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Purpose: To study the clinical characteristics and factors associated with mortality of

patients who had Stenotrophomonas maltophilia infections.

Patients and Methods: We conducted a retrospective study to determine the clinical

characteristics and factors associated with mortality for S. maltophilia infections among

hospitalized adult patients at Siriraj Hospital. The clinical and microbiological data were

collected from medical records December 2013–December 2016.

Results: Of 1221 subjects whose clinical samples grew S. maltophilia, 213 were randomly

selected for chart review. One hundred patients with a true infection were analyzed. Their

median age was 66 years; 47 were males; 46 were critically ill with a median APACHE II

score of 18 (2–32); and 91 received antibiotic treatment, mainly with carbapenems (56%),

before being diagnosed with a S. maltophilia infection. Pulmonary (53%) and bloodstream

infections (25%) were the most common infections. The median length of hospitalization

was 19 days before infection onset. The in-hospital mortality rate was 54%. The following

factors were associated with mortality: a pre-existing respiratory infection (OR 6.28, 1.33–-

29.78; p.021); critical illness (OR 3.33, 1.45–7.62; p.005); multi-organ dysfunction (OR

2.44, 1.05–5.70; p.039); being on mechanical ventilation (OR 4.44, 1.90–10.39; p.001);

concurrent immunosuppressive therapy (OR 2.67, 1.10–6.47; p.029); intravascular (OR

4.43, 1.79–10.92; p.001) and urinary catheterization (OR 4.83, 1.87–12.47; p.001); and

serum albumin <3 g/dL (OR 4.13, 1.05–16.33; p.043). A multivariate analysis identified

two independent factors associated with mortality: being on mechanical ventilation (OR

4.43, 1.86–10.59; p 0.001) and receiving concurrent immunosuppressive therapy (OR 2.26,

1.04–6.82; p 0.042).

Conclusion: S. maltophilia can cause nosocomial infections with high mortality, particularly in

patients with a prolonged hospitalization. Concurrent immunosuppressive therapy and being on

mechanical ventilation are the independent factors associated with a fatal outcome.
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Introduction
Stenotrophomonas maltophilia is a motile, aerobic, glucose non-fermenting, gram-

negative bacterium.1 S. maltophilia has been recognized as a cause of severe

nosocomial infections, mainly in debilitated patients, such as bloodstream infec-

tions and pneumonia.2

S. maltophilia infections have been associated with high mortality,3–5 with one

study reporting that the crude mortality rates in uncontrolled clinical trials ranged

from 21% to 69%.6 In 2007–2008, S. maltophilia was the third most frequent,
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non-fermentative, gram-negative bacterium causing hospi-

tal-associated bacteremia at Siriraj Hospital.7 The risk

factors for S. maltophilia colonization and infections

include previous exposure to broad-spectrum antibiotics,

prolonged hospitalization, an intensive care unit stay,

mechanical ventilation, use of intravascular devices, and

an immunocompromised host.8,9

S. maltophilia is usually resistant to several antibiotics

because it confers various mechanisms of drug resistance,

such as decreased permeability, the production of beta-

lactamase and carbapenemase enzymes, the production of

aminoglycoside-modifying enzymes, and the presence of

multidrug efflux pumps. The treatment of S. maltophilia is

challenging due to its multidrug resistance. The adminis-

tration of appropriate antibiotics to combat this organism

is occasionally delayed because physicians do not recog-

nize the risk factors and clinical characteristics of

S. maltophilia infections, which later leads to high

mortality.10,11 The clinical characteristics and treatment

outcomes of S. maltophilia infections in Thailand have

rarely been described. This study set out to establish the

clinical characteristics of patients who had S. maltophilia

infections and to identify the risk factors associated with

mortality. Knowing such information about S. maltophilia

infections may increase physicians’ abilities to make early

diagnoses, thereby improving the clinical outcomes.

Patients and Methods
Study Population
We conducted a retrospective study to determine the clin-

ical characteristics and factors associated with mortality of

S. maltophilia infections among hospitalized adult patients

at Siriraj Hospital. The clinical characteristics, microbio-

logical data, and treatment outcomes were collected from

medical records December 2013–December 2016.

Subjects aged over 18 years who had at least one positive

culture of S. maltophilia isolated from clinical samples

were included. We only enrolled subjects who had clinical

signs and/or findings of an S. maltophilia infection.

A positive culture without evidence of a clinical infec-

tion was considered to be colonization, and it was thus

excluded from the analysis. The terms “infections” and

“colonization” were defined according to the US CDC

definitions for nosocomial infection surveillance.12 In the

case of patients who had multiple episodes of

S. maltophilia, only the first infection episode was ana-

lyzed by the current study.

Data Collection
The medical records of the enrolled patients were reviewed

to obtain relevant information. Details of the following were

compiled: demographic data; hospitalization unit (namely,

the medical, surgical, or intensive care unit); comorbidities;

previous antimicrobial therapy; the use of systemic corti-

costeroids, chemotherapy, or radiation therapy; recent

operations or medical procedures; placement of catheteriza-

tion; duration of hospitalization; type of infection attributed

to S. maltophilia, co-infection with other organisms; treat-

ment; outcomes of the S. maltophilia infection; and all-

cause in-hospital mortality.

In our institute, a conventional gram-negative bio-

chemical-testing panel is usually performed to identify

gram-negative bacterial isolates, including S. maltophilia.

If the isolate identification remains unclear, the automated

identification system, such as VITEK system, will be

tested for the species identification. Regarding the

Clinical and Laboratory Standards Institute (CLSI),

a disk diffusion method of three antimicrobial agents,

namely minocycline, levofloxacin, and trimethoprim-

sulfamethoxazole is routinely performed for the antimicro-

bial susceptibility testing (AST) of S. maltophilia isolates.

In addition, the microbiological data collected com-

prised the source and type of clinical sample positive for

S. maltophilia isolates; co-pathogens isolated from the same

sample in which S. maltophilia was first identified; and the

antimicrobial susceptibilities of the S. maltophilia isolates.

Definitions
A “hospital-acquired infection” was defined as an episode

of infection that occurred more than 48 hours after hospi-

talization. A “community-acquired infection” was defined

as an infection onset occurring at the home of a patient

who had no recent contact with a healthcare facility or an

infection onset occurring within the first 48 hours of hos-

pitalization. “Immunosuppression” was defined as the

administration of immunosuppressive therapy for an auto-

immune disease, of chemotherapy for neoplasia, or of

systemic corticosteroids; or the presence of leukemia,

lymphoma, an HIV-infection, or a splenectomy. The

source of each S. maltophilia infection was determined

clinically and was based on the location of the active site

of infection, with the S. maltophilia isolates identified and

assessed by the investigators.

As to the antimicrobial treatments, “empirical antimi-

crobial therapy” was defined as the antimicrobial agent(s)
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administered from the infection onset until the initial iso-

lation of S. maltophilia. “Definite antimicrobial therapy”

was defined as the antimicrobial agent(s) administered

soon after the culture and the antimicrobial susceptibility

results were available.

The primary outcome was the all-cause in-hospital

mortality, which was defined as death from any cause

during hospitalization.

Sample Size Calculation
Our study used the sequential organ failure assessment

(SOFA) score being one of the factors significantly asso-

ciated with the in-hospital mortality for sample size calcu-

lation. According to Saugel et al, the median SOFA score

in the survival group was 8 (range 1–16), whereas the

median SOFA score in the non-survival group was 12.5

(range 4–21).13 The sample size was determined by the

Mann–Whitney U-test with 5%Type I error and 20%

power of test, in which a total of 32 subjects were required

for each factor. We estimated that at least three variables

would be identified for being factors significantly asso-

ciated with in-hospital mortality. Thus, 100 subjects were

included in the study.

Statistical Analyses
Data were analyzed using IBM SPSS Statistics for

Windows, version 20.0 (IBM Corp., Armonk, NY,

USA). A univariate analysis was performed to assess

the factors associated with all-cause in-hospital mortal-

ity. Student’s t-test was used for continuous variables,

and the chi-squared test or Fisher’s exact test was used

for categorical variables, as appropriate. Any variable

determined to have a significant association with mor-

tality in the analysis was subsequently entered in

a multivariate, forward, stepwise (likelihood ratio),

logistic regression model. A p-value of ≤0.05 was con-

sidered statistically significant.

Results
Patient Characteristics
Of the 1221 subjects whose clinical samples grew

S. maltophilia during the study period, 213 were ran-

domly selected for chart review. A total of 100 patients

with a true S. maltophilia infection were identified. The

median age of those subjects was 66 years; 47 were

males; 46 were critically ill, having a median Acute

Physiological Assessment and Chronic Health

Evaluation (APACHE) II score of 18 (2–32); and 100

episodes (100%) of hospital-acquired infections were

confirmed. Only 2 infection episodes were acquired

infections following the hospital discharge. One of

those 2 patients developed S. maltophilia septicemia

following a 1-day-long endoscopic retrograde cholangio-

pancreatography procedure, while the other patient was

diagnosed with a complicated urinary tract infection due

to a percutaneous nephrostomy infection. The most fre-

quent infections were respiratory tract infections (53%)

and bloodstream infections (25%), with the latter com-

prised of catheter-related bloodstream infections (14%)

and primary bacteremia (11%). Forty-three patients

(43%) developed bacteremia following the onset of the

S. maltophilia infection. The median length of hospita-

lization was 19 days before infection onset. Only 16

(16%) patients received appropriate empirical antimicro-

bial treatment, whereas 72 (72%) patients received

appropriate definite antimicrobial treatment after the

culture results were known. Additional baseline charac-

teristics and clinical data of the subjects are detailed in

Table 1.

Regarding the clinical characteristics of the patients

with an S. maltophilia infection, most (91%) had received

prior antibiotic treatments, mainly with carbapenems

(56%); and 58 (58%) were on mechanical ventilation

(58%). Moreover, 77 (77%) had retained intravascular

catheterization: 37 (37%) of these had a central venous

catheter, while 40 (40%) had an indwelling catheter

(usually a double lumen catheter, Hickman catheter, or

arterial line). Additional clinical characteristics are listed

in Table 2.

Microbiological Data
Sixty-five patients (65%) had isolations of polymicrobial

organisms with two or more organisms. The samples with

multiple organisms were obtained from the respiratory tract

(35 samples), bloodstream (14), urine (7), intra-abdominal

region (5), and hepatobiliary system (4 samples). Gram-

negative bacteria were the most common organisms recov-

ered concomitantly with S. maltophilia; they included

Enterobacteriaceae (25 isolates), A. baumannii (19 iso-

lates), and P. aeruginosa (12 isolates). Details of the organ-

isms co-isolated with S. maltophilia are in Table 3.

Antimicrobial susceptibility testing of the S. maltophilia

isolated from the 100 patients revealed a 100% susceptibility

to minocycline, 94% susceptibility to levofloxacin, and 91%

susceptibility to trimethoprim-sulfamethoxazole. The
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Table 1 Baseline Characteristics, Clinical Data, and Treatment

Outcomes of Hospitalized Patients Who Had S. maltophilia
Infections

Characteristics Total

n = 100

Median age (range), years 66 (19–90)

Male, n (%) 47 (47)

Underlying disease, n (%)

Diabetes mellitus 31 (31)

Hypertension 51 (51)

Cardiac disease 22 (22)

Chronic pulmonary disease 12 (12)

Chronic kidney disease 21 (21)

Chronic liver disease 13 (13)

Cerebrovascular disease 17 (17)

Malignancies 45 (45)

Organ transplant recipient 2 (2)

Autoimmune diseases 6 (6)

Receiving immunosuppressive therapy 20 (20)

Cause of hospitalization, n (%)

Infections not related to S. maltophiliaa

Respiratory tract infection 14 (14)

Urinary tract infection 8 (8)

Hepatobiliary tract infection 7 (7)

Bacteremia 6 (6)

Intra-abdominal infection 4 (4)

Others 6 (6)

Scheduled chemotherapy 6 (6)

Surgery 16 (16)

Diagnostic intervention 14 (14)

Others 19 (19)

Critically ill patient, n (%) 46 (46)

Median ICU LOS (range), days 10 (1–207)

Median APACHE II score (range) 18 (2–32)

Median SOFA score (range) 8 (1–19)

Type of S. maltophilia infection, n (%)

Community acquired infection 0

Hospital acquired infectionb 100 (100)

Type of in-patient unit during the infection, n (%)

Medicine ward 36 (36)

Surgery ward 7 (7)

ICU 35 (35)

Others 22 (22)

Median duration before the infection (range), days 19 (1–207)

Median SOFA score at the infection (range) 6 (1–19)

S. maltophilia infection with bacteremia, n (%) 43 (43)

Primary focus of infection, n (%)

Primary bacteremia 11 (11)

CRBSI 14 (14)

Pneumonia 53 (53)

(Continued)

Table 1 (Continued).

Characteristics Total

n = 100

Intra-abdominal infection 6 (6)

Hepatobiliary tract infection 8 (8)

Urinary tract infection 7 (7)

Ocular infection 1 (1)

Antimicrobial treatment, n (%)

Empirical antimicrobial treatment

Appropriate 16 (16)

Inappropriate 84 (84)

Definite antimicrobial treatment

Appropriate 72 (72)

Inappropriate 28 (28)

Median duration of definite antimicrobial treatment

(range), days

14 (2–60)

Treatment outcomes at discharge, n (%)

Survived 46 (46)

Deceased 54 (54)

Notes: aPre-existing infection prior to the onset of S. maltophilia
infection. bTwo cases acquired S. maltophilia infection after the hospital dis-

charge. One patient had bacteremia post endoscopic retrograde cholangiopan-

creatography, another patient had urinary tract infection post-percutaneous

nephrostomy.

Abbreviations: APACHE II, acute physiology and chronic health evaluation;

CRBSI, catheter-related bloodstream infection; ICU, intensive care unit; LOS,

length of stay; SOFA, sequential organ failure assessment.

Table 2 Clinical Characteristics at the Onset of the S. maltophilia
Infections

Characteristics Total

n = 100

Antimicrobial agent used in the preceding 2 weeks,

n (%)

91 (91)

Carbapenems 62 (56)

Piperacillin-tazobactam 18 (16)

Cephalosporins 11 (10)

Serum albumin level <3 g/dL, n (%) 88 (88)

Urinary catheterization, n (%) 71 (71)

On mechanical ventilator, n (%) 58 (58)

Surgery during the preceding month, n (%) 43 (43)

Intravascular catheterization, n (%) 40 (40)

Multi-organ dysfunction, n (%) 37 (37)

Central venous catheter, n (%) 37 (37)

Concurrent immunosuppressive treatment, n (%) 33 (33)

Hemodialysis, n (%) 22 (22)

Previous S. maltophilia colonization, n (%) 19 (19)

Chemotherapy during the preceding month, n (%) 13 (13)
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percentage of antimicrobial susceptibility testing profile of

100 S. maltophilia isolates from the study subjects is shown

in Table 4.

Factors Associated with in-Hospital

Mortality
The overall, in-hospital mortality rate was 54%. In the uni-

variate analysis, the variables that were significantly asso-

ciated with increased, all-cause in-hospital mortality were

a pre-existing respiratory infection (OR 6.28, 1.33–29.78;

p.021); a critical illness (OR 3.33, 1.45–7.62; p.005); multi-

organ dysfunction (OR 2.44, 1.05–5.70; p.039); being on

mechanical ventilation (OR 4.44, 1.90–10.39; p.001); receiv-

ing concurrent immunosuppressive therapy (OR 2.67, 1.10–-

6.47; p.029); intravascular catheterization (OR 4.43,

1.79–10.92; p.001); urinary catheterization (OR 4.83, 1.87–-

12.47; p.001); and a serum albumin level of <3 g/dL (OR

4.13, 1.05–16.33; p.043). In 65 patients with the polymicro-

bial isolations, 29 (44.6%) survived, and 36 (55.4%) had fatal

outcomes. In 35 patients who had S. maltophilia infection

alone, 17 (48.6%) survived, and 18 (51.4%) had fatal out-

comes. The subsequent multivariate logistic regression

model was adjusted for the polymicrobial organism vari-

ables. That analysis revealed that 2 factors were

independently associated with mortality: concurrent immu-

nosuppressive therapy (OR 2.26, 1.04–6.82; p 0.042) and

mechanical ventilation (OR 4.43, 1.86–10.59; p 0.001;

Table 5). Inappropriate empirical antimicrobial therapy did

not have a significant impact onmortality in this study. Of the

54 patients who died, 44 (81.5%) received inadequate

empirical antimicrobial treatment for S. maltophilia, whereas

of the 46 who survived, 40 (87%) received inadequate

empirical antimicrobial treatment (p 0.459). The administra-

tion of definite antimicrobial treatment was also not asso-

ciated with mortality: 36 out of the 46 (78.3%) patients who

survived, versus 36 out of the 54 (66.7%) patients who died,

received appropriate definite antimicrobial therapy (p 0.201).

Discussion
In this study, we reviewed 100 cases with an S. maltophilia

infection during a 4-year period at a large tertiary care

center, Siriraj Hospital, Bangkok, Thailand. The cases of

S. maltophilia infection were drawn from several hospital

wards, but mainly from the medicine ward and the inten-

sive care unit. Almost all infections occurred during inpa-

tient care. The median duration of hospitalization before

the onset of the infections was 19 days, which was similar

to the findings of several other studies.14,15

The main characteristics of the patients who developed

S. maltophilia infections were the presence of prior anti-

microbial treatment (especially with carbapenems); being

cannulated with a vascular catheter; being on mechanical

ventilation; having had previous surgery; and a low serum

albumin level. A number of patients had immunosup-

pressed conditions due to underlying disease, receiving

corticosteroids, or chemotherapy. Those characteristics

were also identified by earlier studies.16–20 Moreover, the

most frequent S. maltophilia infections in the current study

were similar to those observed in other relevant studies,

namely, respiratory tract infections, followed by blood-

stream infections and intra-abdominal infections.3,4,15

Although the in-hospital mortality rate of 54% in our

study was high, it was consistent with the rates of 20–60%

reported by a number of published studies.20–22 While poly-

microbial organism isolations constituted a considerable pro-

portion in our study, other more virulent pathogens may be

a more important mortality risk factor. The multivariate

analysis was adjusted for the polymicrobial organism vari-

ables because it was difficult to ascertain the pathogenic role

of S. maltophilia, especially in cases of polymicrobial

Table 3 The Number of Organisms Co-Isolated with

S. maltophilia in the Index Culture Specimen for Diagnosis of

S. maltophilia Infections from 65 Patients

Type of Organism Total

Gram-negative bacteria, n

Enterobacteriaceae 25

Acinetobacter baumannii 19

Pseudomonas aeruginosa 12

Others 8

Gram-positive bacteria, n

Staphylococci 12

Enterococci 10

Others 1

Candida spp., n 13

Table 4 Percentage of Antimicrobial Susceptibility Testing Profile

of 100 S. maltophilia Isolates from the Study Subjects

Agenta S I R

Minocycline 100 – –

Levofloxacin 94 – 6

Trimethoprim-sulfamethoxazole 91 - 9

Note: aTesting by disk diffusion method according to the Clinical and Laboratory

Standards Institute (CLSI).

Abbreviations: I, intermediate; R, resistant; S, susceptible.

Dovepress Insuwanno et al

Infection and Drug Resistance 2020:13 submit your manuscript | www.dovepress.com

DovePress
1563

http://www.dovepress.com
http://www.dovepress.com


organism isolation. However, the mortality rate of patients

with polymicrobial organism isolations was not significantly

different from that of patients with only S. maltophilia isola-

tion. Co-infection with multiple isolates might not indicate

the true polymicrobial infection, but it may represent micro-

bial colonizations in a prolonged hospitalized patient, which

did not alter the patient’s prognosis. The only independent

risk factors associated with mortality in patients with

S. maltophilia infections were receiving concurrent immuno-

suppressive therapy and being on mechanical ventilation,

which was similar to the results of other research.10,22 Two

independent risk factors associated with mortality that were

identified by some previous studies—namely, admission to

an intensive care unit and an APACHE II score of >1516,17,22

are not consistent with our research. These discrepancies

were most probably because of different indications being

used by our hospital for intensive care unit admission, and

inaccurate APACHE II scores in our medical records.

Surprisingly, the inappropriateness of empirical and defini-

tive antimicrobial therapy was not associated with mortality

in the current study. In contrast, previous studies have

reported that the initial administration of inappropriate anti-

microbial treatment was a significant predictor of

mortality.19,23,24 Several conditions, such as age, comorbid-

ity, severity of illness, immunosuppression, and malnutrition,

may contribute to an increase in the rate of mortality.

For the treatment of S. maltophilia infections, trimetho-

prim-sulfamethoxazole has long been considered as the first-

line therapeutic agent; nevertheless, a 2%–25% resistance rate

has been reported.25 The present research demonstrated that

levofloxacin and trimethoprim-sulfamethoxazole were still

highly active against S. maltophilia isolates, which is different

from the findings of previous studies.15,17 Nevertheless, those

two agents are frequently prescribed by treating physicians in

hospitals as the empirical and targeted therapy for patients who

have S. maltophilia infections. When the isolates were suscep-

tible to those agents, levofloxacin did not show significantly

more benefit over trimethoprim-sulfamethoxazole in patients

with S. maltophilia infections or bacteremia.26,27 However, the

rates of susceptibility of fluoroquinolones and trimethoprim-

sulfamethoxazole have varied (21%–82%, and 81%–85%,

respectively) in different studies.15,17 Some previous studies

found fluoroquinolone-resistant strain and inappropriate fluor-

oquinolone treatment when the organisms resistant to were

factors predicting the non-survival outcome.28,29 Although

minocycline has demonstrated very promising in vitro activity

against the isolates, this agent is unfortunately not presently

available in Thailand.

Our study had some limitations. The chief one was its

retrospective design, which prevented us from accurately

differentiating between true infections and colonization

with S. maltophilia isolates and other polymicrobial organ-

isms, thereby hampering accurate diagnosis. Moreover, as we

used the in-hospital all-cause mortality rate as the primary

outcome, the effects of underlying diseases or other medical

conditions could not be excluded. In addition, given that the

subjects were drawn from only a single tertiary center, our

results may be limited and not able to be applied to different

settings. A prospective, well-designed, case–control study

should be conducted to more precisely evaluate the risk

factors of S. maltophilia infections, the impact of appropriate

antimicrobial therapy, and the mortality outcome.

Conclusion
S. maltophilia can cause nosocomial infections with high

mortality, particularly in patients who have prolonged

hospitalization, have a critical illness, are on mechanical

ventilation, have been cannulated with a vascular catheter

Table 5 Factors Associated with All-Cause in-Hospital Mortality of Patients Who Had S. maltophilia Infection

Variables Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Pre-existing respiratory infection 6.28 (1.33–29.78) 0.021

Critical illness 3.33 (1.45–7.62) 0.005

Multi-organ dysfunction 2.44 (1.05–5.70) 0.039

On mechanical ventilator 4.44 (1.90–10.39) 0.001 4.43 (1.86–10.59) 0.001

Concurrent immunosuppressive therapy 2.67 (1.10–6.47) 0.029 2.26 (1.04–6.82) 0.042

Intravascular catheterization 4.43 (1.79–10.92) 0.001

Urinary catheterization 4.83 (1.87–12.47) 0.001

Serum albumin level <3 g/dL 4.13 (1.05–16.33) 0.043

Polymicrobial organism isolated 1.17 (0.51–2.67) 0.705
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or are malnourished. The independent factors associated

with a fatal outcome are being on a mechanical ventilator

and receiving concurrent immunosuppressive therapy.

Abbreviations
APACHE II, acute physiology and chronic health evalua-

tion; AST, antimicrobial susceptibility testing; CDC,

Centers for Disease Control and Prevention; CRBSI,

catheter-related bloodstream infection; CLSI, Clinical and

Laboratory Standards Institute; HIV, human immunodefi-

ciency virus; I, intermediate; ICU, intensive care unit;

LOS, length of stay; R, resistant; S, susceptible; SOFA,

sequential organ failure assessment; US, United State.
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