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Purpose: The purpose of this study was to analyze the prognosis of patients tested positive for Stenotrophomonas maltophilia (SMA) 
from different sources.
Methods: A retrospective study was conducted among 651 patients tested positive for SMA from January 2020 to October 2022 in 
the First Affiliated Hospital of Anhui Medical University. The patients were divided into seven groups by the source of SMA. 
Univariate and multivariate analyses were used to identify risk factors for mortality in patients tested positive for SMA from different 
sources.
Results: A total of 651 SMA isolates were collected from various sources, including sputum (348 isolates, 53%), bronchoalveolar 
lavage fluid (52, 8%), abdominal drainage fluid (76, 12%), wound secretion (66, 10%), blood (62, 10%), urine (41, 6%) and 
cerebrospinal fluid (6, 1%). Compared with other groups, the mortality of the patients in the bronchoalveolar lavage fluid culture 
group, blood culture group, and abdominal drainage fluid culture group was higher, at 40.38%, 32.26%, and 26.32%, respectively. 
Multivariate analysis showed that continuous renal replacement therapy was an independent risk factor for mortality in patients with 
SMA bloodstream infection (P=0.020, OR=6.86), and effective antimicrobial therapy after being positive for S. maltophilia isolates 
(P=0.002, OR=0.10) was negatively correlated with the death of patients with SMA bloodstream infection. Age ≥65 years (P= 0.043, 
OR=4.96), kidney disease (P=0.045, OR=4.62) and antifungal agent exposure (P=0.036, OR=5.13) were independent risk factors for 
mortality in patients with SMA intra-abdominal infection. Antifungal agent exposure (P=0.024, OR=0.51) and glycopeptide exposure 
(P=0.045, OR=0.53) were independent risk factors for mortality in patients in the sputum culture group.
Conclusion: SMA has a high rate of antimicrobial resistance and can cause multisite infection. Pulmonary infections, bloodstream 
infections and abdominal infections caused by SMA have high mortality, and timely standardized treatment can reduce mortality.
Keywords: Stenotrophomonas maltophilia, prognosis, antimicrobial susceptibility, treatment

Introduction
Stenotrophomonas maltophilia (SMA) is a nonfermentative, gram-negative, conditionally pathogenic bacterium that is 
widespread in sewage, tap water, soil, animals, plants and human bodies. It can be isolated from tracheal cannulas, 
various catheters, sputum aspirators, artificial ventilators and hand sanitizers of medical staff in the hospital.1 Currently, 
S. maltophilia has emerged as an important pathogen of nosocomial infection.2

According to the 2021 China Antimicrobial Surveillance Network(CHINET) report,3 S. maltophilia in China is the 
third most prevalent bacterial pathogen following Pseudomonas aeruginosa and Acinetobacter baumannii among 
nonfermentable bacteria, and the isolation rate of S. maltophilia in clinical specimens has been increasing yearly. It 
mainly induces respiratory tract infection but can also cause multisite infections, such as bloodstream infections, urinary 
tract infections, skin and soft tissue infections, bone and joint infections, biliary tract infections, ocular, endocarditis, 
meningitis and oral infections.4,5 S. maltophilia mainly causes infections in vulnerable groups, including patients in the 
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intensive care unit (ICU), neonates, lung transplant recipients, patients with organ failure, patients with cystic fibrosis 
(CF), and patients with chronic obstructive pulmonary disease (COPD) or bronchiectasis.6–12 In addition, due to its 
complex resistance mechanisms, including the production of β-lactamase, biofilm and drug efflux pumps, reduction of 
the outer membrane permeability, and integron-mediated resistance genes, S. maltophilia shows inherent resistance to 
multi-antimicrobial agents, and the empiric treatment to S. maltophilia should be highlighted accordingly.13–17 Although 
S. maltophilia is reported to be increasingly resistant to TMP-SMX, it remains effective as a first-line antibiotic.18–20 

However, it is controversial whether patients with positive S. maltophilia isolates require treatment, because it is difficult 
to clearly distinguish infection or colonization with positive S. maltophilia isolates. Colonization is a component of 
pathogen persistence and damage to susceptible hosts. It has been demonstrated that persisting multidrug-resistant gram- 
negative bacilli increase mortality and promote bloodstream infection progression in adult patients.21 Recently, there has 
been no systematic study about the treatment and prognosis of S. maltophilia infection from different sources.

The purpose of this study was to explore risk factors for mortality in patients positive for S. maltophilia isolates from 
different sources to control S. maltophilia infection.

Materials and Methods
Study Design
A retrospective study was conducted among 651 patients who were positive for S. maltophilia isolates from January 2020 
to October 2022 in the First Affiliated Hospital of Anhui Medical University. To avoid duplication, only patients with the 
first episode of being colonized and infected S. maltophilia were included in this study. The patients’ clinical information 
was obtained from medical records. The enrolled patients were divided into a blood culture group, urine culture group, 
sputum culture group, bronchoalveolar lavage fluid culture group, abdominal drainage fluid culture group, wound 
secretion culture group and cerebrospinal fluid culture group according to the source of S. maltophilia specimens. The 
patients with positive S. maltophilia isolates from different sources were analyzed using both univariate and multivariate 
analyses to identify risk factors for mortality.

According to whether patients received antimicrobial therapy, the patients were divided into antimicrobial therapy 
groups and non-antimicrobial therapy groups. The following antibiotics were used for S. maltophilia infections: TMP- 
SMX, minocycline, tigecycline, levofloxacin, or cefoperazone-sulbactam, in accordance with the antimicrobial sensitivity 
testing.

Bacterial cultures were performed using blood agar plate, chocolate agar plate medium and MacConkey agar medium, 
for 24 hours at 37 °C. The isolates were confirmed using the VITEK GNI system (bioMerieux Vitek Inc, Hazelwood, 
MO, USA) and Clin-ToF-II.

Data Retrieval
The patients’ electronic medical records were reviewed. Demographic and clinical variables were obtained, including 
general information (sex, age, length of hospital stay, ICU admission), comorbidities (pulmonary disease, diabetes, 
kidney disease, hypoalbuminemia, malignancy, cardiovascular, cerebrovascular, rheumatic disease, liver dysfunction), 
invasive procedures (surgery, mechanical ventilator, tracheotomy, gastric tube insertion, urinary catheterization and 
central venous catheter), special treatments (corticosteroids, immunosuppressants, chemotherapy, CRRT), antimicrobial 
exposure (carbapenems, β-lactamase inhibitor, cephalosporins, fluoroquinolone, aminoglycoside, glycopeptides, antifun-
gal agents), and antibiotic treatment data.

Ethics
This study was approved by the Biomedical Ethics Committee of Anhui Medical University (approval No. 20200865). 
Given that this was a retrospective study, the requirement for informed consent was waived by the ethics committee. 
Patient data were obtained from the medical record system and analyzed anonymously to protect patient privacy. We 
declare that this study is in accordance with the Helsinki Declaration and the relevant national laws and policies, and 
never disclose the information of all patients.
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Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing was determined using the microdilution method, according to the Clinical and 
Laboratory Standards Institute Performance Standards for Antimicrobial Susceptibility Testing, 33rd informational 
supplement.22 The following antimicrobial agents were tested against S. maltophilia strains: trimethoprim/sulfamethox-
azole (TMP-SMX), minocycline (MIN), levofloxacin (LVX), cefoperazone/sulbactam, tigecycline (TGC). All antibiotics 
are from Sigma-Aldrich China, Inc. All experiments were repeated three times. The breakpoint of tigecycline for 
S. maltophilia was based on the standard of the US Food and Drug Administration. S. maltophilia 17666, 
Pseudomonas aeruginosa ATCC 27853, and Escherichia coli ATCC 25922 were used as controls for antimicrobial 
susceptibility testing.

Statistical Analysis
IBM SPSS Statistics V26.0 statistical software package was used for analysis. Categorical variables were expressed as 
the number of cases (n) or percentage (%). For the univariate analyses, chi-squared or Fisher’s exact tests were used for 
categorical variables. We considered a P value <0.05 to be statistically significant. A multivariate logistic regression was 
conducted based on the significant variables from a univariate analysis (P<0.05). The results were reported as odds ratios 
(ORs) with 95% confidence intervals (CIs) and P values. P values <0.05 were considered statistically significant.

Results
Distribution of S. maltophilia Isolates
A total of 651 S. maltophilia isolates were collected from various sources, including the respiratory tract [sputum (348 
isolates, 53%), alveolar lavage fluid (52, 8%)], abdominal drainage fluid (76, 12%), wound secretions (66, 10%), blood 
(62, 10%), urine (41, 6%) and cerebrospinal fluid (6, 1%). S. maltophilia isolates in the blood culture group, bronch-
oalveolar lavage fluid culture group in the sputum culture group and cerebrospinal fluid culture group were mainly 
distributed in the ICU, accounting for 77.4% (48/62), 88% (46/52), 44% (153/348) and 67% (4/6), respectively.

Antimicrobial Sensitivity Testing and Therapy
The antimicrobial susceptibility rates of 651 S. maltophilia isolates to tigecycline, minocycline, cefoperazone-sulbactam, 
levofloxacin and TMP-SMX were 98.8%, 97.4%, 90.3%, 89.4% and 75.0%, respectively. Among patients who were 
treated with antimicrobial therapy, 20(46.51%), 38(77.55%), 141(62.95%), 23(54.76%), and 25(55.56%) patients were 
treated with TMP-SMX, minocycline, tigecycline, levofloxacin, or cefoperazone-sulbactam alone in the blood culture 
group, abdominal drainage fluid group, sputum culture group, alveolar lavage fluid group, and wound secretion group, 
respectively, whereas 23(53.49%), 11(22.45%), 83(37.05%), 19(45.24%), and 20(44.44%) patients were treated in com-
bination therapy with cefoperazone-sulbactam. Patients in the urine culture group who received antimicrobial therapy 
included 16(59.26%) who were treated monotherapy with minocycline, levofloxacin, or cefoperazone-sulbactam, and 11 
(40.74%) who were treated in combination with levofloxacin.

Prognosis of Patients with Positive S. maltophilia Isolates
As shown in Figure 1, compared with other groups, the mortality of the patients in the bronchoalveolar lavage fluid 
culture group, blood culture group, and abdominal drainage fluid culture group were higher, which were 40.38%, 
32.26%, and 26.32%, respectively.

As shown in Table 1, timely effective antimicrobial therapy after positive S. maltophilia isolates significantly reduced 
the mortality of patients with S. maltophilia bloodstream (P=0.001) or intra-abdominal infection (P=0.034) and was not 
correlated with mortality in the urine culture group, alveolar lavage fluid culture group, sputum culture group or wound 
secretion culture group.
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Risk Factors for Mortality in Patients Positive for S. maltophilia Isolates
The univariate analysis showed that surgery and timely effective antimicrobial therapy after positive S. maltophilia 
isolates were negatively correlated with the mortality of the patients with S. maltophilia bloodstream infection (P<0.05), 
and the patients with S. maltophilia bloodstream infection in the death group received more CRRT (P<0.05) (Table 2). 
Age ≥65 years, kidney disease, carbapenem exposure and antifungal drug exposure were associated with mortality in the 
drainage fluid culture group (P<0.05), and antimicrobial therapy after positive S. maltophilia isolates can reduce 
mortality (P<0.05) (Table 3). ICU admission, kidney disease, urinary catheterization, central venous catheter, CRRT 
and antibiotic exposure (carbapenem, glycopeptide, antifungal agent) were associated with mortality in the sputum 
culture group (P<0.05) (Table 4). Age ≥65 and diabetes mellitus were associated with mortality in the alveolar lavage 
fluid culture group (P<0.05) (Table 5).

The multivariate analysis suggested that CRRT was an independent risk factor for the mortality of patients with 
S. maltophilia bloodstream infection (P=0.020, OR=6.86), and timely effective antimicrobial therapy after being 
positive for S. maltophilia isolates was negatively correlated with the death of patients with S. maltophilia blood-
stream infection (P=0.002, OR=0.10) (Table 2). Age ≥65 years (P=0.043, OR=4.960), kidney disease (P=0.045, 
OR=4.620) and antifungal agent exposure (P=0.036, OR=5.13) were independent risk factors for mortality in 
S. maltophilia patients with intra-abdominal infection (Table 3). Antifungal agent exposure (P=0.024, OR=0.51) 
and glycopeptide exposure (P=0.045, OR=0.53) were independent risk factors for the mortality of patients in the 
sputum culture group (Table 4).

Figure 1 The mortality of patients with positive S. maltophilia isolates at different sites.

Table 1 Analysis of Mortality of Patients with Positive S. maltophilia Isolates Between Antimicrobial Therapy 
Group and Non-Antimicrobial Therapy Group at Different Sites [Cases, Rate (%)]

Groups Deaths (%) Univariate Analysis

Antimicrobial Therapy Non-Antimicrobial Therapy P value

Blood 8 (18.60) 12 (63.15) 0.001
Urine 1 (3.70) 1 (7.14) 0.632

Peritoneal drainage fluid 9 (18.37) 11 (40.74) 0.034
Alveolar lavage fluid 16 (38.09) 5 (50.00) 0.741
Sputum 55 (24.55) 24 (19.35) 0.268

Wound secretion 5 (11.11) 0 (0.00) -

Notes: P values less than 0.05 are bolded. Antimicrobial therapy is recommended in the guidelines.23
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Table 4 Analysis of Risk Factors for Mortality of Patients with Positive S. maltophilia in Sputum Culture Group[Cases, 
Rate (%)]

Items Univariate Analysis Multivariate Analysis

Survival (n=269) Death (n=79) P value OR (95% CI) P value

ICU admission 148 (55) 56 (70.9) 0.012 1.22 (0.51, 2.89) 0.653
Kidney disease 56 (20.8) 28 (35.4) 0.008 0.64 (0.35, 1.17) 0.146

Urinary catheterization 188(69.9) 66(83.5) 0.016 0.60 (0.23, 1.58) 0.302

Central venous catheter 166(61.7) 63(79.7) 0.003 0.65 (0.27–1.54) 0.325
CRRT 25(9.3) 21(26.6) 0.000 0.50 (0.24, 1.05) 0.066

Carbapenem exposure 149(55.4) 55(69.6) 0.024 0.77 (0.392, 1.52) 0.455

Glycopeptide exposure 75(27.9) 38(48.1) 0.001 0.53 (0.28, 0.99) 0.045
Antifungal agent exposure 81(30.1) 39(49.4) 0.002 0.51 (0.28, 0.92) 0.024

Notes: P values less than 0.05 are bolded. 
Abbreviations: ICU, intensive care unit; CRRT, continuous renal replacement therapy.

Table 5 Analysis of Risk Factors for Death of Patients with Positive S. maltophilia in the Alveolar Lavage 
Fluid Culture Group[Cases, Rate (%)]

Items Univariate Analysis Multivariate Analysis

Survival (n=31) Death (n=21) P value OR (95% CI) P value

Age≥65 years 14(45.16) 16(76.19) 0.026 2.90 (0.80, 10.48) 0.105

Diabetes mellitus 2(6.45) 7(33.33) 0.032 5.25 (0.91, 30.20) 0.06

Table 2 Analysis of Risk Factors for Mortality in 62 Patients with Positive S. maltophilia in the Blood Culture Group [Cases, 
Rate (%)]

Items Univariate Analysis Multivariate Analysis

Survival (n=42) Death (n=20) P value OR (95% CI) P value

Surgery 26(61.90) 5(25.00) 0.007 0.27(0.07, 1.03) 0.056
CRRT 5(11.90) 8(40.00) 0.027 6.86(1.35,34.94) 0.020
Antimicrobial therapy after SMA isolates 35(83.33) 8(40.00) 0.001 0.10(0.02,0.43) 0.002

Notes: P values less than 0.05 are bolded. 
Abbreviations: CRRT, continuous renal replacement therapy; SMA, Stenotrophomonas maltophilia.

Table 3 Analysis of Risk Factors for Mortality of Patients with Positive S. maltophilia in Abdominal Drainage Fluid Culture 
Group[Cases, Rate (%)]

Items Univariate Analysis Multivariate Analysis

Survival (n=56) Death (n=20) P value OR (95% CI) P value

Age≥65 years 17(30.36) 13(65.00) 0.007 4.96(1.05,23.43) 0.043
Kidney disease 6(10.71) 11(55.00) 0.000 4.62(1.04,20.57) 0.045
Carbapenem exposure 30(53.57) 18(90.00) 0.004 5.39(0.85,34.21) 0.074
Antifungal agent exposure 8(14.29) 8(40.00) 0.036 5.13(1.11,23.72) 0.036
Antimicrobial therapy after SMA isolates 40(71.43) 9(45.00) 0.034 0.42(0.10,1.78) 0.240

Notes: P values less than 0.05 are bolded. 
Abbreviation: SMA, Stenotrophomonas maltophilia.
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Discussion
S. maltophilia is an emerging opportunistic pathogen in hospital and community settings, as well as the most common 
carbapenem-resistant gram-negative bacteria in bloodstream infections, and its morbidity is increasing worldwide.24 

S. maltophilia is intrinsically resistant to most antibiotic treatments, which greatly limits its treatment.13 With the 
progress of the aging society, the threat of S. maltophilia to public health safety has become increasingly serious.

Similar to previous reports, S. maltophilia in this study was mainly isolated from the respiratory tract, accounting for 
61% (400/651) of the total isolates, which might be related to its ability to form biofilms and colonize the respiratory tract 
of hospitalized patients.25,26 In this study, the patients in the bronchoalveolar lavage fluid culture group had significantly 
higher mortality than those in the sputum culture group (40.38% vs 22.7%), revealing that patients with positive 
S. maltophilia isolates from bronchoalveolar lavage should be considered for S. maltophilia infection, requiring 
antimicrobial therapy. According to reported studies, S. maltophilia bloodstream infection (BSI) is often preceded by 
colonization, and isolation of the organism from respiratory and/or gastrointestinal mucosa may signal a later infection.27 

Clinicians should be vigilant for the possibility of future S. maltophilia infection.
Compared with the other groups, the mortality of patients in the bronchoalveolar lavage fluid culture group, blood 

culture group, and abdominal drainage fluid culture group were higher, at 40.38%, 32.26%, and 26.32%, respectively, 
suggesting that patients with S. maltophilia pulmonary infection, bloodstream infection and abdominal infection had 
a higher risk of death. The increasing use of antibiotics and invasive surgery during long hospital stays pose a high risk of 
screening S. maltophilia out later in the disease process in critically ill patients.28

In this study, more than 50% of the patients in the blood culture group, abdominal drainage fluid culture group, 
sputum culture group and alveolar lavage fluid culture group had carbapenem exposure, which has been repeatedly 
identified as a risk factor for S. maltophilia infection.11,29,30 Indiscriminate use of carbapenems may disrupt the normal 
flora and facilitate the dominant growth of S. maltophilia into pathogenic bacteria, thus causing nosocomial 
infection.13,31,32 Therefore, it is necessary to be alert to the possibility of S. maltophilia infection when using carbape-
nems in clinical practice. Our study also showed that carbapenem exposure was associated with mortality in patients in 
the abdominal drainage fluid group and sputum culture group (P<0.05), and previous studies have shown that dismal 
outcomes of S. maltophilia infection appeared to be more likely among patients with prior carbapenem exposure.33–35 

Clinicians should pay attention to the rational use of carbapenems in the process of diagnosis and treatment. Our study 
also found that antifungal agent therapy was a risk factor for higher mortality among patients in the abdominal drainage 
fluid culture group, sputum culture group, and wound secretion culture group (P<0.05). Our study is similar to those 
reported recently in a retrospective study in China. In that study, antifungal agent therapy was associated with death 
among patients with S. maltophilia bloodstream infection (P=0.033).18

According to our study, CRRT was associated with higher mortality among patients in the blood culture group, wound 
secretion culture group, and sputum culture group (P<0.05). According to Jiang’s study, patients who require CRRT have low 
immunity and multiple organ failure (kidneys, livers, and hearts), resulting in further worsening of the condition, prolonged 
hospital stays, or even life-threatening effects caused by sepsis or septic shock.36 The long-term prognosis is poor. CRRT often 
involves central venous catheterization, which easily damages the body’s natural barrier, leading to internal and external 
communication that destroys the patient’s own barrier and circulatory pathway. As a result, immunity will be reduced, and the 
risk of bacterial colonization or infection will increase. A study by Yokota PK37 showed that central venous catheters are 
significant risk factors for bloodstream infection (BSI), which are directly associated with increased morbidity of 
S. maltophilia. It can be seen that shortening the hospital stay, reducing invasive operations and taking effective disinfection 
and isolation measures are important to avoid cross infection and prevent the epidemic of S. maltophilia infection. Timely 
removal of lesions is an important measure affecting the clinical efficacy and prognosis of S. maltophilia infection.38

Currently, it is controversial whether patients who are positive for S. maltophilia isolates require aggressive treatment 
because a clear distinction cannot be made between colonization and infection of S. maltophilia. According to the 
guidance document,23 in the present study, patients with mild infections were treated with TMP-SMX, minocycline, 
tigecycline, levofloxacin, or cefoperazone-sulbactam monotherapy, with TMP-SMX and cefoperazone-sulbactam being 
preferred treatments. The addition of a second therapeutic agent, such as minocycline, tigecycline, or levofloxacin, was 
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considered if TMP-SMX or cefoperazone-sulbactam alone did not result in clinical improvement. Our study revealed that 
S. maltophilia isolates were more susceptible to tigecycline, minocycline, and cefoperazone-sulbactam than levofloxacin 
and TMP-SMX. The susceptibility to TMP-SMX, was 75% in our study, which is lower than that in previous studies.22 

Our study found that antimicrobial therapy was significantly associated with lower mortality among patients with 
S. maltophilia bloodstream infections or abdominal infections (P<0.05). Therefore, when S. maltophilia is isolated 
from the patient’s blood or abdominal drainage fluid, corresponding antimicrobial therapy should be carried out 
according to antimicrobial susceptibility testing results. The choice of antimicrobial therapy for patients with positive 
S. maltophilia isolates from other sites should be based on the specific condition.

This study had some limitations. The sample size of our study was small, especially in the wound secretion group, 
urine culture group, and cerebrospinal fluid culture group. Besides, the design of our study was retrospective, and there 
are inherent limitations to this design.

Conclusion
S.maltophilia has a high rate of antimicrobial resistance and multiple susceptibility factors in the clinical setting and can 
cause infection at different sites. Clinicians need to be alert to the possibility of S. maltophilia infection. S. maltophilia 
pulmonary infection, bloodstream infections and abdominal infections have high morbidity and mortality rates, and 
timely standardized treatment can reduce morbidity and mortality. This study suggests that the clinical treatment of 
S. maltophilia needs further standardized management.
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