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Abstract The purpose of this study was to investigate
characteristics of critically ill patients with Stenotrophomonas
maltophilia (S. maltophilia) isolated from the respiratory
tract, to identify risk factors for S. maltophilia-pneumonia and
intensive care unit (ICU) mortality and to analyze antibiotic
susceptibility of S. maltophilia. This was a retrospective
analysis of 64 medical ICU patients with S. maltophilia in the

respiratory tract. Thirty-six patients fulfilled the criteria for
diagnosis of pneumonia. A significantly higher lung
injury score (LIS) was observed in patients with
pneumonia compared to patients with colonization (p=
0.010). Independent risk factors for S. maltophilia-pneu-
monia were higher Sequential Organ Failure Assessment
(SOFA) score (p=0.009) and immunosuppression (p=
0.014). Patients with S. maltophilia-pneumonia had higher
ICU mortality within a 28-day follow-up (p=0.040) and
higher hospital mortality (p=0.018) than patients with
colonization. The highest antibiotic susceptibility rates
were observed to trimethoprim-sulfamethoxazole, tigecy-
cline, and moxifloxacin. Higher SOFA score when S.
maltophilia was isolated (p=0.001) and development of
renal failure (p=0.021) were independent risk factors for
ICU mortality. Higher SOFA score and immunosuppres-
sion are independent risk factors for S. maltophilia-
pneumonia. Patients with S. maltophilia-pneumonia have
a significantly higher ICU mortality within a 28-day
follow-up, hospital mortality and LIS compared to patients
with S. maltophilia-colonization.

Introduction

Stenotrophomonas maltophilia (S. maltophilia, formerly
called Xanthomonas maltophilia or Pseudomonas malto-
philia, first identified in 1958) is a non-fermentative gram-
negative bacillus (NF-GNB) [1]. In critically ill patients
colonization and infection with NF-GNB are frequent and
associated with poor outcomes [2, 3]. S. maltophilia has
been recognized as an emerging nosocomial pathogen [4,
5]. Among a variety of different infection sites, the most
frequent infections caused by this pathogen are pneumonia
and bacteremia [5].
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The therapy of S. maltophilia infections is challenging
because this pathogen is characterized by resistance to
many antibiotics. This extended antibiotic resistance to
extended-spectrum penicillins, third-generation cephalo-
sporins, carbapenems, and aminoglycosides is due to a
number of antibiotic resistance determinants including
reduced outer membrane permeability, beta-lactamases and
enzymes inactivating aminoglycosides as well as multidrug
efflux pumps [6–8]. The bacteriostatic drug trimethoprim-
sulfamethoxazole has been the antibiotic of choice for this
pathogen [4]. Variable susceptibility rates have been
reported for the quinolone ciprofloxacin [5]. In vitro studies
revealed promising results regarding susceptibility of S.
maltophilia to moxifloxacin [4, 5, 9, 10].

In oncology patients, studies have characterized risk
factors for S. maltophilia colonization, infections and
bacteremia [11–15]. In patients with cystic fibrosis, S.
maltophilia has been identified as an emerging pathogen
for infections of the respiratory tract [16, 17]. It has been
shown that infections related to S. maltophilia are more
frequent in patients with neutropenia and immunosuppres-
sion as well as burn patients and organ transplant
recipients [11, 14, 18–22]. The majority of studies on S.
maltophilia infections investigated S. maltophilia bacter-
emia and catheter-associated S. maltophilia infections
[23–26]. However, despite the increasing frequency of
NF-GNB infections in intensive care unit (ICU) patients,
the role of S. maltophilia colonization or infection of the
respiratory tract in these patients is not well investigated
[27, 28].

This retrospective study was conducted in critically ill
medical ICU patients with S. maltophilia colonization or
infection of the respiratory tract. The aim of the study was
to investigate clinical characteristics in these patients and
antibiotic susceptibility of S. maltophilia as well as to
identify risk factors for S. maltophilia infection (pneumo-
nia) and ICU mortality.

Materials and methods

Study design, setting, and patients

This retrospective study was conducted in three medical
ICUs (25 beds) of a German university hospital. We
analyzed the medical records of all patients admitted to
the medical ICUs between November 2005 and December
2009. We identified 64 patients with S. maltophilia isolated
from the respiratory tract (S. maltophilia isolated from
microbiologic culture from bronchoalveolar lavage (BAL)
or tracheal aspiration). The study was approved by the local
ethics committee. Need for informed consent was waived
for this retrospective analysis.

Definitions

For definition of pulmonary infection (i.e. pneumonia)
associated with S. maltophilia we used modified criteria
proposed by the US Centers for Disease Control and
Prevention. S. maltophilia-associated pneumonia was diag-
nosed by a positive microbiologic culture from BAL or
tracheal aspiration accompanied by radiographic signs of
pulmonary infection (presence of new or increasing
infiltrates on chest radiograph) and at least two of the
following clinical criteria of pulmonary infection: abnormal
temperature (>38.3°C or <35.0°C), abnormal leucocyte
count (leucocyte count >10,000/μL or increase in leucocyte
count >25% or leucocyte count <5,000/μL), or macro-
scopically purulent tracheal secretions. S. maltophilia
colonization was defined as a positive microbiologic culture
for S. maltophilia without the above-mentioned clinical
signs for pulmonary infection/pneumonia.

Immunosuppression was defined as presence of neutro-
penia (neutrophil granulocytes <1,500/μL), medical immu-
nosuppression or HIV infection.

To quantify the severity of pulmonary dysfunction, the lung
injury score (LIS) was calculated as reported previously [29].

Microbiological testing

Antibiotic susceptibility testing of S. maltophilia isolates was
performed according to Clinical and Laboratory Clinical
Standards Institute standards, using a 0.5 McFarland inocu-
lum on Mueller-Hinton plates. The following disk diffusion
breakpoints (< = resistant; > = susceptible) were used:
polymyxin B 300 μg 11/12 mm, ceftazidime 30 μg 14/
18 mm, ciprofloxacin 5 μg 15/21 mm, moxifloxacin 5 μg
17/21 mm, trimethoprim-sulfamethoxazole 1.25/23.75 μg
10/16 mm, and tigecycline 15 μg 14/19 mm. Antibiotic
susceptibility testing was not always performed for all
antibiotic agents. Therefore, data on susceptibility to moxi-
floxacin and trimethoprim-sulfamethoxazole are missing in
one patient each, data on susceptibility to polymyxin B are
missing in three patients, and data on susceptibility to
tigecycline are missing in 17 patients.

Statistical analysis

All statistical tests were conducted two-sided in an
explorative manner on a 5% level of significance.
Analyses were performed using PASW statistics, version
18.0 (SPSS Inc., Chicago, Illinois, USA). Due to violations
of the normal distribution continuous variables were
compared using the nonparametric Mann-Whitney-U test.
Categorical variables were analyzed using the chi-squared
test or Fisher’s exact test when appropriate. Multivariate
logistic regression analyses were performed to identify risk
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factors for S. maltophilia pneumonia and ICU mortality.
Variables considered to be a risk factor in advance or
showing a p-value <0.100 in the univariate analysis were
entered into the multivariate model. Stepwise forward
variable selection was used to define the final independent
risk factors. Adjusted odds-ratios and 95% confidence
intervals are reported for logistic regression analyses. To
identify independent risk factors for S. maltophilia pneu-
monia, the following factors were included in multivariate
regression analysis: age, neutropenia, medical immunosup-
pression, immunosuppression (as defined in the methods
section), COPD, nicotine abuse, development of renal
insufficiency, presence of endotracheal tube, tracheostomy,
ICU mortality, hospital mortality, Simplified Acute
Physiology Score II (SAPS II score), Sequential Organ
Failure Assessment (SOFA) score, leucocyte count on the
day of S. maltophilia isolation, and duration of mechanical
ventilation before S. maltophilia isolation. Factors included
in the multivariate binary logistic regression analysis
regarding risk factors associated with ICU mortality were
S. maltophilia-related pneumonia, gender, admission from
another hospital, liver cirrhosis as reason for ICU admis-
sion, liver failure on ICU admission, renal failure during
ICU stay, liver failure during ICU stay, SAPS II score,
SOFA score, presence of endotracheal tube, and need for
mechanical ventilation when S. maltophilia was isolated.

Survival rates were estimated according to Kaplan-Meier
curves and compared between groups by log-rank tests.
Descriptive statistics for categorical factors are given by
absolute and relative frequencies. Descriptive statistics for
continuous factors are given by median, range and
interquartile range (IQR) while the latter equals the span
between the 25th and 75th percentile.

Results

Patients’ characteristics

Sixty-four critically ill ICU patients with S. maltophilia
isolated from the respiratory tract were enrolled in this
study. Basic demographic data and patients’ characteristics
are stated in Table 1.

ICU treatment

The reasons for ICU admission and interventions during
ICU treatment are shown in Table 2.

S. maltophilia-related colonization or infection

The median time between ICU admission and first isolation
of S. maltophilia from the respiratory tract was 10.0 days

(range, 0–55 days; IQR, 2.5–14.5 days) (Table 2). Before
the first isolation of S. maltophilia patients had been treated
in the hospital for a median time period of 15.0 days (range,
2–77 days; IQR, 8.0–25.5 days) without differences between
the patients with S. maltophilia infection or colonization
(median, 15.5 days; range, 2–77 days; IQR, 7.5–30.5 days
compared to median, 14.5 days; range, 2–62 days; IQR,
10.5–24.0 days, respectively; p=0.823). At the time of first
isolation of S. maltophilia from the respiratory tract, 36
patients (56%) fulfilled the criteria for the diagnosis of
pulmonary infection/pneumonia, whereas the diagnosis of S.
maltophilia colonization of the respiratory tract was made in
28 patients (44%). Serum levels of the laboratory infection
parameter C-reactive protein (CRP) were significantly higher
in patients with respiratory tract infection compared to patients
with colonization of the respiratory tract (median, 13.1mg/dL;
range, 1.3–43.0 mg/dL; IQR, 5.6–20.4 mg/dL compared to
median, 5.4 mg/dL; range, 0.8–29.6 mg/dL; IQR, 2.4–
15.6 mg/dL, respectively; p=0.029).

Data regarding pulmonary function and mechanical
ventilation

Data regarding respiratory function and mechanical venti-
lation are shown in Table 3. A significantly higher LIS at
the time of first S. maltophilia isolation was observed in
patients with S. maltophilia-related pneumonia compared to
patients with S. maltophilia colonization.

Risk factors associated with S. maltophilia pneumonia

In univariate analysis, factors associated with S. maltophilia
pneumonia (in contrast to S. maltophilia colonization of the
respiratory tract) were: higher SOFA score on the day of first
S. maltophilia isolation (p=0.002), immunosuppression (p=
0.004), neutropenia (p=0.006), higher SAPS II score on the
day of first S. maltophilia isolation (p=0.020) and higher
serum CRP levels on the day of first S. maltophilia isolation
(p=0.029) (Tables 1 and 3). In multivariate binary logistic
regression analysis, higher SOFA score on the day of first S.
maltophilia isolation (p=0.009; odds-ratio, 1.2; 95% confi-
dence interval, 1.0–1.4) and immunosuppression (p=0.014;
odds-ratio, 4.9; 95% confidence interval, 1.4–17.4) were
identified as independent risk factors associated with S.
maltophilia pneumonia.

Outcome of patients with S. maltophilia colonization
and infection

Patient outcome is presented in Table 4. Kaplan-Meier
analysis demonstrated a significantly higher ICU mortality
within a follow-up of 28 days in patients with S.
maltophilia-related pneumonia (p=0.040; Fig. 1). Patients
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with S. maltophilia-associated pneumonia had a signifi-
cantly higher hospital mortality than patients with S.
maltophilia colonization of the respiratory tract (p=0.018)
(Table 4).

Risk factors for ICU mortality

In univariate analysis, ICU mortality was significantly
associated with higher SAPS II score on the day of first
S. maltophilia isolation (p<0.001), higher SOFA score on

the day of first S. maltophilia isolation (p<0.001),
development of renal failure during the ICU stay (p=
0.006), need for mechanical ventilation on the day of first S.
maltophilia isolation (p=0.007), cerebral/neurological dys-
function during the ICU stay (p=0.008), hepatic dysfunc-
tion on ICU admission (p=0.010), development of liver
failure during the ICU stay (p=0.011), higher LIS on the day
of first S. maltophilia isolation (p=0.012), lower pO2/FiO2
ratio on the day of first S. maltophilia isolation (p=0.025),
and female gender (p=0.029) (Tables 1, 2 and 3). Multivariate

Table 2 Intensive care unit treatment

Description All patients
(n=64)

S. maltophilia
colonization (n=28)

S. maltophilia
infection (n=36)

p-value ICU survivors
(n=38)

ICU non-survivors
(n=26)

p-value

Reason for ICU admission

respiratory insufficiency,
n (%)

25 (39%) 8 (29%) 17 (47%) p=0.129 14 (37%) 11 (42%) p=0.660

Cirrhosis of the liver, n (%) 12 (19%) 5 (18%) 7 (19%) p=0.872 4 (11%) 8 (31%) p=0.055

Cardiogenic shock, n (%) 8 (13%) 4 (14%) 4 (11%) p=0.721 6 (16%) 2 (8%) p=0.456

Sepsis, n (%) 6 (9%) 3 (11%) 3 (8%) p=1.000 3 (8%) 3 (12%) p=0.680

Pancreatitis, n (%) 3 (5%) 2 (7%) 1 (3%) p=0.577 3 (8%) 0 (0%) p=0.265

Gastrointestinal bleeding,
n (%)

1 (2%) 0 (0%) 1 (3%) p=1.000 0 (0%) 1 (4%) p=0.406

Admission to ICU

Transfer to ICU from normal
ward, n (%)

37 (58%) 14 (50%) 23 (64%) p=0.264 19 (50%) 18 (69%) p=0.126

Transfer to ICU from another
hospital, n (%)

13 (20%) 7 (25%) 6 (17%) p=0.411 11 (29%) 2 (8%) p=0.038*

Transfer to ICU from
operating room, n (%)

3 (5%) 2 (7%) 1 (3%) p=0.577 2 (5%) 1 (4%) p=1.000

ICU stay

Length of ICU stay, days 23.0; 2–123;
12.0–41.5

24.5; 3–74;
14.5–42.0

18.0; 2–123;
9.5–38.5

p=0.215 23.0; 2–77;
13.0–33.0

24.0; 3–123;
11.0–50.0

p=0.520

Length of ICU stay before S.
maltophilia

10.0; 0–55;
2.5–14.5

11.0; 0–38;
6.5–14.0

8.0; 1–55;
2.0–16.5

p=0.266 9.0; 1–25;
3.0–13.0

11.0; 0–55;
2.0–22.0

p=0.362

Length of ICU stay after S.
maltophilia

10.0; 0–80;
4.5–22.5

11.5; 0–63;
5.5–26.6

9.5; 0–80;
4.0–20.5

p=0.420 10.0; 0–70;
4.0–20.0

9.5; 0–80;
5.0–50.0

p=0.853

Organ failure on ICU
admission

Respiratory, n (%) 51 (80%) 22 (79%) 29 (81%) p=0.845 31 (82%) 20 (77%) p=0.649

Cardiac, n (%) 45 (70%) 17 (61%) 28 (78%) p=0.138 26 (68%) 19 (73%) p=0.689

Renal, n (%) 23 (36%) 10 (36%) 13 (36%) p=0.974 13 (34%) 10 (38%) p=0.728

Neurologic, n (%) 48 (75%) 20 (71%) 28 (78%) p=0.561 29 (76%) 19 (73%) p=0.769

Digestive, n (%) 4 (6%) 3 (11%) 1 (3%) p=0.311 1 (3%) 3 (12%) p=0.295

Hepatic, n (%) 27 (42%) 11 (39%) 16 (44%) p=0.678 11 (29%) 16 (62%) p=0.010*

During ICU hospitalization

Tracheostomy, n (%) 13 (20%) 9 (32%) 4 (11%) p=0.038* 10 (26%) 3 (12%) p=0.149

Endotracheal tube, n (%) 42 (66%) 15 (54%) 27 (75%) p=0.073 20 (53%) 22 (85%) p=0.008*

Central venous catheter,
n (%)

55 (86%) 24 (86%) 31 (86%) p=1.000 31 (82%) 24 (92%) p=0.291

Arterial catheter, n (%) 59 (92%) 25 (89%) 34 (94%) p=0.646 33 (87%) 26 (100%) p=0.074

Shaldon catheter for dialysis,
n (%)

17 (27%) 7 (25%) 10 (28%) p=0.803 8 (21%) 9 (35%) p=0.228

Urinary catheter, n (%) 57 (89%) 24 (86%) 33 (92%) p=0.689 34 (89%) 23 (88%) p=1.000

S. maltophilia Stenotrophomonas maltophilia, ICU intensive care unit

Where applicable data are presented as: median; range; interquartile range

p-values <0.05 are indicated with an asterisk
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binary logistic regression analysis identified SOFA score on
the day of first S. maltophilia isolation (p=0.001; odds-ratio,
1.4; 95% confidence interval, 1.1–1.6) and development of
renal failure in the course of the ICU stay (p=0.021; odds-
ratio, 4.8; 95% confidence interval, 1.3–18.4) as independent
risk factors associated with ICU mortality.

Polymicrobial infections

In 33 (52%) of the 64 patients, other bacteria were isolated from
the respiratory tract at the same time as S. maltophilia or within
7 days after the first isolation of S. maltophilia. The most
frequently isolated co-pathogens were Enterococcus species
(17 patients), Coagulase-negative Staphylococcus species (10
patients), Escherichia coli (7 patients), Viridans group
Streptococci (6 patients), Pseudomonas aeruginosa (4
patients), Enterobacter cloacae (4 patients), Klebsiella pneu-
moniae (3 patients), Staphylococcus aureus (3 patients),
Enterococcus faecium (3 patients) and Serratia marcescens
(2 patients). Presence of a polymicrobial infection was
significantly associated with hospital mortality (mortality 19/
33 patients (58%) in patients with polymicrobial infection

compared to 10/31 patients (32%) in patients without
polymicrobial infection; p=0.042).

Antibiotic treatment

Fifty-eight (91%) of the 64 patients had been treated with at
least one antibiotic agent before S. maltophilia was isolated
from the respiratory tract. Thirty-seven patients (58%) had
been exposed to carbapenems prior to first isolation of S.
maltophilia. Extended-spectrum penicillins (piperacillin/
sulbactam) had been used in 34 patients (53%). Macrolids
had been administered in 32 patients (50%). Twenty-five
patients (39%) had been treated with vancomycin, 11 (17%)
with second and third generation cephalosporins and 11
(17%) with ciprofloxacin. Only two patients (3%) had been
treated with moxifloxacin before the first isolation of S.
maltophilia from the respiratory tract.

In patients exposed to carbapenems prior to isolation of
S. maltophilia from the respiratory tract, S. maltophilia-
related pneumonia was significantly more often diagnosed
compared to patients without exposure to carbapenems
(pneumonia in 25/37 patients (68%) in patients exposed to

Table 3 Pulmonary function and mechanical ventilation

Description All patients
(n=64)

S. maltophilia
colonization (n=28)

S. maltophilia
infection (n=36)

p-value ICU survivors
(n=38)

ICU non-survivors
(n=26)

p-value

Mechanical ventilation
required, n (%)

51 (80%) 20 (71%) 31 (86%) p=0.148 26 (68%) 25 (96%) p=0.007*

Duration of mechanical
ventilation, days

15.0; 0–115;
8.5–28.5

21.5; 0–73;
11.5–38.0

13.5; 0–115;
7.5–24.5

p=0.103 14.5; 0–74;
6.0–27.0

17.5; 2–115;
11.0–40.0

p=0.114

Duration of mechanical
ventilation before diagnosis
of S. maltophilia, days

7.0; 0–47;
2.0–11.5

9.5; 0–28;
3.0–12.0

3.5; 0–47;
1.5–11.0

p=0.094 6.5; 0–25;
2.0–11.0

9.0; 0–47;
2.0–12.0

p=0.380

Duration of mechanical
ventilation after diagnosis
of S. maltophilia, days

7.5; 0–84;
2.0–16.5

9.0; 0–63;
2.0–24.0

6.0; 0–84;
2.0–11.0

p=0.506 6.5; 0–67;
1.0–12.0

9.0; 0–84;
5.0–24.0

p=0.106

pO2/FiO2 (day of S.
maltophilia isolation)

190.9; 43.7–376.4;
133.3–246.7

220.6; 85.7–376.4;
143.8–297.6

187.5; 43.7–366.7;
125.0–238.2

p=0.267 223.8; 93.7–366.7;
161.7–274.3

155.1; 43.7–376.4;
124.6–212.5

p=0.025*

LIS (day of S. maltophilia
isolation), points

1.67; 0.00–3.00;
1.00–2.00

1.33; 0.00–2.33;
0.67–1.67

1.67; 0.33–3.00;
1.33–2.33

p=0.010* 1.33; 0.00–2.33;
1.00–1.67

2.00; 0.00–3.00;
1.33–2.33

p=0.012*

S. maltophilia, Stenotrophomonas maltophilia, ICU intensive care unit, LIS lung injury score

Where applicable data are presented as: median; range; interquartile range

p-values <0.05 are indicated with an asterisk

Table 4 Intensive care unit and hospital mortality

Outcome All patients (n=64) S. maltophilia colonization (n=28) S. maltophilia infection (n=36) p-value

ICU mortality, n (%) 26 (41%) 8 (29%) 18 (50%) p=0.083

Hospital mortality, n (%) 29 (45%) 8 (29%) 21 (58%) p=0.018*

S. maltophilia Stenotrophomonas maltophilia, ICU intensive care unit

p-values <0.05 are indicated with an asterisk
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carbapenems compared to 11/27 patients (41%) in patients
not exposed to carbapenems; p=0.033).

Antibiotic susceptibility

Antibiotic susceptibility is depicted in Fig. 2. In 84% of
cases S. maltophilia was susceptible to moxifloxacin at the
time of the first isolation of S. maltophilia from the
respiratory tract. In 24 patients with S. maltophilia initially
susceptible to moxifloxacin, S. maltophilia was isolated at
least once more from the respiratory tract at a later time
point. In 50% of cases S. maltophilia was then no longer
susceptible to moxifloxacin.

The rate of antibiotic susceptibility to ciprofloxacin
was significantly lower in patients treated with cipro-
floxacin prior to first isolation of S. maltophilia (4/11
patients (36%)) compared to patients not treated with
ciprofloxacin before S. maltophilia isolation (40/53
patients (75%)) (p=0.027).

Discussion

Sixty-four critically ill patients with S. maltophilia pneumonia
or pulmonary colonization were included in this retrospec-
tive cohort study.

In the present study the patients’ characteristics are
different compared to previously presented studies that
were conducted in interdisciplinary ICUs. The medical ICU
patients included in our study showed higher SAPS II
score, higher Acute Physiology and Chronic Health
Evaluation II (APACHE II) score, and the duration of the
ICU stay was longer compared to previous data [27, 28].

In multivariate binary logistic regression analysis, higher
SOFA score on the day of first S. maltophilia isolation and
immunosuppression were identified as independent risk
factors for the development of S. maltophilia pneumonia.
These findings are in accordance with previous data
showing that immunosuppression and a debilitated clinical
state are associated with S. maltophilia infections [5, 22].

Although the over-all ICU mortality rate was not
significantly different between patients with S. maltophilia
pneumonia or colonization, patients with pneumonia caused
by S. maltophilia showed a significantly higher ICU
mortality during a 28-day follow-up and higher in-hospital
mortality. In accordance, in previous studies S. maltophilia
infection has been shown to be associated with bad
outcomes and high mortality rates [27, 30].

Mechanical ventilation was needed in 51 patients (80%)
in our study. Although more patients with S. maltophilia
pneumonia were mechanically ventilated in the present
study compared to patients with colonization of the
respiratory tract (86% vs. 71%), that difference did not
reach statistic significance. However, in our study a
significantly higher LIS score and significantly higher
serum CRP levels at the time of first S. maltophilia

Fig. 1 Kaplan-Meier survival curve for patients with Stenotropho-
monas maltophilia pneumonia and pulmonary colonization. Kaplan-
Meier survival curve for patients with Stenotrophomonas maltophilia
(S. maltophilia) pneumonia (grey line) and pulmonary colonization
(black line); p=0.040

Fig. 2 Antibiotic susceptibility of Stenotrophomonas maltophilia.
Antibiotic susceptibility of 64 Stenotrophomonas maltophilia isolates
from the respiratory tract of 64 critically ill patients. Antibiotic
susceptibility is depicted in % of isolates that were resistant,
intermediate or sensitive to the antibiotic agent. Antibiotic agents:
CEF ceftazidime, CIP ciprofloxacin, PXB polymyxin B, MOX
moxifloxacin, TIG tigecycline, SXT trimethoprim-sulfamethoxazole
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isolation were observed in patients with S. maltophilia
pneumonia compared to patients with S. maltophilia
colonization. The high proportion of patients requiring
mechanical ventilation reflects the critical illness of the
enrolled patients and is probably due to the fact that this
study focused on patients with pulmonary S. maltophilia
colonization and infection. However, the proportion of
intubated and mechanically ventilated patients is compara-
ble to that in the studies by Nseir et al. and Barchitta et al.
both investigating S. maltophilia-associated infections in
intensive care patients [27, 31]. As expected, in other
studies characterizing both normal ward and ICU patients
with S. maltophilia bacteremia the proportion of mechan-
ically ventilated patients was markedly lower [24, 26, 32].
In our study the duration of mechanical ventilation before
and after the isolation of S. maltophilia was not signifi-
cantly different in patients with S. maltophilia pneumonia
compared to patients with S. maltophilia colonization of the
respiratory tract. In previous studies duration of mechanical
ventilator support was revealed as a risk factor for the
development of pneumonia and acquisition of S. malto-
philia in general [28, 31].

In one-third of the patients in our study, bacterial co-
pathogens were isolated from the respiratory tract when S.
maltophilia colonization/infection was diagnosed. This
frequency of polymicrobial infections is in accordance with
previously reported data in patients with S. maltophilia
pneumonia and S. maltophilia bacteremia [11, 24, 32, 33].
One study investigating the impact of positive S. malto-
philia blood cultures in a tertiary care hospital in Singapore
revealed markedly higher rates of polymicrobial bacteremia
(77%) [34].

In accordance with previous data, the majority of
patients (91%) in our study had been treated with at least
one antibiotic prior to isolation of S. maltophilia. Several
studies have demonstrated an association of exposure to
broad-spectrum antibiotics with S. maltophilia infection [5,
26, 35]. In our study more patients (nearly 60%) had been
treated with carbapenems before S. maltophilia was isolated
compared to previous studies [26, 35]. The use of
carbapenems has been previously shown to be associated
with acquisition of S. maltophilia in several studies [35,
36]. In contrast, some studies did not identify exposure to
carbapenems as a risk factor for S. maltophilia infection,
whereas the use of broad-spectrum antimicrobial drugs
other than carbapenems was associated with acquisition of
S. maltophilia [11, 28, 37]. It has been hypothesized that
exposure to broad-spectrum antimicrobial drugs in general
might be more important than exposure to any single
antibiotic [5]. In our study, S. maltophilia pneumonia was
significantly more often diagnosed in patients who had
been exposed to carbapenems compared to patients without
exposure to carbapenems.

S. maltophilia usually shows antibiotic resistance to
extended-spectrum penicillins, carbapenems, and amino-
glycosides [6, 8]. In accordance with previous data, almost
all S. maltophilia isolates in our study (97%) were
susceptible to trimethoprim-sulfamethoxazole [26, 35, 38,
39]. However, there is evidence that the resistance rates to
this drug are increasing [5, 40]. Besides trimethoprim-
sulfamethoxazole, the most effective antibiotics against S.
maltophilia in our study were the glycocycline antibiotic
tigecycline, the quinolone moxifloxacin, and polymyxin B.
Regarding treatment of S. maltophilia with ciprofloxacin,
variable antibiotic susceptibility has been reported [5]. Only
69% of tested S. maltophilia isolates tested susceptible to
the quinolone ciprofloxacin in our study. In accordance
with previous data only about 50% of S. maltophilia
isolates were susceptible to ceftazidime [5, 28].

This study was conducted retrospectively in a limited
number of patients in three medical ICUs of a single
university hospital in Germany. Therefore, the results and
especially the data on antibiotic susceptibility of S.
maltophilia may not apply for other hospitals and other
geographic areas. Since molecular typing of S. maltophilia
isolates is not performed in clinical routine we can not
provide data on potential transmission of S. maltophilia
isolates in our study. Moreover, our study is lacking a
matched control group of patients without S. maltophilia
colonization/infection.

In conclusion, the present study demonstrates that the
severity of multiple organ dysfunction syndrome (reflected
by a higher SOFA score) and immunosuppression are
independent risk factors for S. maltophilia pneumonia in
medical ICU patients with S. maltophilia isolated from the
respiratory tract. S. maltophilia was previously considered
to be a pathogen with limited pathogenicity. However,
according to our data, patients with S. maltophilia pneu-
monia have a significantly higher ICU mortality within a
follow-up of 28 days, hospital mortality and LIS compared
to patients with S. maltophilia colonization. Regarding
treatment of S. maltophilia infections, prospective con-
trolled trials are needed to obtain in vivo data on the
effectiveness of different antimicrobial agents.

References

1. Hugh R, Ryschenkow E (1961) Pseudomonas maltophilia, an
alcaligenes-like species. J Gen Microbiol 26:123–132

2. Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, Gerlach
H, Moreno R, Carlet J, Le Gall JR, Payen D (2006) Sepsis in
European intensive care units: results of the SOAP study. Crit
Care Med 34(2):344–353

3. Kang CI, Kim SH, Park WB, Lee KD, Kim HB, Kim EC, Oh
MD, Choe KW (2005) Bloodstream infections caused by
antibiotic-resistant gram-negative bacilli: risk factors for mortality

1426 Eur J Clin Microbiol Infect Dis (2012) 31:1419–1428



and impact of inappropriate initial antimicrobial therapy on
outcome. Antimicrob Agents Chemother 49(2):760–766

4. Looney WJ, Narita M, Muhlemann K (2009) Stenotrophomonas
maltophilia: an emerging opportunist human pathogen. Lancet
Infect Dis 9(5):312–323

5. Senol E (2004) Stenotrophomonas maltophilia: the significance
and role as a nosocomial pathogen. J Hosp Infect 57(1):1–7

6. Sanchez MB, Hernandez A, Martinez JL (2009) Stenotrophomonas
maltophilia drug resistance. Future Microbiol 4:655–660

7. Crossman LC, Gould VC, Dow JM, Vernikos GS, Okazaki A,
Sebaihia M, Saunders D, Arrowsmith C, Carver T, Peters N,
Adlem E, Kerhornou A, Lord A, Murphy L, Seeger K, Squares R,
Rutter S, Quail MA, Rajandream MA, Harris D, Churcher C,
Bentley SD, Parkhill J, Thomson NR, Avison MB (2008) The
complete genome, comparative and functional analysis of
Stenotrophomonas maltophilia reveals an organism heavily
shielded by drug resistance determinants. Genome Biol 9(4):R74

8. Nicodemo AC, Paez JI (2007) Antimicrobial therapy for
Stenotrophomonas maltophilia infections. Eur J Clin Microbiol
Infect Dis 26(4):229–237

9. Ba BB, Feghali H, Arpin C, Saux MC, Quentin C (2004) Activities
of ciprofloxacin and moxifloxacin against Stenotrophomonas malto-
philia and emergence of resistant mutants in an in vitro
pharmacokinetic-pharmacodynamic model. Antimicrob Agents
Chemother 48(3):946–953

10. Zhang L, Li XZ, Poole K (2001) Fluoroquinolone susceptibilities
of efflux-mediated multidrug-resistant Pseudomonas aeruginosa,
Stenotrophomonas maltophilia and Burkholderia cepacia. J
Antimicrob Chemother 48(4):549–552

11. Apisarnthanarak A, Mayfield JL, Garison T, McLendon PM,
DiPersio JF, Fraser VJ, Polish LB (2003) Risk factors for
Stenotrophomonas maltophilia bacteremia in oncology patients: a
case-control study. Infect Control Hosp Epidemiol 24(4):269–274

12. Krcmery V, Trupl J, Svetlansky I (2001) Susceptibility to
antimicrobial agents of Stenotrophomonas maltophilia isolated
from patients with cancer and bacteremia. Clin Infect Dis 32
(11):1656

13. Micozzi A, Venditti M, Monaco M, Friedrich A, Taglietti F,
Santilli S, Martino P (2000) Bacteremia due to Stenotrophomonas
maltophilia in patients with hematologic malignancies. Clin Infect
Dis 31(3):705–711

14. Yeshurun M, Gafter-Gvili A, Thaler M, Keller N, Nagler A,
Shimoni A (2010) Clinical characteristics of Stenotrophomonas
maltophilia infection in hematopoietic stem cell transplantation
recipients: a single center experience. Infection 38 (3):211–215

15. Chaplow R, Palmer B, Heyderman R, Moppett J, Marks DI
(2010) Stenotrophomonas maltophilia bacteraemia in 40 haema-
tology patients: risk factors, therapy and outcome. Bone Marrow
Transplant 45 (6):1109–1110

16. Waters V, Yau Y, Prasad S, Lu A, Atenafu E, Crandall I, Tom S,
Tullis E, Ratjen F (2011) Stenotrophomonas maltophilia in cystic
fibrosis: serologic response and effect on lung disease. Am J
Respir Crit Care Med 183(5):635–40

17. Razvi S, Quittell L, Sewall A, Quinton H, Marshall B, Saiman L
(2009) Respiratory microbiology of patients with cystic fibrosis in
the United States, 1995 to 2005. Chest 136(6):1554–1560

18. Chen CY, Tsay W, Tang JL, Tien HF, Chen YC, Chang SC, Hsueh
PR (2010) Epidemiology of bloodstream infections in patients
with haematological malignancies with and without neutropenia.
Epidemiol Infect 138 (7):1044–1051

19. Shi SH, Kong HS, Jia CK, Zhang WJ, Xu J, Wang WL, Shen Y,
Zhang M, Zheng SS (2009) Risk factors for pneumonia caused by
multidrug-resistant Gram-negative bacilli among liver recipients.
Clin Transplant 24(6):758–65

20. Calza L, Manfredi R, Chiodo F (2003) Stenotrophomonas
(Xanthomonas) maltophilia as an emerging opportunistic patho-

gen in association with HIV infection: a 10-year surveillance
study. Infection 31(3):155–161

21. Leung C, Drew P, Azzopardi EA (2010) Extended multidrug-
resistant Stenotrophomonas maltophilia septicemia in a severely
burnt patient. J Burn Care Res 31(6):966

22. Labarca JA, Leber AL, Kern VL, Territo MC, Brankovic LE,
Bruckner DA, Pegues DA (2000) Outbreak of Stenotrophomonas
maltophilia bacteremia in allogenic bone marrow transplant
patients: role of severe neutropenia and mucositis. Clin Infect
Dis 30(1):195–197

23. Lai CH,WongWW, Chin C, Huang CK, Lin HH, ChenWF, Yu KW,
Liu CY (2006) Central venous catheter-related Stenotrophomonas
maltophilia bacteraemia and associated relapsing bacteraemia in
haematology and oncology patients. Clin Microbiol Infect 12
(10):986–991

24. Lai CH, Chi CY, Chen HP, Chen TL, Lai CJ, Fung CP, Yu
KW, Wong WW, Liu CY (2004) Clinical characteristics and
prognostic factors of patients with Stenotrophomonas malto-
philia bacteremia. J Microbiol Immunol Infect 37(6):350–
358

25. Elting LS, Bodey GP (1990) Septicemia due to Xanthomonas
species and non-aeruginosa Pseudomonas species: increasing
incidence of catheter-related infections. Medicine (Baltimore) 69
(5):296–306

26. Friedman ND, Korman TM, Fairley CK, Franklin JC, Spelman
DW (2002) Bacteraemia due to Stenotrophomonas maltophilia: an
analysis of 45 episodes. J Infect 45(1):47–53

27. Nseir S, Di Pompeo C, Brisson H, Dewavrin F, Tissier S, Diarra
M, Boulo M, Durocher A (2006) Intensive care unit-acquired
Stenotrophomonas maltophilia: incidence, risk factors, and out-
come. Crit Care 10(5):R143

28. Hanes SD, Demirkan K, Tolley E, Boucher BA, Croce MA, Wood
GC, Fabian TC (2002) Risk factors for late-onset nosocomial
pneumonia caused by Stenotrophomonas maltophilia in critically
ill trauma patients. Clin Infect Dis 35(3):228–235

29. Murray JF, Matthay MA, Luce JM, Flick MR (1988) An
expanded definition of the adult respiratory distress syndrome.
Am Rev Respir Dis 138(3):720–723

30. Falagas ME, Kastoris AC, Vouloumanou EK, Rafailidis PI,
Kapaskelis AM, Dimopoulos G (2009) Attributable mortality of
Stenotrophomonas maltophilia infections: a systematic review of
the literature. Future Microbiol 4:1103–1109

31. Barchitta M, Cipresso R, Giaquinta L, Romeo MA, Denaro C,
Pennisi C, Agodi A (2009) Acquisition and spread of
Acinetobacter baumannii and Stenotrophomonas maltophilia
in intensive care patients. Int J Hyg Environ Health 212
(3):330–337

32. Tseng CC, Fang WF, Huang KT, Chang PW, Tu ML, Shiang YP,
Douglas IS, Lin MC (2009) Risk factors for mortality in patients
with nosocomial Stenotrophomonas maltophilia pneumonia.
Infect Control Hosp Epidemiol 30(12):1193–1202

33. Muder RR, Harris AP, Muller S, Edmond M, Chow JW,
Papadakis K, Wagener MW, Bodey GP, Steckelberg JM (1996)
Bacteremia due to Stenotrophomonas (Xanthomonas) maltophilia:
a prospective, multicenter study of 91 episodes. Clin Infect Dis 22
(3):508–512

34. Kwa AL, Low JG, Lim TP, Leow PC, Kurup A, Tam VH (2008)
Independent predictors for mortality in patients with positive
Stenotrophomonas maltophilia cultures. Ann Acad Med
Singapore 37(10):826–830

35. Elting LS, Khardori N, Bodey GP, Fainstein V (1990) Nosocomial
infection caused by Xanthomonas maltophilia: a case-control
study of predisposing factors. Infect Control Hosp Epidemiol 11
(3):134–138

36. Calandra GB, Brown KR, Grad LC, Ahonkhai VI, Wang C, Aziz
MA (1985) Review of adverse experiences and tolerability in the

Eur J Clin Microbiol Infect Dis (2012) 31:1419–1428 1427



first 2,516 patients treated with imipenem/cilastatin. Am J Med 78
(6A):73–78

37. Senol E, DesJardin J, Stark PC, Barefoot L, Snydman DR (2002)
Attributable mortality of Stenotrophomonas maltophilia bacter-
emia. Clin Infect Dis 34(12):1653–1656

38. Jones RN, Pfaller MA, Marshall SA, Hollis RJ, Wilke WW (1997)
Antimicrobial activity of 12 broad-spectrum agents tested against
270 nosocomial blood stream infection isolates caused by non-
enteric gram-negative bacilli: occurrence of resistance, molecular

epidemiology, and screening for metallo-enzymes. Diagn
Microbiol Infect Dis 29(3):187–192

39. Clark NM, Patterson J, Lynch JP 3rd (2003) Antimicrobial
resistance among gram-negative organisms in the intensive care
unit. Curr Opin Crit Care 9(5):413–423

40. Valdezate S, Vindel A, Loza E, Baquero F, Canton R (2001)
Antimicrobial susceptibilities of unique Stenotrophomonas malto-
philia clinical strains. Antimicrob Agents Chemother 45(5):1581–
1584

1428 Eur J Clin Microbiol Infect Dis (2012) 31:1419–1428


	Stenotrophomonas maltophilia in the respiratory tract of medical intensive care unit patients
	Abstract
	Introduction
	Materials and methods
	Study design, setting, and patients
	Definitions
	Microbiological testing
	Statistical analysis

	Results
	Patients’ characteristics
	ICU treatment
	S. maltophilia-related colonization or infection
	Data regarding pulmonary function and mechanical ventilation
	Risk factors associated with S. maltophilia pneumonia
	Outcome of patients with S. maltophilia colonization and infection
	Risk factors for ICU mortality
	Polymicrobial infections
	Antibiotic treatment
	Antibiotic susceptibility

	Discussion
	References




