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Abstract Background/Purpose: The emergence of trimethoprimesulfamethoxazole resistant
Stenotrophomonas maltophilia (TSRSM) represents a serious threat to patients. The aim of current study was to identify risk factors associated with hospital-acquired TSRSM occurrence in
adult inpatients.
Methods: We conducted a matched case-control study in Tri-Service General Hospital, Taipei,
Taiwan. From January 2014 through June 2015, case patients with TSRSM and control patients
with trimethoprimesulfamethoxazole susceptible S. maltophilia (TSSSM) during hospitalization were identified. Control patients were matched with TSRSM cases for age (within five
years), sex, and site of isolation at a ratio of 1:1.
Results: A total of 266 patients were included in our study (133 cases and 133 matched controls). Bivariable analysis showed that previous exposure to fluoroquinolone [odds ratio
(OR), 2.693; 95% confidence interval (CI, 1.492e5.884; p Z 0.002)], length of intensive care
unit stay (OR, 1.015 per day; 95% CI, 1.001e1.030; p Z 0.041), and length of hospital stay
(OR, 1.012 per day; 95% CI, 1.002e1.023; p Z 0.018) prior to S. maltophilia isolation were
associated with TSRSM occurrence. A multivariable analysis showed that previous exposure
to fluoroquinolone (OR, 3.158; 95% CI, 1.551e6.430; p Z 0.002) was an independent risk factor
for TSRSM occurrence after adjustment.
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Conclusion: Previous fluoroquinolone use was an independent risk factor for hospital-acquired
TSRSM occurrence in adult inpatients, suggesting that judicious administration of fluoroquinolone may be important for limiting TSRSM occurrence.
Copyright ª 2017, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Introduction
Stenotrophomonas maltophilia, a nonfermenting gramnegative bacillus, has emerged as a nosocomial pathogen
that primarily affects immunocompromised patients.1e3
The broad spectrum of infections that are associated
with S. maltophilia include pneumonia and bacteremia, as
well as infections of the skin and soft tissue, surgical
wounds, and urinary tract.1,4 The crude mortality rate for
S. maltophilia infection is around 18%e69%.5 The treatment of these infections is challenging because S. maltophilia is resistant to a variety of structurally unrelated
antimicrobial agents.6,7 S. maltophilia’s resistance to
antimicrobial agents derives from intrinsic or acquired
resistant mechanisms involving b-lactamases, efflux pump
systems, enzymatic modification, and target site
modification.7e9
Trimethoprimesulfamethoxazole (TMP-SXT) has been
the primary treatment for susceptible S. maltophilia infections, based on in vitro activity and anecdotal reports of
favorable clinical outcomes.6,7,10,11 Although levofloxacin
and tigecycline have been considered as alternatives to
TMP-SXT for the treatment of S. maltophilia infections,
more clinical data are still needed to validate their
efficacies.12,13
Recent antimicrobial susceptibility studies and case series, however, have demonstrated the occurrence of TMPSXT resistant S. maltophilia (TSRSM) in different geographic
regions.14e16 The emergence of TSRSM limits treatment
options further and it had been reported that patients with
TSRAM were associated with deteriorated clinical
outcome.17,18 Studies of TMP-SXT resistance in uropathogens, mostly Enterobacteriaceae strains, revealed that
prior TMP-SXT use was associated with TMP-SXT resistance,
reflecting selective pressure of TMP-SXT.19,20 Whether this
association in Enterobacteriaceae strains is applicable to S.
maltophilia has remained uncertain.
The prevalence of TSRSM in Taiwan is higher than that
in
other
geographic
regions
and
has
been
increasing.14,15,21,22 The majority of TSRSM infections
occurred in hospitalized patients, rather than those from
community.18,21,22 Our previous study reported before
revealed that patients with TSRSM were associated with
prolonged hospitalization indicating increased financial
burdens in healthcare systems in Taiwan.18 This alarming
phenomenon in Taiwan highlights an urgent need for
effective control and prevention measures that could
prevent TSRSM dissemination. The first step in the design
of such measures is to identify risk factors that are associated with hospital-acquired TSRSM occurrence. We
therefore initiated a matched case-control study to

identify risk factors for hospital-acquired TSRSM occurrence in adult hospitalized patients.

Methods
Study design and patient selection
This retrospective matched case-control study was conducted at the Tri-Service General Hospital, which is a tertiary referral center in northern Taiwan with 1700 beds. To
identify the individual risk factors for inpatients having
hospital-acquired TSRSM, a 1:1 matched case-control study
was initiated. The study population included hospitalized
adult patients from whom a clinical specimen yielded a S.
maltophilia isolate for the first time between January 1,
2014 and June 30, 2015, as assessed via electronic records
from the microbiological laboratory database. Each patient
was included once only. To focus on risk factors for
hospital-acquired TSRSM occurrence in adult inpatients,
patients with S. maltophilia isolated within 48 h of admission were excluded. Patients younger than 18 years old of
age were excluded. Patients with TSRSM were assigned to
the case group. Patients with TSSSM were identified as
potential members of the control group. Matching was
performed at a ratio of 1:1 according to sex, age (within
five years), and the site of isolation. When more than one
control satisfied these conditions, they were randomly
chosen with Microsoft Excel 2013 software (Microsoft
Corp., Redmond, WA, USA).

Clinical data collections and definitions
Using a computerised data system, clinical information was
systematically collected from the medical records of the
patients with culture positive TSRSM and the matched
controls. The collected information included demographic
data, durations of intensive care unit (ICU) and hospital
stays prior to S. maltophilia isolation, number of admission
records during the previous year, comorbidities on admission, indwelling medical devices before S. maltophilia
isolation during hospitalization, recent therapeutic measures, and previous exposure to antibiotics. The Charlson
Comorbidity Index (CCI) was used as an aggregate measure
for comorbidities.23 Previous exposure to antibiotics
including prescriptions in the outpatient department was
defined as at least 24-h of therapy within the 14 days prior
to S. maltophilia isolation. Recent chemotherapy within
one month before S. maltophilia isolation was recorded.
Recent surgery was defined as surgery performed in
included patients after admission but before S. maltophilia
isolation.
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Microbiology test
The VITEK 2 automatic system for gram-negative rods
(bioMérieux Inc., Marcy-l’Etoile, Rhône, France) was used
to identify S. maltophilia isolates. Susceptibility of S.
maltophilia isolates was measured by the VITEK 2 automatic system using an automated broth microdilution
method. According to 2014 Clinical and Laboratory Standards Institute (CLSI) M100-S24 performance standards, S.
maltophilia isolates resistant to TMP-SXT were defined as
the minimal inhibitory concentration (MIC) to TMP-SXT  4/
76 mg/mL. S. maltophilia isolates which were resistant to
levofloxacin (MIC  8 mg/mL) or those with intermediate
resistance (MIC Z 4 mg/mL) to levofloxacin were defined as
non-susceptible.24

Statistical analysis
All results were analysed using a commercially available
software package (SPSS, version 16.0; SPSS Inc., Chicago,
IL, USA). Continuous variables were presented as
means  standard deviations, and categorical variables
were presented as numbers and percentages.
Differences in continuous variables were assessed using
Student’s t-test or the ManneWhitney U-test. The Chi-square
test or Fisher’s exact test (when expected cell frequencies
were <5) was used to assess difference in categorical variables. The odds of exposure to potential risk factors for
hospital-acquired TSRSM acquisition in adult inpatients were
compared for case patients and matched controls using
bivariable conditional logistic regression analysis for both
categorical and continuous data, conditioning on matched
sets of subjects. A single multivariable conditional logistic
regression model to identify independent risk factors significantly associated with hospital-acquired TSRSM occurrence
was generated using regression methods on variables that
yielded a P value < 0.05 on bivariable analysis.

Results
Study population
From January 2014 to June 2015, a total of 809 patients
were identified as having cultures positive for S. maltophilia. Among 809 S. maltophilia isolates from the identified patients, 694 (85.8%) were from the respiratory tract,
38 (4.7%) were from the blood, 29 (3.6%) were from wound
tissue, 18 (2.2%) were from urine, 21 (2.6%) were from
abdominal ascites, and nine (1.1%) were from a central
venous catheter. One hundred sixty-six of S. maltophilia
isolates were resistant for TMP-SXT (20.5%). The rates of
TSRSM isolated from the respiratory tract, the blood,
wound tissue, urine, abdominal ascites, and central venous
catheters were 20.4%, 21.0%, 10.3%, 16.6%, 28.6%, and
33.3%, respectively. Regarding the hospital units where
TSRSM was isolated, the rate of TSRSM isolation in the
medical wards, surgical wards, ICUs, and respiratory center
were 13.6%, 25.9%, 21.1%, and 28.2%, respectively. No significant increase in the TSRSM isolation rate was detected
in any ward.
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Among 166 patients with TSRSM, we excluded two patients <18 years old, 27 patients with TSRSM isolated in 48 h
after admission, and four patients because of unsuccessful
matching. Therefore, a total of 133 patients with TSRSM
and 133 patients with trimethoprimesulfamethoxazole
susceptible S. maltophilia (TSSSM) were successfully
matched for the subsequent analyses.

Characteristics of matched patients with TSRSM and
TSSSM
The characteristics of the patients included were shown in
Table 1. The mean age was 72.5 years in the TSRSM group
and 72.2 years in the matched TSSSM (control) group. The
patients were predominantly male (63.9%). The most
common admission diagnosis in patients with TSRSM and
TSSSM was an infectious disease. Both patients with TSRSM
and TSSSM had comparable CCI on admission. Clinical outcomes of patients with TSRSM and matched controls showed
no statistic difference on mortality and morbidity
(p > 0.05). The in-hospital mortality rates in TSRSM group
and TSSSM group were 27.8% and 36.8%, respectively. The
mean duration of hospitalization after S. maltophilia was
34.7 days and 32.0 days, respectively.
With regard to microbiology of identified TSRSM and
TSSSM, the major hospital units in which S. maltophilia was
isolated were ICUs (51.1%), followed by the respiratory
center (21.1%). S. maltophilia was mostly isolated from the
respiratory tract in both groups (87.2%), followed by the
blood (5.2%), abdominal ascites (3.0%), wound tissue
(2.2%), urine (1.5%) and central venous catheter (0.7%). The
rate of TSRSM isolates which was non-susceptible to levofloxacin was higher than TSSSM isolates with significance
(49.6% vs.11.3%, p < 0.001).

Risk factors for hospital-acquired TSRSM
occurrence in adult inpatients
Bivariable analyses were conducted to investigate risk
factors associated with TMP-SXT resistance (Table 2).
Among the hospitalization-related factors, length of hospital stay [odds ratio (OR), 1.012; 95% confidence interval
(CI, 1.002e1.023; p Z 0.018)] and length of ICU stay (OR,
1.015; 95% CI, 1.001e1.030; p Z 0.041) were associated
with hospital-acquired TSRSM occurrence. In other words,
each day increment of hospital and ICU stay could boost the
odds ratio by 1.012 and 1.015, respectively. There were no
statistically significant between-group differences in the
rates of the various underlying comorbidities that were
recorded. Other possible precipitating factors showed no
significant association, including recent surgery and recent
chemotherapy (p > 0.05).
With regard to previous antibiotics exposure, the mean
number of antibiotics classes that patients received before
S. maltophilia isolation were 2.26 and 2.27 in patients with
TSRSM and TSSSM, respectively. Previous TMP-SXT exposure
was not associated with TSRSM occurrence (OR, 1.000; 95%
CI, 0.250e3.998; p Z 1.000). Nonetheless, There was a
highly significant association between previous exposure to
fluoroquinolone and the subsequent occurrence of TSRSM
(OR, 2.693; 95% CI, 1.492e5.884; p Z 0.002). Among the
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Table 1

Characteristics of patients with Stenotrophomonas maltophilia.

Variable

TSRSM (n Z 133)

TSSSM (n Z 133)

p value

72.5 (16.7)
85 (63.9)

72.2 (16.9)
85 (63.9)

0.879b

17
17
72
27

(12.8)
(12.8)
(54.1)
(20.3)

31 (23.3)
9 (6.8)
64 (48.1)
29 (21.8)

11 (8.3)
12 (9.0)
9 (6.8)
67 (50.4)
15 (11.3)
5 (3.8)
11 (8.2)
3 (2.2)
4.1 (2.6)

22 (16.5)
9 (6.8)
15 (11.3)
62 (46.6)
15 (11.3)
2 (1.5)
8 (6.0)
0 (0)
4.4 (2.7)

0.365b

34.7 (40.4)
37 (27.8)

32.0 (40.7)
49 (36.8)

0.327b
0.149

Demographic
Age in yearsa
Male, n (%)
Admission ward isolation S. maltophilia, n (%)
Medical ward
Surgical ward
Intensive care unit
Respiratory care center
Primary admission diagnosis, n (%)
Cardiovascular disease
Gastrointestinal disease
Hematology-oncology disease
Infectious disease
Neurologic disease
Renal disease
Trauma
Other
Charlson Comorbidity Indexa
Clinical outcome, n (%)
Hospital stay after S. maltophilia isolationa
In-hospital mortality
a

Data are presented as means (standard deviations).
p value were analyzed by t-test.
TSRSM Z trimethoprimesulfamethoxazole resistant S. maltophilia; TSSSM Z trimethoprimesulfamethoxazole susceptible S.
maltophilia.
b

patients with prior exposure to fluoroquinolone in our study
(n Z 48), levofloxacin had mostly been used (27/48), followed by ciprofloxacin (16/48) and moxifloxacin (5/44).
Patients who received prior levofloxacin were likely to
develop TMP-SXT resistance (OR, 3.333; 95% CI,
1.339e8.300; p Z 0.010), while there was no significant
association between prior moxifloxacin and ciprofloxacin
use and subsequent TMP-SXT resistance (OR, 0.758 and
3.000; 95% CI, 0.125e4.606 and 0.968e9.302; p Z 0.764
and 0.057, respectively). In each group, more than a half of
the patients had received mechanical ventilation before S.
maltophilia isolation (78.2% and 75.9%, respectively).
There was no significant between-group difference among
the various types of indwelling medical devices (p > 0.05).
Further multivariable analysis showed that previous use
of fluoroquinolone (adjusted OR, 3.158; 95% CI, 1.551 to
6.430; p Z 0.002) was an independent risk factor for subsequent TSRSM occurrence after adjustment (Table 3).

Discussion
TSRSM occurrence is an emerging concern and there has
been a paucity of information on risk factors for TSRSM
occurrence. To the best of our knowledge, the current
study was the largest to identify risk factors for hospitalacquired TSRSM occurrence in hospitalized patients using a
substantial sample size and a matched case-control design.
The main finding of our study was that fluoroquinolone use
in the hospitalization was an independent risk factor associated with subsequent TSRSM occurrence.

There have been two related studies on risk factors for
TSRSM.18,25 In the first,25 Ansari et al. conducted a casecontrol study to find out risk factors for multiple-drug
resistant S. maltophilia on cancer patients. The results of
the study suggested that previous use of TMP-SXT and
recent admission were significant risk factors for multipledrug resistant S. maltophilia (resistance to TMP-SXT and
at least two other additional antibiotics that are often
active against S. maltophilia). The second related study
was our retrospective analysis of S. maltophilia bacteremia
patients with TSRSM and TSSSM comparing clinical characteristics and outcomes.18 In this study, no significant factors
for TSRSM bacteraemia occurrence was identified. The
sample sizes of patients with TSRSM (n Z 56) in this study
were relative small, which may have limited their statistic
power for identifying risk factors for TMP-SXT resistance.
Because of the high prevalence of TSRSM in Taiwan, the
current study was able to include more cases for the
comparison of TSRSM and TSSSM. To reduce potential confounding, the study employed a matched case-control
design. In addition, the periods of time at risk before S.
maltophilia isolation were controlled in the multivariable
analysis for both groups. Unlike the previous study by Ansari
et al., we did not find a significant association between
previous administration of TMP-SXT and TMP-SXT resistance. The discrepancy between these results could
potentially be attributed to the different study populations. Ansari et al. studied cancer patients in whom TMPSXT was commonly used as prophylactic or therapeutic
agents.25 In contrast, our study included hospitalized patients with multiple comorbidities, not only cancers.
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Table 2 Bivariable analysis of risk factors associated with trimethoprimesulfamethoxazole resistant Stenotrophomonas
maltophilia isolation.
Variable
Factors related to hospitalization, n (%)
Length of ICU staya,b
Length of hospital staya,b
Recent admission within 3 months
No. of admissions within a yeara
Co-morbidity, n (%)
Cerebrovascular disease
Congestive heart failure
Chronic obstructive pulmonary disease
Connective tissue disease
Diabetes mellitus
Liver cirrhosis
Malignancy
Renal insufficiency
Mechanical ventilationc, n (%)
Recent chemotherapy, n (%)
Recent surgery, n (%)
Previous antibiotic exposure, n (%)
Mean classes of antibiotics exposurea
3rd generation cephalosporin
4th generation cephalosporin
Aminoglycoside
Carbapenem
Colistin
Daptomycin
Fluoroquinolone
Glycopeptide
Linezolid
Macrolide
Penicillin-lactamase inhibitor
Trimethoprim-sulfamethoxazole
Tigecycline
Indwelling medical devices, n (%)
Central venous catheterd
Endotracheal tube
Nasogastric tube
Surgical drain
Tracheostomy tube
Urinary catheter

TSRSM (n Z 133)

TSSSM (n Z 133)

OR (95% CI)

p value

18.5 (23.8)
34.7 (40.2)
40 (30.1)
1.04 (2.2)

13.2 (14.9)
24.4 (21.6)
40 (30.1)
1.06 (1.5)

1.015
1.012
1.022
0.996

(1.001e1.030)
(1.002e1.023)
(0.618e1.689)
(0.869e1.142)

0.041
0.018
0.932
0.954

55 (41.4)
21 (15.8)
21 (15.8)
6 (4.5)
46 (34.6)
8 (6.0)
23 (17.3)
37 (27.8)
104 (78.2)
8 (6.0)
42 (31.6)

45 (33.8)
21 (15.8)
19 (14.3)
8 (6.0)
58 (43.6)
9 (6.8)
32 (24.1)
43 (32.3)
101 (75.9)
5 (3.8)
35 (26.3)

1.526
1.000
1.114
0.714
0.662
0.857
0.654
0.799
1.128
1.750
1.333

(0.879e2.650)
(0.500e2.000)
(0.550e2.260)
(0.227e2.251)
(0.396e1.108)
(0.288e2.550)
(0.355e1.205)
(0.451e1.415)
(0.600e2.121)
(0.512e5.978)
(0.757e2.348)

0.133
1.000
0.764
0.566
0.116
0.782
0.173
0.441
0.708
0.372
0.319

2.26 (1.23)
29 (21.8)
40 (30.1)
12 (9.0)
49 (36.8)
15 (11.3)
2 (1.5)
35 (26.3)
38 (28.6)
4 (3.0
12 (9.0)
55 (41.4)
5 (3.8)
6 (4.5)

2.27 (1.14)
33 (24.8)
47 (35.3)
10 (7.5)
46 (34.6)
8 (6.0)
5 (3.8)
13 (9.8)
45 (33.8)
6 (4.5)
16 (12.0)
64 (48.1)
4 (3.0)
4 (3.0)

0.988
0.556
0.744
1.299
1.120
2.000
0.400
2.693
0.766
0.667
0.688
0.783
1.000
1.500

(0.793e1.229)
(0.470e1.501)
(0.439e1.259)
(0.511e3.301)
(0.653e1.921)
(0.807e4.955)
(0.078e2.062)
(1.492e5.884)
(0.455e1.289)
(0.188e2.362)
(0.319e1.481)
(0.476e1.287)
(0.250e3.998)
(0.423e5.315)

0.911
0.840
0.270
0.582
0.680
0.134
0.273
0.002
0.315
0.530
0.339
0.334
1.000
0.530

83 (62.4)
85 (63.9)
119 (89.5)
26 (19.5)
36 (27.1)
100 (75.2)

71 (53.4)
86 (64.7)
120 (90.2)
21 (15.8)
35 (26.3)
93 (69.9)

1.425
0.943
0.889
1.222
1.084
1.287

(0.862e2.355)
(0.560e1.587)
(0.343e2.304)
(0.656e2.279)
(0.621e1.890)
(0.727e2.280)

0.167
0.825
0.808
0.528
0.777
0.387

a

Data are presented as means (standard deviations).
Days of stay prior to isolation of S. maltophilia.
c
Prior mechanical ventilation before S. maltophilia. isolation during hospitalization.
d
Including double-lumen catheter for haemodialysis, central venous catheter, and peripherally inserted central catheter.
TSRSM Z trimethoprimesulfamethoxazole resistant S. maltophilia; TSSSM Z trimethoprimesulfamethoxazole susceptible S. maltophilia; ICU Z intensive care unit; CI Z confidence interval; OR Z odds ratio.
b

Further, the majority of our patients had been exposed to
broad-spectrum antibiotics before S. maltophilia isolation,
rather than TMP-SXT. Therefore, the current study may not
have included enough cases with prior TMP-SXT treatment
to demonstrate a significant association between previous
administration of TMP-SXT and subsequent TMP-SXT resistance. However, our study demonstrated that previous
exposure to fluoroquinolone was associated with the subsequent occurrence of TSRSM, which has not been reported
previously. Besides, we also observed that patients with

TSRSM were more likely to be non-susceptible to fluoroquinolone than those with TSSSM in our study consisted
with previous study.26
With regarding to resistant mechanisms in S. maltophilia, the sul1 gene carried by class 1 integrons and the
sul2 gene linked to insertion sequence common region
(ISCR) elements has been considered as an important role
for TMP-SXT resistance in S. maltophilia.16,27 In addition,
overexpression of efflux pumps in S. maltophilia may also
be considered associated with TMP-SXT resistance along
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Table 3 Multivariable analysis (logistic regression) of risk factors for trimethoprimesulfamethoxazole-resistant Stenotrophomonas maltophilia isolation.
Variable
a,b

Length of ICU stay
Length of hospital staya,b
Fluoroquinolone, n (%)

TSRSM (n Z 133)

TSSSM (n Z 133)

OR (95% CI)

p value

18.5 (23.8)
34.7 (40.2)
35 (26.3)

13.2 (14.9)
24.4 (21.6)
13 (9.8)

1.012 (0.995e1.030)
1.009 (0.997e1.022)
3.158 (1.551e6.430)

0.170
0.156
0.002

a

Data are presented as means (standard deviations).
Days of stay prior to isolation of S. maltophilia.
TSRSM Z trimethoprimesulfamethoxazole resistant S. maltophilia; TSSSM Z trimethoprimesulfamethoxazole susceptible S. maltophilia; ICU Z intensive care unit; CI Z confidence interval; OR Z odds ratio.
b

with other antimicrobial agents.28 This different resistance
mechanism of TMP-SXT in S. maltophilia has been validated
in recent reported study.29 In the study, they demonstrated
that overexpression of the efflux pump SmeDEF, which is a
major determinant of quinolone resistance, may also
reduce S. maltophilia susceptibility to TMP-SXT.29 Our
study result revealed that an association between previous
fluoroquinolone exposure and TSRSM occurrence and that
higher rate of fluoroquinolone resistance in TSRSM further
strengthened the concept from clinical points of view. And
this association might also explain the high prevalence of
TSRSM in Taiwan, where fluoroquinolones have been
commonly prescribed antibiotics after the implementation
of national health insurance.30
There were some limitations to this study. Because of
retrospective design, selection and observational bias may
affect our analysis. More robust matching method as propensity score matching analysis may be better to further
confirm our study results. The use of patients with susceptible S. maltophilia as the control group in our study
may have led to biased estimates of risk, especially when
estimating the effect of exposure to antibiotics that were
active against susceptible organisms (TMP-SXT for S. maltophilia).31,32 This was a single-centre study in Taiwan and,
therefore, our findings may not be generalizable.
In conclusion, this matched case-control study identified
that previous fluoroquinolones exposure was an independent risk factor for hospital-acquired TSRSM occurrence in
adult inpatients. Based upon our study, judicious use of
fluoroquinolones might help to limit TSRSM occurrence.
Future multicenter studies with a prospective evaluation to
validate our findings will be necessary.
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