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Abstract Acinetobacter spp. are increasingly reported as
important causes of human infection. Many isolates exhibit
multi-drug resistance, raising concerns over our ability to
treat serious infections with these organisms. The impact of
infection on clinical outcome as well as the importance of
multi-drug resistance is poorly defined. A descriptive
retrospective observational study was undertaken of all

episodes of Acinetobacter bacteremia occurring in a UK
tertiary care centre from 1998–2006. Demographics of
infected patients, characteristics and antimicrobial suscep-
tibility of infecting strains were recorded and the impact
of antimicrobial therapy on all causes of 30-day mortality
assessed. Three hundred ninety-nine episodes of Acineto-
bacter bacteremia were identified, with A. baumannii being
the most frequently isolated species. Most episodes
occurred in critical care and were associated with multidrug
resistance, with carbapenem resistance rising from 0% in
1998 to 55% in 2006. Although bacteremia due to
carbapenem-resistant Acinetobacter and a requirement for
critical care were associated with a higher mortality,
mortality was not reduced by the administration of
appropriate empirical antimicrobial therapy. A prospective
study is required to identify both the most effective
intervention and those most likely to benefit from treatment.

Introduction

The genus Acinetobacter consists of a number of species of
non-fermentative gram-negative rods within the family
Moraxellaceae. These organisms are considered opportunis-
tic pathogens, with A. baumannii in particular increasingly
reported as an important cause of ventilator-associated
pneumonia, bacteremia and sepsis in patients with burns,
immunosuppression and critical illness. Much of the concern
surrounding A. baumannii infection arises from the high
rates of resistance to antimicrobial agents. Multidrug-
resistant strains of A. baumannii (MRAB) resistant to all
β-lactams, fluoroquinolones and aminoglycosides have been
circulating in the UK since 2001. Although these are
generally susceptible to the polymyxin fomulation colistin
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and the glycylcycline tigecycline [1], ‘pan-resistant’ isolates
have been reported elsewhere [2]. Whilst much attention has
focused on the mechanisms of antimicrobial resistance and
the implications for infection control, the contribution of
A. baumannii infection to morbidity and mortality remains
poorly defined.

Isolation of Acinetobacter from wounds or respiratory
samples may represent colonization rather than infection;
Acinetobacter bacteremia may be a more useful indicator of
true infection. Previous studies of Acinetobacter bacteremia
have reported conflicting results. One retrospective study of
A. baumannii bacteremia quoted a mortality of 22% [3],
whilst a matched cohort study could find no significant
attributable effect [4]. Some studies have also attempted to
address the contribution of multidrug resistance. A study by
Falagas et al. [5] suggested that inappropriate empirical
antimicrobial therapy was independently associated with a
poor clinical outcome. Although this study included a small
number of MRAB strains susceptible only to polymyxin,
there has been no large series involving infection with a
common clone. Isolates susceptible only to polymyxin and
tigecycline, typical of the prevalent UK MRAB strains,
have been recovered from patients in our hospital since
2001. In view of the controversy regarding the clinical
importance of Acinetobacter infection and the implications
for empirical antibiotic regimens in the setting of endemic
MRAB, we set out to undertake a retrospective analysis of
all episodes of Acinetobacter bacteremia seen in our
hospital over an 8-year period. The changing epidemiology,
strain-dependent risk factors for infection as well as the role
and impact of antimicrobial therapy for the treatment of
MRAB are reviewed.

Materials and methods

Episodes of bacteremia were identified by a search of the
clinical microbiology laboratory database (Barts and The
London NHS Trust) from April 1998 to September 2006.
This laboratory serves both the local community and a
973-bed teaching hospital. Anonymised demographic and
laboratory data were collected from the electronic patient
record and patient administration systems as available.
Isolates were identified by biochemical profiling using
API 20NE augmented from January 2005 by sequencing
of the 16S rRNA gene when API 20NE gave unsatis-
factory results. Isolates identified as members of the
A. baumannii/calcoaceticus complex were grouped with
A. baumannii. Those that could not reliably be identified
were considered Acinetobacter spp. Antimicrobial sus-
ceptibility testing was performed by the British Society
for Antimicrobial Chemotherapy (BSAC) disc diffusion
method.

A retrospective observational study was conducted to
determine the epidemiology, risk factors and outcome of
Acinetobacter bacteremia. Data collected included infecting
species, age, sex, co-morbid conditions, requirement for
critical care and antimicrobial therapy administered. For a
subgroup of patients nursed in intensive care with bacteremia
due to A. baumannii, APACHE II scores were obtained from
a review of the Intensive Care National Audit and Research
Centre (ICNARC) database. The main outcomes were
distribution of infecting species, 30-day mortality and impact
of antimicrobial therapy.

Nosocomial infection was defined as infection occurring
>48 h after admission. Isolation of Acinetobacter spp. from
repeat blood cultures sets taken less than 48 h apart was
considered as a single episode of bacteremia. Acinetobacter
spp. isolated from repeat blood culture sets that differed in
antimicrobial resistance profiles by ≥2 agents were consid-
ered as separate episodes of bacteremia. Isolation of
Acinetobacter spp from repeat blood cultures sets taken
>48 h apart and <5 days apart when the patient was
receiving appropriate antimicrobial therapy was defined as
‘breakthrough bacteremia’. Isolation of Acinetobacter spp
from a second episode of bacteremia in a patient receiving
inappropriate therapy was defined as ‘persistent bacter-
emia’. A second episode of bacteremia occurring after the
patient had received more than 5 days of appropriate
therapy was defined as ‘relapse’. Multidrug resistance
(MRAB) was defined as resistance to third-generation
cephalosporins combined with aminoglycosides or quino-
lones; isolates also resistant to carbapenems were termed
MRAB-C. Empirical antimicrobial therapy was defined as
therapy started before the organism was identified in blood
cultures or the sensitivities were not known. Therapy was
also classified as either appropriate or inappropriate based
on the in vitro susceptibility of the organism to the
antimicrobial agents used.

Analysis of death within 30 days was restricted to adults,
as no children (<18 years) died. Bacteremias more than
30 days after a previous bacteremia were considered to be
independent of the presenting bacteremia; therefore, all
analyses were restricted to the first episode of bacteremia.
Stata 9 was used for all analyses (StataCorp. 2005 Stata
Statistical Software: Release 9. College Station, TX:
StataCorp LP).

Results and discussion

Three hundred ninety-nine episodes of Acinetobacter
bacteremia were identified in 363 individuals, of which
368 were classified as independent. A large increase in the
number of bacteremias was noted after the year 2000, with
the numbers more than doubling between 1999–2000 and
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peaking in 2002 (Fig. 1). This represents an increase from 2
episodes per 100,000 bed days in 1998 to 18/100,000 in
2005. One hundred four (26%) of the episodes were
considered community acquired, whilst 295 (74%) were
nosocomial infections. One hundred eighty-seven isolates
were identified as A. baumannii; 212 could not reliably be
identified beyond the genus Acinetobacter. The greatest
burden of A. baumannii bacteremia occurred in critical care
(52%) followed by surgical (13%), general medical (10%)
and oncology wards (7%). One hundred thirty-six isolates
(34%) met the definition of multidrug resistance (MRAB),
and 71 (52%) of these were also resistant to carbapenems
(MRAB-C). Strains identified as A. baumannii were
significantly more resistant than all other species to all
antibiotics except colistin (p<0.05). Resistance to carbape-
nems rose from 0% in 2000 to 55% in 2006 (Fig. 1) and
was significantly associated with a requirement for critical
care [p<0.01; OR=4.81, 95% CI (2.73–8.48)]. A summary
of the demographics and clinical characteristics of patients
with A. baumannii versus Acinetobacter spp bacteremia is
given in Table 1.

Male sex was a significant risk factor for MRAB-C
bacteremia [p<0.001; OR 3.39, 95% CI (1.76–6.54)].
Although the associations were not significant, the risk
was higher for adult men in critical care (OR=4.46 vs.
1.67). All except one episode in critical care was associated
with an indwelling catheter; outside of critical care the
presence of an indwelling catheter also independently
increased the risk, but not significantly [p=0.08; OR 2.64,
95% CI (0.89–7.8)]. For the 120 patients nursed in
intensive care, APACHE II scores were available for 43
individuals. The mean APACHE II score was 17 (range 7–
36, SD ±7) and the mean length of stay prior to bacteremia
in these individuals was 14 days (range 1–50, SD ±10).

Thirty-one bacteremias were repeat episodes. These were
classified as persistent bacteremia due to inappropriate
therapy (n=7), breakthrough bacteremia (n=2) and relapses

(n=22). Three patients relapsed twice, and one relapased
three times.

Data on antibiotics administered were available for
209 patients. The most common regimens used were
cephalosporins followed by quinolones and carbapenems.
Appropriate empirical therapy was administered to only
43% of patients with A. baumannii bacteremia versus 61%
of patients with Acinetobacter spp bacteremia. In patients
with MRAB-C bacteremia, appropriate empirical therapy
was given in only 23% of patients. Although appropriate
empirical therapy was less likely to be administered for
episodes in critical care [p=0.08; OR 0.56, 95% CI (0.29–
1.08)] when adjusted for carbapenem resistance, this was
not significant [p=0.53; OR 0.80, 95% CI (0.39–1.6)].

Twenty-five individuals died within 30 days of a
bacteremia, 22 of which were within 30 days of the
presenting episode. All deaths were in adults; risk and
odds ratios of death were calculated for adults dying within
30 days of the initial episode. The crude risk of death was

Table 1 Factors associated with episodes of Acinetobacter blood-
stream infection

Characteristic A. baumannii
(n=187)

Acinetobacter
spp. (n=212)

Male sex 109 (58%) 109 (51%)
Age
Mean ± SD 48±22 40±26
Range (years) 0–89 0–89
Carbapenem-resistant
Acinetobacter (MRAB-C n=71)*

67 (36%) 4 (1.9%)

Intravascular device (n=156)* 101 (54%) 55 (26%)
Critical care (n=120)* 98 (52%) 22 (10%)
Surgical ward (n=46) 25 (13%) 21 (9.9%)
Special care baby unit (n=10) 7 (3.7%) 3 (1.4%)
Renal ward (n=17) 7 (3.7%) 10 (4.7%)
Pediatric ward (n=53)* 8 (4.3%) 45 (21%)
Oncology ward (n=40) 13 (7.0%) 27 (13%)
Medical ward (n=67)* 18 (9.6%) 49 (23%)
Emergency room (n=46)* 11 (5.9%) 35 (17%)
Community acquired (n=104)* 20 (11%) 84 (40%)

Underlying disease or risk factor
Asplenic (n=2) 2 (1.0%) 0
Chronic liver disease (n=9) 3 (1.6%) 6 (2.8%)
Chronic lung disease (n=9) 2 (1.0%) 7 (3.3%)
Chronic renal disease (n=21) 12 (6.4%) 9 (4.2%)
Cystic fibrosis (n=1) 0 1 (0.5%)
Diabetes (n=11) 7 (3.7%) 4 (1.9%)
HIV (n=4) 0 4 (1.9%)
Malignancy (n=37) 14 (7.5%) 23 (10.8%)
Preterm (n=1) 1 (0.5%) 0
Renal transplant (n=3) 1 (0.5%) 2 (1.0%)
Sickle cell disease (n=1) 1 (0.5%) 0
None reported (n=160)* 62 (33%) 98 (46%)

*Significant p<0.01 (chi-square)

Fig. 1 Incidence of Acinetobacter bacteremia and carbapenem
resistance (95% confidence intervals shown) 1998–2006
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7.4% [95% CI (4.7–10.9%)]. The risk of death in those
with bacteremia due to Acinetobacter spp. was 3.9% [95%
CI (1.1–9.6)] and 11.3% [95% CI (6.7–17.4)] in those with
A. baumannii. In adults with MRAB-C the mortality
rate was 16.4% [n=9/55, 95% CI (7.8–28.8)] versus 5.4%
[n=13/243, 95% CI (2.9–9.0)] in those with carbapenem
susceptible Acinetobacter bacteremia (Fig. 2a). The odds
ratio for death within 30 days following bacteremia due to
MRAB-C was significant [p=0.007; OR=3.46, 95% CI
(1.40–8.57)]. However, mortality following Acinetobacter
bacteremia was significantly higher [14.6% versus 3.6%,
p=0.001; OR=4.58, 95% CI (1.80–11.6)] in patients nursed
in intensive care (Fig. 2d) and, following adjustment for
mortality associated with intensive care, the increased risk
of death following MRAB-C bacteremia was not significant
[p=0.093; OR=2.27, 95% CI (0.87–5.93)]. Mortality may
or may not have been influenced by empirical therapy.
Although 30-day mortality was 8.0% (7/88) in those
receiving appropriate therapy versus 13.5% (10/74) in
those started on inappropriate antibiotics (Fig. 2b), this
was not significant (p=0.25). There was insufficient power
in the study to detect an effect of empirical treatment in
those with MRAB-C. However, 33% (2/6) of those given
appropriate empirical treatment died compared with 27%
(7/26) of those given inappropriate empirical treatment. All
patients with MRAB-C who died after receiving appropriate
empirical therapy were treated with a regimen that included
colistin as the appropriate agent.

During the mid 1990s, carbapenem resistance emerged
worldwide in the genus Acinetobacter. Coupled with this
was a concomitant emergence of Acinetobacter spp. as a
nosocomial pathogen, raising concerns over treatment
options for this organism. As with the rest of the world,
the prevalence of carbapenem resistant Acinetobacter has
been increasing in the UK. In our institution resistance to
carbapenems in blood culture isolates rose from 0% in 2001
to >50% in 2006. This overall increase coincides with the
emergence of the MRAB-C OXA-23 clone-1 as the most
prevalent strain in London and South East England.
Analysis of isolates from our institution by the National
Reference Laboratory since 2001 confirms the dominance
of this clone [1].

The emergence of successful clones appears to have
resulted in a shift in the distribution of Acinetobacter
species associated with blood stream infection. In 1998
only one Acinetobacter isolate recovered from blood
culture was speciated as A. baumannii; by 2002 this figure
had risen to 47 and by 2006 A. baumannii accounted for
66% (n=22) of all Acinetobacter bacteremias (Fig. 1).
Although 124 isolates could still only be identified to the
genus, improved identification of A. baumannii following
the introduction of 16S sequence analysis post 2005 may
account for some of the observed increase in this species. It
should be emphasised that even using molecular methods
Acinetobacter are notoriously difficult to speciate, accurate
identification only being possible with reference methods

Fig. 2 Survival of patients with
Acinetobacter bacteremia; (a)
carbapenem-resistant versus
carbapenem susceptible strains
(p<0.01); (b) appropriate versus
inappropriate antimicrobial
therapy (not significant); (c)
appropriate versus inappropriate
therapy and intensive care
treatment; (d) intensive care
treatment versus no intensive
care treatment (p<0.01)
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such as ARDRA, AFLP and rpoB sequencing [6]. These
taxonomic difficulties are an important factor to consider
when comparing results across different studies.

Few studies have compared bacteremia due toA. baumannii
with non-baumannii species, although a recent retrospective
case-control study reported no difference in either clinical
outcome or underlying patient demographics [7]. In contrast,
we observed Acinetobacter spp bacteremia most frequently in
children and in bacteremia presenting from the community.
As non-baumannii species such as Acinetobacter lwoffii can
be carried on healthy human skin [8], it is possible that these
episodes represent pseudobacteremia or contamination of
blood culture sets particulary in children where blood cultures
may be difficult to take.

The majority of Acinetobacter bacteremias were noso-
comial, caused by A. baumannii and associated with
marked antimicrobial resistance. The unadjusted risk
factors associated with A. baumannii bacteremia were the
presence of an intravascular device and a requirement for
critical care. In other studies of nosocomial Acinetobacter
infection, advanced age, mechanical ventilation, renal
failure and prolonged hospital stay have all been identified
as important risk factors [9, 10]. It is possible that all these
parameters are simply surrogate markers of underlying
disease severity or a requirement for critical care. Controlling
for the effects of individual treatments, e.g., activated protein
C, tight glycaemic control and goal-directed therapy, is also
difficult. However, the widespread introduction of ‘care
bundles’ for the management of sepsis may be an opportunity
to recruit patients in future studies who have at least all
received the same standard of care. Another factor that may be
important is control of the source of infection. Intravascular
devices were identified as a potential source for Acinetobacter
bacteremia in our study. Although the standard of care in our
unit is to remove intravascular devices following an episode
of gram-negative bacteremia, we were unable to assess
compliance with this intervention retrospectively. There is a
wealth of data on the benefits of device removal following
bacteremia with other gram-negative bacteria, but few data
on its impact on Acinetobacter bacteraemia. The importance
of prompt removal of a colonised vascular access device as
well as the impact of antimicrobial treatment should
therefore be addressed.

Some authors have included the APACHE II score in the
analysis of Acinetobacter clinical outcomes. As the
APACHE II score is a parameter that in itself predicts
mortality, it is not surprising that an elevated score in
patients with A. baumannii bacteremia is associated with
enhanced mortality [11]. If the APACHE II score is to be
used in analyses of infections in intensive care, then cohorts
should be matched as described by Blot et al. [12]. The only
appropriately powered study we are aware of found that
A. baumannii bacteremia did not contribute to death [4].

An ongoing concern is whether carbapenem resistance,
as exhibited by MRAB-C strains, may have an effect on
treatment outcomes. The development of carbapenem
resistance clearly limits treatment options and may confer
a selective advantage in an environment where carbapenems
are extensively used. This has led some authors to propose
that agents such as polymyxin, which retain activity against
MRAB-C, be used empirically for the treatment of sepsis in
clinical areas where MRAB-C are established [13]. We
observed a significantly higher mortality amongst individ-
uals infected with a carbapenem-resistant strain, a finding
also reported in a recent study on mortality from MRAB-C
bacteremia in Korea [14]. However, we did not observe any
difference in mortality in patients who received appropriate
or inappropriate empirical antimicrobial therapy. In patients
with MRAB-C this was despite a delay in initiating
appropriate therapy as 77% were treated empirically with
an agent that was not active in-vitro. This suggests that
‘appropriate’ antimicrobial therapy is either ineffective or
makes only a small contribution to the outcome of
Acinetobacter bacteraemia.

In patients with MRAB-C the ‘appropriate’ agent used in
all cases was the colistimethate sodium preparation of
colistin, colomycin (Forest Laboratories, Kent, UK) given
at the manufacturer's recommended dose of 1 million units
every 8 h, equivalent to 240 mg of colistimethate sodium/
day. There are very few data on the efficacy of colistin for
the treatment of Acinetobacter infection, and concerns have
been expressed over the pharmacokinetics of this agent in
the treatment of severe gram-negative infections [15]. Our
observation that ‘appropriate’ therapy did not influence
mortality could reflect either inadequacy of colistin as a
treatment for Acinetobacter bacteremia outright or that the
dose selected was too low. Furthermore, although all
isolates appeared susceptible to colistin by the BSAC disc
diffusion method, the diffusion characteristics of colistin in
agar are known to be unpredictable. The possibility that low
levels of colistin resistance may not have been detected, or
that colistin resistance developed during therapy, could also
explain our findings [16]. Two patients who died following
MRAB-C underwent treatment with colistin in combination
with imipenem. Combinations of colistin with carbapenems,
macrolides and rifampicin have been shown to be synergistic
in-vitro versus some strains of MRAB, but not consistently
against MRAB-C prevalent in the UK [17].

In summary this study describes changes in the
epidemiology of Acinetobacter spp bacteremia in a large
tertiary care centre. In particular it includes data on
bacteremia due to MRAB-C, suggesting an association
between multidrug resistance and poor outcome. This
observation is complicated by the fact that most individuals
with MRAB-C were nursed in intensive care, which was
itself associated with heightened mortality. For bacteremia
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due toMRAB-C the finding that administration of appropriate
empirical antimicrobial therapy did not influence mortality yet
was associated with an increased risk of death is intriguing. It
highlights the need for a prospective well-controlled trial to
identify both those who require treatment and the most
appropriate therapeutic regimen.
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