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Background and Purpose: To evaluate the significance of multidrug-resistant Acinetobacter baumannii (MDRAB)-
related ventilator-associated pneumonia at a medical center in southern Taiwan.
Methods: We retrospectively reviewed the medical records of patients with MDRAB isolated from sputum and
described the characteristics of these patients. Patients were divided into 2 groups according to their clinical
pulmonary infection scores (CPIS), and their host factors and outcomes compared.
Results: In the patient group with significant MDRAB-related lung infection, Acute Physiology and Chronic Health
Evaluation II scores were significantly higher than in those patients with lower CPIS scores (<6). However, the
clinical outcomes, including the duration of hospitalization after isolation of MDRAB and mortality rate, were
not different.
Conclusion: Our investigation showed that significant lung infections with MDRAB isolation did not result
in prolonged hospitalization or increased mortality. The initial clinical severity of the group with significant
MDRAB-related lung infection was significantly greater than in the other. We propose that MDRAB-related
pneumonia should be regarded as a signal of the clinical severity of the patient rather than as a prognostic
factor.
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Introduction

Acinetobacter baumannii is a relatively harmless
pathogen that has the ability to survive on equipment
surfaces for long periods [1]. However, nosocomial
infections and hospital-wide outbreaks caused by A.
baumannii have increased in recent decades. Several
antibiotics, such as carbapenem and amikacin, have
been used in the treatment of A. baumanni infections,
and may be the reason behind the appearance of resistant
strains [2]. Initial concern about multidrug-resistant
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A. baumannii (MDRAB) was neglected until the first
nosocomial outbreak occurred in the USA in 1991 [3].
With increasing reports of nosocomial infections caused
by MDRAB worldwide, several groups have studied the
risk factors and treatment of MDRAB-related blood-
stream infections [2,4,5]. One study described the poor
outcome of MDRAB-related bloodstream infections
and the associated difficulty in selecting antibiotic
treatment [4]. However, very few studies have addressed
the significance of MDRAB infection in patients with
pneumonia.

This study describes the characteristics of patients
from whose sputum MDRAB was isolated. We used clin-
ical criteria to define the significance of lung infection
and its effect on clinical outcome.
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Methods

Patients
This study was conducted at the Kaohsiung Veterans
General Hospital, a 1250-bed hospital located in
southern Taiwan. All sputum specimens obtained from
adult inpatients that yielded MDRAB between March
2004 and October 2005 were retrospectively identified
from laboratory records. All relevant information, in-
cluding demographic data, host and therapeutic risk
factors, laboratory and bacteriology results, antibiotic
therapy, and outcome were gathered from medical and
laboratory records. Acute Physiology and Chronic Health
Evaluation (APACHE) II scores were used to estimate
the severity of clinical condition before MDRAB iso-
lation, when the severity was greatest.

Definitions
MDRAB was defined as an isolate of A. baumannii
resistant to all antibiotics tested routinely (including
amikacin, quinolones, ceftazidime, cefepime, and
carbapenem), except polymyxin E and ampicillin-
sulbactam. Susceptibility testing of polymyxin E is
not available in our microbiology laboratory; the
susceptibility rate of MDRAB to ampicillin-sulbactam
was around 47%. Species identification and anti-
microbial susceptibility testing were done using the
Phoenix NMIC/ID panel (Becton Dickinson and
Company, Franklin Lakes, NJ, USA).

A clinical pulmonary infection score (CPIS) was
used to define significant lung infection, and this scoring
system included both clinical and laboratory aspects,
i.e., body temperature, leukocyte count, the amount and
appearance of tracheal secretion, chest film findings
and results, arterial blood gas data, demanded oxygen
pressure fraction, sputum smear, and culture results.
Pugin and coworkers first proposed CPIS to aid in the
clinical diagnosis of ventilator-associated pneumonia
[6]. Subsequently, Singh et al defined patients with
pulmonary infiltration and CPIS >6 as those who needed
antibiotic treatment [7]. Patients with CPIS >6 points
in the period of 1 day around the time of MDRAB
isolation were identified as having significant lung
infections and included in the analysis.

Statistical analysis
Fisher’s exact test was used to analyze differences in
discrete variables and the Mann-Whitney rank sum test
was used to analyze continuous variables. All statistical
analyses were done using the Statistical Package for

the Social Sciences (SPSS) software (Version 12.0; SPSS
Chicago, IL, USA). A p value <0.05 was considered
statistically significant.

Results

Demographic characteristics of patients
During the study period, sputum specimens from 81
patients tested positive for MDRAB. However, as 6
patients did not require mechanical ventilator support,
75 patients were included in the study. Of these, 32
patients (42.7%) had CPIS scores >6 points, and their
MDRAB-related lung infections were regarded as sig-
nificant. They were mostly male (56, 74.6%), with an
average patient age of 70.9 years (range, 15-92).

Clinical symptoms in the 75 MDRAB-positive
patients included underlying hypertension (49.3%),
diabetes mellitus (41.3%), chronic obstructive pul-
monary disorder (26.7%) and malignancy (18.7%).
Other underlying conditions, such as chronic renal
disease (5.3%) and liver cirrhosis (2.7%), were less
common. The average duration of hospitalization was
44.7 days (range, 1-163) and the median APACHE II
score was 20 (range, 9-37), which represented the
predictive mortality rate of around 35%. However, the
crude mortality of these patients was 52%. During
hospitalization, antibiotics used within the month
prior to MDRAB isolation included aminoglycosides
(44 patients), quinolones (17 patients), carbapenems
(16 patients), vancomycin (16 patients), sulbactam
(14 patients), and third- or fourth-generation cephalo-
sporins (9 patients). Only 17 of the 75 patients received
antibiotic treatment directed at MDRAB, such as
ampicillin-sulbactam.

CPIS scoring
The medical records of 75 patients under mechanical
ventilator support, whose sputum specimen yielded
MDRAB, were reviewed. The 75 patients were divided
in 2 groups: CPIS >6 and CPIS ≤6. The demographic
characteristics and underlying conditions are listed in
Table 1. There was no statistical difference with respect
to age and gender. The duration of hospitalization
following MDRAB isolation was also not significantly
different. However, the initial clinical severity was
greater in the group with CPIS >6 (APACHE II median,
22 vs 18; p=0.01). The incidence of underlying diseases,
including diabetes, hypertension, liver cirrhosis, chronic
heart diseases, chronic renal diseases, chronic obstructive
pulmonary disorder and malignancy, was not statistically
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different, and there was also no statistical difference
between the crude mortality of these 2 groups.

Treatment and outcome
In the 32 patients with significant lung infections, 12
patients received ampicillin-sulbactam after micro-
biology reports showed MDRAB. According to the
susceptibility tests, MDRAB was susceptible to
ampicillin-sulbactam in nine of 12 patients whose
CPIS score was >6, and these received ampicillin-
sulbactam treatment (Group 1). The other 23 patients
who did not receive in vitro-active antibiotics were
managed according to their clinical presentations and
the judgment of infectious disease specialists (Group
2). The demographic characteristics and underlying
conditions of the 2 groups are compared in Table 2.
There was no difference in gender, age, and APACHE II
scores between the 2 groups. Two outcome variables,

duration of hospitalization (including ordinary ward and
intensive care unit) following MDRAB isolation and
mortality rate, were compared (Table 2). The period
of hospitalization was statistically longer in Group
1 patients (30.3 ± 15.9 vs 22.7 ± 31.6, p=0.02). The
mortality rate was 22.2% (2/9) in patients who received
antibiotics active against MDRAB in vitro, and 60.8%
(14/23) in those who did not (p=0.11).

Discussion

A. baumannii infections were often ignored in the past,
as the organism was known to widely colonize the sur-
face of equipment and its low virulence was common
knowledge. In recent years, however, several studies
have reported that MDRAB could be a serious concern
in hospital-acquired infections and for infection control
strategies. Epidemiologic surveys of several large

Table 2. Demographic characteristics and clinical outcome of 32 patients treated with or without in vitro-active drug(s) and with
clinical pulmonary infection score >6

Characteristic
Treated with in vitro- Treated without in vitro-

p
active drug(s) [n = 9] active drug(s) [n = 23]

Age (years; mean ± SD) 73.3 ± 10.8 73.1 ± 10.9 0.46
Hospitalizationa (days; mean ± SD) 30.3 ± 15.9 22.7 ± 31.6 0.02
APACHE II score (median) [range] 20 (11-33) 20 (12-37) 0.29
Male gender (no.) [%] 8 (88.9) 18 (78.3) 0.45
Deaths (no.) [%] 2 (22.2) 14 (60.8) 0.11

Abbreviations: SD = standard deviation; APACHE = Acute Physiology and Chronic Health Evaluation
aInterval between time of multidrug-resistant Acinetobacter baumannii isolation and discharge.

Table 1. Demographic characteristics and clinical outcome of patients with multidrug-resistant Acinetobacter baumannii (MDRAB)
isolated from sputum

Characteristic
Total (n = 75) CPIS >6 (n = 32) CPIS ≤6 (n = 43)

p
No. (%) No. (%) No. (%)

Age (years; mean ± SD) 70.9 ± 14.6 73.1 ± 10.7 69.3 ± 16.8 0.32
Hospitalizationa (days; mean ± SD) 24.3 ± 24.1 24.8 ± 28.1 23.9 ± 21 0.48
APACHE II score (median) [range] 20 (9-37) 22 (11-37) 18 (9-35) 0.01
Male gender 56 (74.7) 26 (81.2) 30 (69.8) 0.20
Sulbactam-based antibiotic treatment 17 (22.7) 12 (37.5) 5 (11.6) 0.12
Underlying disease

Hypertension 37 (49.3) 16 (50.0) 21 (48.8) 0.55
Diabetes mellitus 31 (41.3) 13 (40.1) 18 (41.9) 0.55
Chronic obstructive pulmonary disease 20 (26.7) 11 (34.4) 9 (21.0) 0.15
Malignancy 14 (18.7) 3 (9.4) 11 (25.6) 0.07
Chronic heart disease 10 (13.3) 5 (15.6) 5 (11.6) 0.43
Chronic renal disease 4 (5.3) 1 (3.1) 3 (7.0) 0.43
Liver cirrhosis 2 (2.7) 1 (3.1) 1 (2.3) 0.67

Deaths 39 (52.0) 16 (50.0) 23 (53.5) 0.47

Abbreviations: CPIS = clinical pulmonary infection score; SD = standard deviation; APACHE = Acute Physiology and Chronic Health
Evaluation
aInterval between time of MDRAB isolation and discharge.
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outbreaks have used methods such as antibiogram
typing [8], pulsed-field gel electrophoresis [9], and arbi-
trarily primed polymerase chain reaction [10] to find
resolutions to these outbreaks. Studies have reported
that sufficient hand washing and barrier precautions
involving colonized and infected patients, their beds,
and the surrounding equipment are important require-
ments [11,12]. Wang et al found that prior exposure
to third-generation cephalosporins, fluoroquinolones,
and carbapenems was associated with the subsequent
development of MDRAB in patients [2]. In our study,
30 patients (40%) had prior exposure to at least one of
these antibiotics.

The MDRAB strain was resistant to all routinely
used antibiotics, except polymyxin E and ampicillin-
sulbactam. Several antibiotic regimens have been
reported as effective, including monotherapy (such as
sulbactam, sulbactam-ampicillin, and polymyxin E)
and combination therapies (such as imipenem plus
sulbactam, imipenem plus amikacin, and imipenem
plus rifampicin) [13-15]. However, the issue of whether
or not to treat MDRAB infections still remains. One
study of the use of sulbactam-ampicillin in MDRAB
bloodstream infections showed that sulbactam-
ampicillin use reduced the mortality rate from 91.7%
to 41.4% [4]. The results showed that MDRAB should
be treated appropriately, if isolated from the blood-
stream. On the other hand, Mahgoub et al have proposed
that colonization with MDRAB does not necessarily
portend a worse outcome and that it seems merely to be
a marker associated with certain risk factors [5]. The
present study found that the duration of hospitalization
and crude mortality were not statistically different in
the 2 groups despite higher APACHE II scores in patients
with CPIS >6 and irrespective of whether MDRAB
caused a significant lung infection or not. However, in
the 9 patients with CPIS >6, there was a trend towards
reduced mortality with ampicillin-sulbactam treatment.
This aspect, however, needs further study. Besides,
contact isolation of patients is performed in our hospital
following MDRAB isolation, and such intervention may
have improved prognosis.

Accurate diagnostic criteria for the reliable diag-
nosis of pneumonia do not exist. In this study, we used
CPIS as the criterion to discern significant lung in-
fections that required further intervention despite the
specificity and sensitivity of CPIS being only around
56% and 78% [16]. Nevertheless, we used CPIS data
because of our need for an objective criterion for the
screening of patients. Another drawback of the study

is that these cases of MDRAB-related pneumonia were
not evaluated by bronchoalveolar lavage to distinguish
between instances of true infection and colonization. In
spite of this, we can conclude that clinically, MDRAB-
related lung infection should be regarded as an indicator
of the clinical severity rather than as a prognostic factor
for patients with ventilator-associated pneumonia.

In conclusion, MDRAB-related bloodstream in-
fections should be treated because of the associated
improved outcome. However, pneumonia associated
with MDRAB may be merely a marker of poor clinical
condition. We propose that treatment of MDRAB
culture-positive pneumonia should be based on clinical
observation and experience, and treatment directed
at MDRAB is recommended only when true infection
caused by MDRAB is confirmed by isolation from
bronchoalveolar lavage.
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