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Abstract 

Purpose  Stenotrophomonas maltophilia is a Gram-negative pathogen that most commonly causes hospital-acquired 
infections that can be extremely challenging to treat, contributing to underrecognized mortality throughout the 
world. The relative benefits of monotherapy as compared to combination therapy in patients diagnosed with S. malt-
ophilia pneumonia, however, have yet to be established.

Methods  Data from 307 patients diagnosed with S. maltophilia hospital-acquired pneumonia (HAP) across four Chi-
nese teaching hospitals from 2016 to 2022 were retrospectively analyzed.

Results  Of the analyzed patients, 55.7% (171/307) were administered combination definitive therapy, with a 30-day 
all-cause mortality rate of 41.0% (126/307). A propensity score weighting analysis revealed that compared with mono-
therapy, combination definitive therapy was associated with a comparable 30-day mortality risk in the overall patient 
cohort (OR 1.124, 95% CI 0.707–1.786, P = 0.622), immunocompetent patients (OR 1.349, 95% CI 0.712–2.554, P = 0.359), 
and patients with APACHE II scores < 15 (OR 2.357, 95% CI 0.820–6.677, P = 0.111), whereas it was associated with a 
decreased risk of death in immunocompromised patients (OR 0.404, 95% CI .170–0.962, P = 0.041) and individuals with 
APACHE II scores ≥ 15 (OR 0.494, 95% CI 0.256–0.951, P = 0.035).

Conclusion  The present data suggest that when treating S. maltophilia-HAP, immunocompromised patients and 
individuals with APACHE II scores ≥ 15 may potentially benefit from combination therapy.
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Background
The Gram-negative, aerobic, non-glucose fermenting, 
motile bacteria Stenotrophomonas maltophilia is most 
frequently identified as a free-living microbe present in 
humid and aquatic settings, whereas it is not a normal 
member of the human microflora [1]. It is most fre-
quently regarded as an opportunistic pathogen capable 
of surviving in humid settings such that it has been iso-
lated from nosocomial sources including shower heads, 
sink grains, endoscopes, nebulizers, and hemodialysis 
dialysate samples [2]. While it is generally regarded as 
a pathogen with low levels of intrinsic virulence, rates 
of S. maltophilia infections have been rising in recent 
decades, in large part owing to advances in immuno-
compromised patient care, broad-spectrum antibiotic 
use, and the application of invasive devices [3, 4]. S. 
maltophilia accounts for 2.29–22.7% of isolated Gram-
negative bacteria, and this rate is higher at 2–7% among 
cancer patients throughout the world. S. maltophilia is 
also the third most frequently isolated non-fermenting 
Gram-negative pathogen following Pseudomonas aer-
uginosa and Acinetobacter baumannii [4].

In susceptible individuals, S. maltophilia can cause 
infections including meningitis, urinary tract infec-
tions, bloodstream infections, and pneumonia, with 
mortality rates from 29 to 70% [5]. This is largely attrib-
utable to the broad-spectrum drug resistance exhibited 
by this opportunistic pathogen, which encodes amino-
glycoside modifying enzymes, multidrug efflux pumps, 
and β-lactamases, in addition to exhibiting low levels 
of intrinsic permeability [6, 7]. S. maltophilia can also 
acquire drug resistance over the course of treatment. 
Given these characteristics, S. maltophilia has been 
classified by the World Health Organization as one of 
the most important nosocomial multidrug-resistant 
organisms [8]. Based on the results of in vitro suscep-
tibility testing, the antibiotics most often used to treat 
S. maltophilia infections in Chinese hospitals include 
trimethoprim/sulfamethoxazole (TMP-SMX), fluoro-
quinolones, and tetracycline derivatives [9]. In patients 
with hospital-acquired pneumonia (HAP) caused by 
this pathogen, there is no consensus regarding the 
optimal interventional approach, with some experts 
recommending a combination of antibiotics. Clinical 
data regarding the benefits of such combination treat-
ment, however, remain to be generated such that the 
value of this interventional strategy has yet to be firmly 
established.

The present multicenter retrospective analysis was 
performed in an effort to compare the relative clinical 
benefits of monotherapy as compared to combination 
therapy in patients diagnosed with S. maltophilia-HAP.

Materials and methods
Study design
Patients diagnosed with S. maltophilia-HAP were retro-
spectively identified using medical records from individ-
uals hospitalized across four Chinese teaching hospitals 
(Additional file 1). Patients were not eligible for inclusion 
if they were less than 14 years of age or if they died within 
48  h after first receiving definitive therapy. A two-level 
review process was employed for all collected data, with a 
third investigator serving to resolve any disputes pertain-
ing to the interpretation of these data. Study reporting 
was performed as per the STROBE guidelines (https://​
www.​equat​or-​netwo​rk.​org/​repor​ting-​guide​lines/​strobe/).

The primary study outcome was all-cause 30-day mor-
tality after the initiation of definitive therapy. Secondary 
outcomes included the 30-day clinical response, assessed 
by improvements in patient symptoms according to labo-
ratory tests or physician records, as well as 30-day bacte-
rial eradication assessed by the results of repeat cultures 
of respiratory tract samples.

This study received approval from the Ethics Commit-
tee of Nanjing Lishui People’s Hospital (No. 2022SQ009), 
with the requirement for informed consent being waived 
given the retrospective nature of this work.

Microbiological analyses
MALDI-TOF mass spectrometry (MALDI Biotyper, 
Bruker Daltonics GmbH, Leipzig, Germany, or Vitek-
MS, bioMérieux) or the Vitek 2 platform (bioMérieux, 
Marcy l’Etoile, France) were used when identifying the 
microbial isolates in this study. The Vitek 2 system was 
used to conduct antibiotic susceptibility testing in most 
cases based on standardized hospital protocols, with the 
results of such testing being interpreted as per the 2019 
CLSI recommendations. Given that these recommenda-
tions do not include tigecycline (TGC) or moxifloxacin 
susceptibility breakpoints for S. maltophilia, Enterobac-
teriaceae susceptibility breakpoints from the US Food 
and Drug Administration (FDA) were instead used, with 
a susceptibility TGC minimum inhibitory concentration 
(MIC) ≤ 2 µg/mL being regarded as indicative of suscep-
tibility [10].

Study definitions
HAP was defined as cases of pneumonia that were not 
present at the time of hospitalization and that devel-
oped at least 48 h following admission, with pneumonia 
being defined by the presence of new-onset infectious 
lung infiltrates, purulent sputum, leukocytosis, reduced 
oxygen levels, and fever [11]. To ensure the appropriate 
identification of target pathogens that were consistent 
with the clinical presentation of evaluated patients, only 
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those pathogens isolated from sterile body fluids, lung 
tissue, bronchoalveolar lavage fluid, protected specimen 
brush samples, or qualified lower respiratory tract secre-
tions (> 25 neutrophils per low-power field [LPF], < 10 
epithelial cells per LPF, or a neutrophil to epithelial cell 
ratio > 2.5:1) [11]. Immunocompromised patients were 
those individuals with a history of diagnosed primary 
immunodeficiency, HSCT, solid organ transplantation, 
splenectomy, active malignancies, or human immu-
nodeficiency virus (HIV) Infection with CD4 + T cell 
counts below 200 cells/mL or a CD4 + T cell percentage 
below 14% [12]. Septic shock was identified based on the 
requirement for vasopressor administration to ensure 
that mean arterial pressure remained ≥ 65  mmHg even 
with adequate volume resuscitation and serum lactate 
levels ≥ 2 mmol/L [13]. Empirical treatment was defined 
as antimicrobial drug administration prior to the comple-
tion of susceptibility testing, with appropriate empirical 
therapy being a regimen containing at least one drug to 
which the target pathogen was found to be sensitive as 
a result of in vitro testing [14]. Definitive treatment was 
defined as any antimicrobial drug treatment adminis-
tered after obtaining the results of in vitro susceptibility 
testing [14]. Combination definitive treatment regimens 
were those consisting of 2 + agents with detected in vitro 
activity against the target pathogen, whereas monothera-
peutic regimens were those including 1 such agent [14].

Data collection
Patient medical records were retrospectively evaluated to 
assess demographic characteristics, comorbidities (Addi-
tional file 1), microbiological details, administered empir-
ical and definitive antimicrobial treatment regimens, and 
patient clinical outcomes. Note that these analyses only 
evaluated first-episode definitive treatment regimens.

Statistical analysis
The normality of data distributions was assessed with the 
Kolmogorov–Smirnov test, and normally and non-nor-
mally distributed data were reported as means ± standard 
deviation (SD) and medians (interquartile range), respec-
tively. These data were analyzed using Student’s t-tests 
and Mann–Whitney U tests, whereas Fisher’s exact test 
or chi-square tests were employed when analyzing cat-
egorical data. A two-tailed P < 0.05 was the significance 
cut-off for this study. All analyses were performed with 
SPSS 22.0 (IBM NY, USA), and all eligible patients were 
included in this study with no power calculations having 
been conducted.

To control for the potential confounding effects of 
variables, a propensity score (PS) weighting approach 
was utilized. PS values were calculated with a multi-
variate logistic regression model for the likelihood of 

combination therapy on a per-patient basis. Analyzed 
covariates included age, sex, body mass index (BMI), 
participating hospitals, comorbidities (chronic obstruc-
tive pulmonary disease, cardiovascular disease, chronic 
liver disease, cerebrovascular disease, chronic kidney dis-
ease, diabetes mellitus, asthma), immunocompromised 
status, APACHE II scores, coinfection, carbapenem-
resistant organism coinfection, secondary bacteremia, 
septic shock, appropriate empirical treatment, non-
invasive mechanical ventilation, invasive mechanical 
ventilation, vasopressor use, intensive care unit (ICU) 
admission, and days between HAP onset and definitive 
treatment. Weighted PS (WPS) values were calculated 
as: WPS = PT/PS for patients administrated combina-
tion therapy, and WPS = (1-PT)/(1-PS) for the patients 
administered monotherapy, with PT corresponding to 
the overall proportion of patients in this study that were 
administered combination therapy [15]. After controlling 
for these WPS values, the associations between mono-
therapy or combination definitive therapy and patient 
outcomes were evaluated.

Univariate regression analysis was first used to evalu-
ate the baseline characteristics in surviving and deceased 
patients. All factors were found to be significant (P < 0,01) 
and were thus included in a multivariate backward step-
wise logistic regression analysis aimed at identifying 
independent predictors of 30-day mortality. The relative 
benefits of combination or monotherapy treatment were 
then compared, using the identified independent risk fac-
tors as confounding variables in the multivariate analysis.

Results
Patient characteristics
Of 318 identified patients with S. maltophilia-HAP 
diagnosed based on positive culture results for eligi-
ble respiratory tract specimens, 307 remained following 
the exclusion of duplicates. These included 136 and 171 
patients that, respectively, received monotherapy and 
combination definitive therapy (Fig.  1). For full details 
regarding the antimicrobial treatment regimens provided 
to these patients, see Additional file 1.

These patients were 75.6% male (232/307), with a 
median age of 65.0  years. The most common comorbid 
conditions in this patient cohort included cardiovascu-
lar disease (57.3%, 176/307), diabetes mellitus (36.8%, 
113/307), and cerebrovascular disease (17.9%, 55/307). 
In addition, 38.1% (117/307) of these patients exhibited 
factors consistent with immunocompromised status. 
At baseline, these patients exhibited a median APACHE 
II score of 17.0, and 17.9% (55/307) experienced septic 
shock, while 65.8% 202/307) and 50.5% (155/307), respec-
tively, received noninvasive and invasive mechanical ven-
tilation. Appropriate empirical therapy was provided to 
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just 12.2% (37/307) of patients (37 patients received fluo-
roquinolone treatment and 2 patients were treated with 
tigecycline), with 75.9% (233/307) of patients having been 
admitted to the ICU and a 30-day mortality rate of 41.0% 
(126/307) (Table 1).

The overall association between definitive treatment 
regimen and patient outcomes via propensity score 
weighting analysis
Compared to those patients who underwent mono-
therapeutic treatment, those that received combination 
definitive therapy tended to be older (median, 68.0 vs 
61.0  years, P = 0.001), were more likely to have diabe-
tes mellitus (43.3% vs 28.7%, P = 0.008), cerebrovascular 
disease (35.1% vs 22.8%, P = 0.019), and to be immuno-
compromised (45.0% vs 29.4%, P = 0.005). Patients in 
the combination therapy group presented with higher 
APACHE II scores (median, 19.0 vs 14.0, P < 0.001), 
were more likely to develop septic shock (24.6% vs 9.6%, 
P = 0.001), and had a higher chance of undergoing inva-
sive mechanical ventilation as compared to patients in 
the monotherapy group (60.2% vs 38.2%, P < 0.001). The 

all-cause 30-day mortality (42.1% vs 39.7%, p = 0.671), 
30-day clinical response (54.4% vs 54.4%, p = 0.996), and 
30-day microbial eradication (48.7% vs 47.5%, p = 0.846) 
were similar between the two groups. (Table 1).

After controlling for WPS values, a multivariate logis-
tic regression analysis revealed that combination therapy 
and monotherapy were associated with similar 30-day 
mortality (OR 1.124, 95% CI 0.707–1.786, P = 0.622), clin-
ical response (OR 0.987, 95% CI 0.626–1.557, P = 0.956), 
and microbial eradication rates (OR 1.035, 95% CI 0.640–
1.677, P = 0.888) in the overall patient cohort (Table  2, 
Fig. 2 and Fig 3A).

The association between immune status and patient 
outcomes following definitive antimicrobial treatment
No differences in 30-day mortality, clinical response, or 
microbial eradication were observed in immunocom-
petent patients following administration of the defini-
tive treatment regimen (Table  2). In contrast, after 
controlling for WPS values, combination therapy was 
associated with lower odds of 30-day mortality (OR 

Fig. 1  Screening algorithm of patients with S. maltophilia-HAP. Figure legend Of 318 identified S. maltophilia-HAP patients diagnosed based on 
positive culture results for eligible respiratory tract specimens, 307 non-duplicate patients were ultimately enrolled in the final study
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Table 1  Comparison of clinical characteristics and outcomes between patients receiving combination therapy and monotherapy

IQR interquartile range; SD standard deviation; COPD: chronic obstructive pulmonary disease. BMI body mass index; PCT procalcitonin; PO2/FiO2 arterial pressure of 
oxygen/fraction of inspiration oxygen; APACHE Acute Physiology and Chronic Health Evaluation; CRO: carbapenem-resistant organism; ICU intensive care unit. HAP 
hospital-acquired pneumonia. Immunocompromised status included primary immune deficiency diseases, active malignancy, HIV infection with a CD4 T-lymphocyte 
count < 200 cells/mL or percentage < 14%, immunosuppressive therapy, solid organ transplantation, hematopoietic stem cell transplantation, splenectomy

Variable Total
(n = 307)

Combination therapy
(n = 171)

Monotherapy
(n = 136)

P-value

Age (years, median, IQR) 65.0 (53.0, 75.0) 68.0 (56.0, 78.0) 61.0 (49.0, 72.0) 0.001

Male (n, %) 232 (75.6) 130 (76.0) 102 (75.0) 0.866

BMI (kg/m2, mean ± SD) 23.4 ± 8.4 22.9 ± 2.6 24.7 ± 12.2 0.132

Participating hospital

 1 105 (34.2) 65 (38.0) 40 (29.4) 0.115

 2 81 (26.4) 46 (26.9) 35 (25.7) 0.818

 3 54 (17.6) 28 (16.4) 26 (19.1) 0.531

 4 67 (21.8) 32 (18.7) 35 (25.7) 0.139

Comorbidities (n, %)

 Cardiovascular disease 176 (57.3) 104 (60.8) 72 (52.9) 0.166

 Diabetes mellitus 113 (36.8) 74 (43.3) 39 (28.7) 0.008

 Cerebrovascular disease 91 (29.6) 60 (35.1) 31 (22.8) 0.019

 Chronic kidney disease 55 (17.9) 37 (21.6) 18 (13.2) 0.057

 COPD 52 (16.9) 31 (18.1) 21 (15.4) 0.533

 Chronic liver disease 27 (8.8) 15 (8.8) 12 (8.8) 0.987

 Asthma 24 (7.8) 13 (7.6) 11 (8.1) 0.875

 Immunocompromised status 117 (38.1) 77 (45.0) 40 (29.4) 0.005

Baseline clinical features and severity

 Leukocyte counts (× 109/L) 11.1 ± 7.9 11.6 ± 9.5 10.3 ± 4.5 0.160

 PCT < 2 ng/dL (n, %) 110 (35.8) 61 (35.7) 49 (36.0) 0.948

 PO2/FiO2 < 300 mmHg (n, %) 44 (14.3) 21 (12.3) 23 (16.9) 0.250

 APACHE II score (median, IQR) 17.0 (13.0, 22.0) 19.0 (14.0, 23.0) 14.0 (12.0, 19.0)  < 0.001

 Coinfection (n, %) 150 (48.9) 91 (53.2) 59 (43.4) 0.087

 With other CRO (n, %) 76 (24.8) 40 (23.4) 36 (26.5) 0.535

Complications and Management

 Secondary bacteremia (n, %) 14 (4.6) 6 (3.5) 8 (5.9) 0.322

 Septic shock (n, %) 55 (17.9) 42 (24.6) 13 (9.6) 0.001

 Appropriate empirical therapy (n, %) 37 (12.2) 23 (13.5) 14 (10.3) 0.399

 Noninvasive mechanical ventilation (n, %) 202 (65.8) 116 (67.8) 86 (63.2) 0.399

 Invasive mechanical ventilation (n, %) 155 (50.5) 103 (60.2) 52 (38.2)  < 0.001

 Vasopressor use (n, %) 18 (5.9) 12 (7.0) 6 (4.4) 0.334

 ICU admission (n, %) 233 (75.9) 136 (79.5) 97 (71.3) 0.095

 Days from illness onset to definitive therapy 
(median, IQR)

5.0 (4.0, 6.0) 5.0 (4.0, 6.0) 5.0 (4.0, 6.0) 0.504

Outcomes

 30-day mortality 126 (41.0) 72 (42.1) 54 (39.7) 0.671

 30-day clinical response 167 (54.4) 93 (54.4) 74 (54.4) 0.996

 30-day microbiology eradiction 131/272 (48.2) 74/152 (48.7) 57/120 (47.5) 0.846
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0.404, 95% CI 0.170–0.962, P = 0.041), higher 30-day 
clinical response rates (OR 2.601, 95% CI 1.088–6.218, 
P = 0.032), and increased 30-day microbial eradication 

rates (OR 2.788, 95% CI 1.027–7.567, P = 0.044) in com-
parison with monotherapy in immunocompromised 
patients (Table 2 and Fig 3B-C).

Table 2  Impact of different definitive regimens on the outcomes among patients with S. maltophilia-HAP via a WPS analysis

* adjusted by WPS for treatment

ǂ35 patients didn’t perform repeated culture of eligible respiratory tract samples

Outcome Patients (n, %) Univariate logistic analysis Multivariate logistic 
analysis

OR (95% CI) P *OR (95% CI) P

30-day mortality Entire cohort 126/307 (41.0) 1.104 (0.698–1.747) 0.671 1.124 (0.707–1.786) 0.622

Immunocompromised 65/117 (55.6) 0.396 (0.176–0.892) 0.025 0.404 (0.170–0.962) 0.041

Immunocompetent 61/190 (32.1) 1.597 (0.864–2.592) 0.135 1.349 (0.712–2.554) 0.359

APACHE II score ≥ 15 92/193 (47.7) 0.471 (0.256–0.866) 0.015 0.494 (0.256–0.951) 0.035

APACHE II score < 15 34/114 (29.8) 2.956 (1.290–6.770) 0.010 2.357 (0.820–6.677) 0.111

30-day clinical response Entire cohort 167/307 (54.4) 0.999 (0.636–1.570) 0.996 0.987 (0.626–1.557) 0.956

Immunocompromised 52/117 (44.4) 2.523 (1.121–5.674) 0.025 2.601 (1.088–6.218) 0.032

Immunocompetent 115/190 (60.5) 0.709 (0.395–1.271) 0.248 0.833 (0.453–1.530) 0.555

APACHE II score ≥ 15 95/193 (49.2) 2.128 (1.153–3.926) 0.016 2.096 (1.082–4.058) 0.028

APACHE II score < 15 72/114 (63.2) 0.440 (0.201–0.965) 0.041 0.584 (0.212–1.608) 0.298

30-day microbiology eradiction ǂ Entire cohort 131/272 (48.2) 1.049 (0.649–1.693) 0.846 1.035 (0.640–1.677) 0.888

Immunocompromised 38/106 (35.8) 2.625 (1.049–6.569) 0.039 2.788 (1.027–7.567) 0.044

Immunocompetent 93/166 (56.0) 0.827 (0.448–1.528) 0.544 0.955 (0.504–1.810) 0.887

APACHE II score ≥ 15 79/175 (45.1) 2.199 (1.150–2.407) 0.017 2.256 (1.123–4.534) 0.022

APACHE II score < 15 52/97 (53.6) 0.388 (0.168–0.896) 0.027 0.478 (0.164–1.397) 0.177
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Fig. 2  Forrest plot of the impact of monotherapy and combination therapy on the clinical outcomes of patients with S. maltophilia-HAP by 
treatment propensity score analysis. Figure legend Propensity score analyses indicated that in the overall patient cohort, patients with APACHE 
II scores < 15, and immunocompetent individuals, combination treatment was associated with comparable 30-day mortality, clinical response, 
and microbiologic eradication outcomes, whereas it was associated with reduced 30-day mortality risk, higher 30-day clinical response rates, and 
improved 30-day microbiologic eradication outcomes among individuals with APACHE II scores ≥ 15 and immunocompromised individuals
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Fig. 3  Survival rate of S. maltophilia-HAP patients treated with montherapy and combination definitive therapy (censored at 30 d after definitive 
therapy). Figure legend Cox survival curves demonstrated that combination treatment was related to similar 30-day mortality risk in the overall 
patient cohort, patients with APACHE II scores < 15, and immunocompetent individuals, but with a decline in 30-day mortality risk among those 
patients with APACHE II scores ≥ 15 and immunocompromised individuals after controlling for WPS



Page 8 of 12Chen et al. Annals of Intensive Care           (2023) 13:47 

The association between APACHE II score and definitive 
antimicrobial treatment outcomes
Univariate analyses indicated that in individuals with 
APACHE II scores < 15, the combination treatment was 
associated with a higher 30-day mortality risk, as well 
as lower odds of 30-day clinical response and microbial 
eradication (Fig.  3). However, after controlling for WPS 
values, both combination therapy and monotherapy 
were found to be associated with similar odds of 30-day 
mortality (OR 2.357, 95% CI 0.820–6.677, P = 0.111), 
30-day clinical response (OR 0.584, 95% CI 0.212–1.608, 
P = 0.298), and 30-day microbial eradication (OR 0.478, 
95% CI 0.164–1.397, P = 0.177) (Table 2).

In patients with APACHE II scores ≥ 15 and after con-
trolling for WPS values, combination therapy was found 
to be associated with a reduced risk of 30-day mortal-
ity (OR 0.494, 95% CI 0.256–0.951, P = 0.035), as well as 
higher 30-day clinical response (OR 2.096, 95% CI 1.082–
4.058, P = 0.028) and microbial eradication rates (OR 
2.256, 95% CI 1.123–4.534, P = 0.022), compared with 
monotherapy (Table 2 and Fig 3D-E)).

Identification of predictors of patient 30‑day mortality
Relative to those patients that remained alive after 
30  days, deceased individuals tended to be older 
(median, 71.5 yrs vs 61.0 yrs, P < 0.001) and were more 
likely to exhibit cardiovascular disease (63.6% vs 52.8%, 
P = 0.022) and immunocompromised status (50.4% vs 
29.2%, P < 0.001). Deceased patients also exhibited higher 
APACHE II scores (median, 20.0 vs 15.0, P < 0.001), 
a higher incidence of septic shock (24.0% vs 13.5%, 
P = 0.011), and higher rates of invasive mechanical venti-
lation (62.1% vs 42.7%, P < 0.001), whereas they were less 
likely to have received appropriate empirical treatment 
(7.0% vs 15.7%, P = 0.027). In addition, the median inter-
val between HAP onset and the initiation of definitive 
therapy (6.0  days vs 5.0  days, P = 0.004) was also longer 
among deceased patients relative to survivors (Additional 
file 1).

Consistent with these results, a multivariate backward 
stepwise logistic regression analysis revealed that age (OR 
1.038, 95% CI 1.020–1.056, P < 0.001), immunocompro-
mised status (OR 1.846, 95% CI 1.260–3.158, P = 0025), 
APACHE II score (OR 1.076, 95% CI 1.025–1.130, 
P = 0.003), appropriate empirical treatment (OR 0.383, 
95% CI 0.159–0.922, P = 0.032), and the interval between 
HAP onset and definitive treatment (OR 1.362, 95% CI 
1.106–1.678, P = 0.004) were all independently related 
to the risk of 30-day all-cause mortality among S. malt-
ophilia-HAP patients (Additional file 1).

The impact of definitive treatment regimens on patient 
outcomes after controlling for predictors of mortality
Consistent with the results of the propensity score 
weighting analysis, after controlling for age (continuous 
variable), immunocompromised status (compromised or 
not), APACHE II score (continuous variable), appropriate 
empirical therapy (treated or not), and days from illness 
onset to definitive therapy (continuous variable), similar 
30-day mortality rates were observed for both the com-
bination therapy and monotherapy in the overall patient 
cohort, immunocompetent patients, and patients with 
APACHE II scores < 15, together with reduced risks of 
30-day mortality in immunocompromised patients and 
patients with APACHE II scores ≥ 15 (Additional file 1).

The efficacy of TMP‑SMX alone and with the addition 
of quinolone as antimicrobial regimens on the 30‑day 
mortality of patients with S. maltophilia‑HAP
After controlling for WPS values, it was found that com-
pared with TMP-SMX alone, the TMP-SMX + quinolone 
combination regimen was associated with similar risks 
of 30-day mortality in the entire cohort, immunocompe-
tent patients, and patients with APACHE II scores < 15, 
and with a decreased risk of 30-day mortality in immu-
nocompromised patients and patients with APACHE II 
scores ≥ 15 (Additional file 1).

Discussion
In the present multicenter retrospective cohort study, 
comprehensive subgroup analyses ultimately led to the 
identification of multiple predictors of S. maltophilia-
HAP patient mortality while highlighting the distinct 
effects of monotherapy and combination therapy regi-
mens in different subsets of patients. Specifically, indi-
viduals with severe disease (APACHE II scores ≥ 15) and 
immunocompromised patients may potentially benefit 
from combination therapy as compared to monotherapy. 
In immunocompetent patients and individuals with non-
severe disease, however, these two interventional strate-
gies were associated with comparable efficacy outcomes.

In line with prior research [5, 16, 17], the 30-day mor-
tality rate among patients in this study was 41.0%. S. malt-
ophilia-HAP patient outcomes can be strongly impacted 
by patient-specific characteristics, treatment strate-
gies, and associated complications. While this pathogen 
exhibits relatively limited virulence in the general popu-
lation, S. maltophilia poses a significant risk to patients 
who are immunocompromised. Indeed, 38.1% of patients 
in this study cohort were found to be immunocompro-
mised, with immunocompromised status having been 
identified as an independent predictor of 30-day patient 
mortality. Even when provided with appropriate antimi-
crobial therapy, patients who are immunocompromised 
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remain at higher risk of mortality and are likely to 
remain symptomatic for extended periods as compared 
to immunocompetent patients [18]. Advanced age has 
also been shown to be an independent risk factor for 
pneumonia, likely owing to the link between aging and 
declines in both organ and overall immune function [19]. 
Higher APACHE II scores were also found to be related 
to an elevated mortality rate in this study cohort, con-
sistent with prior research results [20, 21]. For example, 
Kanchanasuwan et  al. [21] and Puech et  al. [22] deter-
mined that appropriate empirical antimicrobial treat-
ment was related to a significant reduction in 30-day 
mortality, with higher baseline APACHE II scores serving 
as an independent predictor of mortality risk. A longer 
interval between HAP onset and definitive treatment was 
also associated with a higher risk of death in the present 
study, highlighting the importance of promptly adminis-
tering appropriate antimicrobial drugs to most effectively 
treat S. maltophilia-HAP.

Given that S. maltophilia isolates generally carry high 
numbers of antimicrobial resistance genes and associated 
mutations the selection of appropriate antimicrobial ther-
apies for S. maltophilia-HAP patients can be extremely 
challenging. To date, MIC thresholds for S. maltophilia 
have been established by the CLSI for 7 drugs, including 
TMP-SMX, ticarcillinclavulanate, ceftazidime, cefidero-
col, levofloxacin, minocycline, and chloramphenicol [23]. 
Ongoing debate remains regarding the relative value of 
treating S. maltophilia with one or more than one anti-
microbial drugs [24–26], with some clinicians favoring 
combination therapy in light of the reported synergistic 
effects of combining two or more drugs in vitro [27–29]. 
Clinical data regarding the efficacy of these combina-
tion regimens, however, is lacking. Guerci et al. [24] con-
ducted a retrospective review of 282 patients infected 
with S. maltophilia-HAP across 25 ICUs in France. While 
59.4% of the patients received combination antimicro-
bial treatment, this was not found to lead to any survival 
benefits (HR 1.27, 95% CI 0.88; 1.83, P = 0.20). Araoka 
et al. [25] similarly observed no improvement in 30-day 
mortality for patients treated with a combination of 
SXT + fluoroquinolone relative to monotherapy (55% vs 
33%, P = 0.64), despite observing beneficial effects of the 
combination antimicrobial treatment in in vitro studies. 
Wafa Ibn Saied et al. also found that adequate treatment, 
whether monotherapy or a combination of antimicrobi-
als, did not affect mortality in patients with ventilator-
associated pneumonia caused by S. maltophilia [26]. 
Consistent with these prior studies, combination ther-
apy herein failed to decrease mortality rates or improve 
clinical response or microbiologic eradication rates 
among the overall S. maltophilia-HAP patient cohort. 
When evaluating patients diagnosed with S. maltophilia 

pneumonia, however, Shah et al. [30] observed increased 
30-day mortality rates in patients in the combination 
therapy group compared with the monotherapy group. A 
meta-analysis conducted by Prawang et  al. showed that 
monotherapy was linked to significantly reduced mortal-
ity rates in patients with S. maltophilia-HAP infections 
(HR 1.42, 95% CI 1.04–1.94) compared with combination 
therapy [31]. Notably, the patients in the two treatment 
groups in this study were not adequately matched, with 
those in the combination therapy group having much 
higher APACHE II scores than those in the monotherapy 
group (19.0 vs 16.0, P = 0.05) [31]. As the authors did not 
control for confounding effects when assessing mortal-
ity outcomes, the conclusion that combination therapy 
is inferior to monotherapy does not appear to be well 
supported.

Subgroup analyses performed herein demonstrated 
that combination treatment was linked to better out-
comes among individuals with APACHE II scores ≥ 15 
and immunocompromised patients. Muder et  al. [32] 
previously conducted a prospective multicenter obser-
vational analysis of 91 cases of S. maltophilia bactere-
mia in immunocompromised patients and observed 
significantly reduced mortality among individuals 
administered more than one class of susceptible anti-
microbial drugs as compared to those administered 
just one drug class (11% vs 31%, P < 0.05). Combina-
tion therapy has also previously been tied to better out-
comes among patients with severe infections caused 
by various pathogens, including S. maltophilia. For 
sample, Latzer et  al. [33] conducted a retrospective 
analysis of 68 critically ill pediatric patients suffering 
from S. maltophilia bacteremia across the four largest 
Israeli pediatric ICUs, ultimately revealing that treat-
ment with a combination consisting of ciprofloxacin, 
trimethoprim-sulfamethoxazole, and minocycline 
was associated with the longest survival duration. In 
another retrospective multinational analysis, Albasanz-
Puig et  al. [34] determined that the 7-day case fatality 
rate of neutropenic patients suffering from Gram-neg-
ative bacteria bloodstream infections was lower for 
patients administered combination therapy. Relative to 
monotherapy, combination treatment can synergisti-
cally kill target pathogens while potentially delaying the 
emergence of drug resistance during the treatment pro-
cess. This might be an explanation of why the mortality 
remained low in patients in the 10  days following the 
combination definitive therapy. Combination therapy 
can also contribute to more favorable pharmacokinet-
ics for the administered antimicrobial drugs, particu-
larly among patients who may exhibit enhanced renal 
clearance such as those with severe disease or immuno-
compromised individuals, contributing to higher odds 
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of achieving the pharmacokinetic/pharmacodynamic 
targets [35]. Combination treatment strategies can also 
overcome reductions in antimicrobial efficacy resulting 
from toxicity-related limitations to single-agent drug 
dosing [36]. Relative to randomized controlled trials 
(RCTs), observational studies are more prone to selec-
tion bias, and a range of confounding factors may have 
influenced the results of this study [37]. For example, in 
individuals with APACHE II scores < 15, the combina-
tion regimen was associated with an increased risk of 
30-day mortality risk, as shown by the univariate analy-
sis. However, there was a clear imbalance between the 
two groups, e.g., the patients receiving combination 
therapy were older (median: 66.0  years vs 59.1  years, 
p = 0.024), more patients had diabetes mellitus (51.2% 
vs 28.2%, p = 0.014), and more patients developed sep-
tic shock (16.3% vs 4.2%, p = 0.027). After controlling 
for these confounders, no differences were observed 
between patients treated with monotherapy or com-
bination therapy. To better account for these effects, 
two different approaches were employed to control for 
them, confirming the relationship between these anti-
microbial regimens and S. maltophilia-HAP patient 
clinical outcomes.

This study is subject to some limitations. For one, as a 
retrospective analysis, these results are potentially sus-
ceptible to selection and recall bias. Other factors may 
have also impacted the relative efficacy of the selected 
antimicrobial treatment regimens such as antibiotics 
class, dosing, or duration of effusion [38, 39]. The poten-
tial effects of these variables on the study conclusions 
could not be assessed given the relatively limited study 
sample size, which precluded detailed subgroup analyses. 
The retrospective nature of this study also prevented any 
reliable analysis of antibiotic toxicity. While treatment 
failure can also result from heteroresistance [40], as this 
was a retrospective analysis it was similarly impossible 
to isolate pathogens for heteroresistance testing. Finally, 
this study did not include certain novel antimicrobial 
agents such as cefiderocol [41], and clinical validation 
will thus be necessary to clarify the relative value of these 
drugs when treating S. maltophilia-HAP.

In summary, the present results suggest that combi-
nation therapy may be of value when treating S. malt-
ophilia-HAP patients who are immunocompromised 
or exhibit APACHE II scores ≥ 15, providing a potential 
avenue towards improving outcomes for these patients. 
However, future large-scale RCTs will be vital to validate 
these findings and clarify their clinical relevance.
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