found that patients with XDRAB were
older and had longer duration of mechanical ventilation prior to the
development of VAP and higher rate of reintubation because of
VAP compared with patients without XDRAB, although the differ-
ence was not statistically significant.

In our study, patients with VAP caused by XDRAB had higher
SAPS II scores at ICU admission (P ¼ .034). The patients with high
SAPS II scores treated with broad-spectrum antibiotics for longer
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durations in ICU. It is known that use of broad-spectrum antibiotics
is related with resistance.12

Mortality rates of 30% to 75% have been reported for nosocomial
pneumonia caused by A baumannii, with the highest rates reported
in ventilator-dependent patients. In a study of patients with VAP,
mortality associated with A baumannii was 75%, compared with
55% for VAP caused by other organisms (P < .05).13 However,
mortality rates for patients with MDR A baumannii infections were
not significantly higher from patients without MDR A baumannii
infections in a study in hospitalized patients.14 Our findings also
showed a high hospital mortality rate in patients with A baumannii
infections, but resistance of A baumannii was not associated with
mortality (P¼ .858). In conclusion, XDRAB infections have occurred
more frequently in patients with high SAPS II scores, exposure to an
ICU, and prolonged length of hospital stay.
References

1. American Thoracic Society and Infectious Diseases Society of America. Guide-
lines for the management of adults with hospital-acquired, ventilator-associ-
ated, and health care-associated pneumonia. Am J Respir Crit Care Med 2005;
171:388-416.

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

3. Playford EG, Craig JC, Iredell JR. Carbapenem-resistant Acinetobacter baumannii
in intensive care unit patients: risk factors for acquisition, infection and their
consequences. J Hosp Infect 2007;65:204-11.
4. Robertino M, Mera L, Miller A, Amrine-Madsen H, Sahm DF. Acinetobacter
baumannii 2002-2008: increase of carbapenem-associated multiclass resis-
tance in the United States. Microb Drug Resist 2010;16:209-15.

5. Zavascki AP, Carvalhaes CG, Picao RC, Gales AC. Multidrug-resistant Pseudo-
monas aeruginosa and Acinetobacter baumannii: resistance mechanisms and
implications for therapy. Expert Rev Anti Infect Ther 2010;8:71-93.

6. Xie DS, Xiong W, Lai RP, Liu L, Gan XM, Wang XH, et al. Ventilator-associated
pneumonia in intensive care units in Hubei Province, China: a multicentre
prospective cohort survey. J Hosp Infect 2011;78:284-8.

7. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et al.
Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria:
an international expert proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect 2012;18:268-81.

8. Clinical and Laboratory Standards Institute. Performance standards for anti-
microbial susceptibility testing: seventeenth informational supplement.
Wayne [PA]: Clinical and Laboratory Standards Institute; 2007. p. 100-17.

9. Le Gall JR, Lemeshow S, Saulnier F. A new simplified physiology score (SAPS II)
based on a European/North American multicentre study. JAMA 1993;270:
2957-63.

10. Chuang YY, Huang YC, Lin CH, Su LH, Wu CT. Epidemiological investigation
after hospitalising a case with pandrug-resistant Acinetobacter baumannii
infection. J Hosp Infect 2009;72:30-5.

11. Saleem AF, Ahmed I, Mir F, Ali SR, Zaidi AK. Pan-resistant Acinetobacter
infection in neonates in Karachi, Pakistan. J Infect Dev Ctries 2009;4:30-7.

12. Falagas ME, Kopterides P. Risk factor for the isolation of multi-drug-resistant
Acinetobacter baumannii and Pseudomonas aeruginosa: a systematic review of
the literature. J Hosp Infect 2006;64:7-15.

13. Fagon JY, Chastre J, Domart Y, Trouillet JL, Pierre J, Darne C, et al. Nosocomial
pneumonia in patients receiving continuous mechanical ventilation: prospec-
tive analysis of 52 episodes with use of a protected specimen brush and
quantitative culture techniques. Am Rev Respir Dis 1989;139:877-84.

14. Sunenshine RH, Wright MO, Maragakis LL, Harris A, Song X, Hebden J, et al.
Multidrug-resistant Acinetobacter infection mortality rate and length of hos-
pitalization. Emerg Infect Dis 2007;13:97-103.

http://refhub.elsevier.com/S0196-6553(13)01214-5/sref1
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref1
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref1
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref1
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref2
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref2
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref2
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref3
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref3
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref3
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref4
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref4
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref4
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref5
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref5
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref5
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref6
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref6
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref6
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref7
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref7
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref7
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref7
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref8
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref8
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref8
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref9
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref9
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref9
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref10
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref10
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref10
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref11
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref11
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref12
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref12
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref12
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref13
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref13
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref13
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref13
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref14
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref14
http://refhub.elsevier.com/S0196-6553(13)01214-5/sref14

	Ventilator-associated pneumonia due to extensive drug-resistant Acinetobacter baumannii: Risk factors, clinical features, a ...
	Materials and methods
	Study participants
	Definitions
	Statistical analysis

	Results
	Discussion
	References


