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Abstract:
Objective Hemorrhagic pneumonia due to Stenotrophomonas maltophilia (SM) in severely immunocom-

promised patients has a very poor prognosis. However, the risk factors for hemorrhagic pneumonia are not

clear.

Methods This study assessed the predictive factors of hemorrhagic pneumonia caused by SM. The medical

records of patients admitted to Osaka City University Hospital with SM bacteremia between January 2008

and December 2017 were retrospectively reviewed.

Patients All patients who had positive blood cultures for SM were included in this study. They were cate-

gorized into two groups: the SM bacteremia with hemorrhagic pneumonia group and the SM bacteremia

without hemorrhagic pneumonia group. The clinical background characteristics and treatments were com-

pared between these groups.

Results The 35 patients with SM bacteremia included 4 with hemorrhagic pneumonia and 31 without hem-

orrhagic pneumonia. Hematologic malignancy (p=0.03) and thrombocytopenia (p=0.04) as well as the prior

use of quinolone within 30 days (p=0.04) were more frequent in the SM bacteremia patients with hemor-

rhagic pneumonia than in those without hemorrhagic pneumonia. The mortality of the SM bacteremia pa-

tients with hemorrhagic pneumonia was higher than that of those without hemorrhagic pneumonia group (p=

0.02).

Conclusion Patients with SM bacteremia who have hematologic malignancy, thrombocytopenia, and a his-

tory of using quinolone within the past 30 days should be treated with deliberation.
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Introduction

Stenotrophomonas maltophilia (SM) is a bacterium that

can be present in almost any aquatic or humid environment

but is not highly virulent (1). It rarely causes infection in a

healthy population. When SM is detected upon culture of an

airway sample, it is generally judged to be colonization (2).

However, SM can cause serious infections, such as pneumo-

nia or bacteremia in immunocompromised patients.
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In addition, it was recently reported that SM can cause fa-

tal hemorrhagic pneumonia in severely immunocompromised

patients who have undergone anticancer chemotherapy or

stem cell transplantation (2-8). Although some cases of SM

hemorrhagic pneumonia have been reported, the exact

mechanism by which SM causes hemorrhaging as well as

the risk factors involved remain unknown (9). However, due

to the very high mortality of SM hemorrhagic pneumo-

nia (2), the urgent detection of the characteristics of the dis-

ease is required.

Therefore, we attempted to identify the predictors of SM

bacteremia with hemorrhagic pneumonia.

Materials and Methods

Ethics statement

The Ethics Committee of Osaka City University Graduate

School of Medicine approved this study, which was per-

formed in accordance with the Declaration of Helsinki. The

need for written informed consent was waived owing to the

retrospective nature of the study.

Setting and study design

This study was conducted at Osaka City University Hos-

pital, a 980-bed tertiary-care hospital in Osaka, Japan. From

January 2008 to December 2017, all patients who had posi-

tive blood cultures for SM were included in the study, with

each patient being included only once, at the time of the in-

itial blood culture. Data were collected from electronic

medical records, and a case-control study design was used.

Variables and definitions

The clinical information acquired from the medical charts

included sex; age; baseline disease (hematologic malig-

nancy); hospital stay more than 30 days; polymicrobial bac-

teremia; neutropenia less than 100/μL at the onset of bac-

teremia (10); low albumin less than 3.0 g/dL; high C-

reactive protein more than 10 mg/dL (10); thrombocytopenia

(<5.0/μL) (11); diarrhea; use of a mechanical ventilator, cen-

tral vein catheter, indwelling catheter, urinary catheter, drain-

age tube, or artificial dialysis; intensive-care unit stay; his-

tory of SM isolation; onset of graft-versus-host disease; his-

tory of transplantation (peripheral blood stem cell harvest,

cord blood transplantation, bone marrow transplantation);

surgery within 30 days; Charlson Comorbidity index; se-

quential organ failure assessment (SOFA) score; and use of

immunosuppression drugs, steroids, antitumor agents, anti-

fungal drugs, or antibacterial drugs within 30 days. Antibac-

terial drugs included carbapenems, antipseudomonal cepha-

losporins, non-antipseudomonal cephalosporins, antipseudo-

monal penicillins, non-antipseudomonal penicillins, qui-

nolones, glycopeptides, aminoglycosides, trimethoprim/sul-

famethoxazole, and minocycline.

Patients with SM bacteremia were categorized into 2

groups: the SM bacteremia with hemorrhagic pneumonia

group and the SM bacteremia without hemorrhagic pneumo-

nia group. The definition of hemorrhagic pneumonia was as

follows: 1) SM isolated from a blood culture, 2) pneumonia

developed when the blood culture was positive, 3) pneumo-

nia defined as a new shadow appearing on chest X-ray or

computed tomography (CT) with respiratory symptoms such

as cough or sputum, 4) continuous appearance of bloody

sputum or hemoptysis, and 5) other diseases that manifest as

a new shadow on chest X-ray or CT ruled out.

To evaluate the risk factors of hemorrhagic pneumonia,

the clinical background characteristcs and treatments were

compared between the SM bacteremia with hemorrhagic

pneumonia group and the SM bacteremia without hemor-

rhagic pneumonia group.

Microbiological analyses

Isolate identification and antimicrobial susceptibility were

confirmed using the MicroScan WalkAway-96 SI (Beckman

Coulter, Brea, USA). The minimum inhibitory concentra-

tions were also determined using the MicroScan WalkAway-

96 SI. The results were interpreted according to the 2018

Clinical and Laboratory Standards Institute breakpoints (12).

Statistical analyses

Patient characteristics and outcomes were compared be-

tween the SM bacteremia with hemorrhagic pneumonia

group and the SM bacteremia without hemorrhagic pneumo-

nia group. Fisher’s exact tests were used for univariate com-

parisons of categorical data, and the Mann-Whitney U test

was used for continuous variables. Variables with p values

<0.05 in the univariate and nonparametric analyses were as-

sessed using EZR (Saitama Medical Center, Jichi Medical

University, Saitama, Japan) in order to determine predictors

of SM bacteremia with hemorrhagic pneumonia as well as

to assess the severity, mortality, and appropriate treatment

rate. EZR is a modified version of R commander (version

2.4-0) that includes the statistical functions frequently used

in biostatistics. P values <0.05 indicated statistically signifi-

cant differences.

Results

Patients’ clinical characteristics and laboratory find-

ings

The clinical characteristics and laboratory findings of SM

bacteremia patients with and without hemorrhagic pneumo-

nia are summarized in Table 1. We identified 36 patients

with SM bacteremia, of whom 4 had hemorrhagic pneumo-

nia and 31 did not. One patient was excluded because their

information could not be obtained due to the patient being

transferred immediately after the blood culture was per-

formed.

The SM bacteremia with hemorrhagic pneumonia group

included 3 men and 1 woman, with a median age of 56.2

years. The SM bacteremia without hemorrhagic pneumonia
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Table　1.　Characteristics of the Stenotrophomonas maltophilia (SM) Hemorrhagic Pneumonia Group and 
Non-SM Hemorrhagic Pneumonia Group.

Variables
with hemorrhagic 

pneumonia (n=4)

without hemorrhagic 

pneumonia (n=31)

p value (Fisher’s 

analysis)

Male sex 3 (75%) 19 (61.3%) 1

Age (median) 56.2 59.5 1*

Hematologic malignancy 4 (100%) 12 (38.7%) 0.03

Hospital stay ≥30days 1 (25%) 16 (51.6%) 1

Polymicrobaial bacteremia 2 (50%) 15 (48.4%) 1

Thrombocytopenia (<5.0/μl) 4 (100%) 12 (38.7%) 0.04

Neutropenia(<100μL) 3 (75%) 8 (25.8%) 0.08

Alb <3.0g/dL 3 (75%) 18 (58.1%) 0.6

CRP ≥10mg/dL 3 (75%) 10 (32.3%) 0.1

Use of immunosuppression 2 (50%) 4 (12.9%) 0.1

Use of steroid 2 (50%) 3 (9.7%) 0.09

GVHD 2 (50%) 3 (9.7%) 0.09

Isolation of SM 2 (50%) 12 (38.7%) 1

PBSCH 0 (0%) 1 (3.2%) 1

CBT 1 (25%) 3 (9.7%) 0.4

BMT 1 (25%) 3 (9.7%) 0.4

Antitumor agent 1 (25%) 10 (32.3%) 0.1

Use of antibacterial drugs

Carbapenems 3 (75%) 18 (58.1%) 0.6

Glycopeptides 3 (75%) 12 (38.7%) 0.3

Antipseudomonal cephalosporins 3 (75%) 15 (48.4%) 0.6

Non-antipseudomonal cephalosporins 0 (0%)  5 (16.1%) 1

Antipseudomonal penicillins 1 (25%) 7 (22.6%) 1

Non-antipseudomonal penicillins 0 (0%) 4 (12.9%) 1

quinolones 3 (75%) 6 (19.4%) 0.04

Aminoglycosides 1 (25%) 6 (19.4%) 1

Trimethoprim/sulfamethoxazole 2 (50%) 7 (22.6%) 0.27

Minocycline 0 (0%) 2 (6.5%) 1

Antifungal drugs 4 (100%) 14 (45.2%) 0.1

Surgery within 30 days 1 (25%) 6 (19.4%) 1

ICU stay 0 (0%) 6 (19.4%) 1

Use of artifical objects

Mechanical ventilator 0 (0%) 6 (19.4%) 1

Artificial dialysis 1 (25%) 3 (9.7%) 1

Central vein catheter 4 (100%) 16 (51.6%) 0.1

Urinary catheter 2 (50%) 10 (32.3%) 0.6

Indwelling catheter 1 (25%) 10 (32.3%) 1

Drainage tube 0 (0%) 6 (19.4%) 1

Correct empiric antibacterial treatment for SM (in 48 hour) 3 (75%) 6 (19.4%) 0.04

Mortality 4 (100%) 10 (32.3%) 0.02

SOFA score (median) 4.5 3 0.5*

Charlson Comorbidity index (median) 3 2 0.5*

Infection focus

CRBSI 0 (0%) 9 (29.0%)

skin and soft tissue 0 (0%) 3 (9.7%)

pneumonia 4 (100%) 1 (3.2%)

UTI 0 (0%) 1 (3.2%)

Intra-abdominal infection 0 (0%) 3 (9.7%)

undetected 0 (0%) 14 (45.2%)

*Mann-Whitney U test

Alb: albumin, CRP: C-reactive protein, GVHD: graft versus host disease, PBSCH: peripheral blood stem cell harvest, CBT: cord blood 

transplantation, BMT: bone marrow transplantation, ICU: intensive care unit, SOFA: sequential organ failure aseessment, CRBSI: cathe-

ter-related bloodstream infection, UTI: urinary tract infection
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group included 19 men and 12 women, with a median age

of 59.5 years. All patients with SM hemorrhagic pneumonia

had hematologic malignancies, diarrhea, and thrombocy-

topenia. Furthermore, all such patients had positive blood

cultures from central venous catheters. Three patients (75%)

had a history of using quinolone within 30 days. The char-

acteristics of the SM bacteremia with hemorrhagic pneumo-

nia group are summarized in Table 2. The following factors

were significantly more frequent in the SM bacteremia with

hemorrhagic pneumonia group than in the SM bacteremia

without hemorrhagic pneumonia group: hematologic malig-

nancy, 100% vs. 38.7%, p=0.03; thrombocytopenia, 100%

vs. 38.7%, p=0.04; history of using quinolones, 75% vs.

19.4%, p=0.04. The man-to-woman ratio, using the antitu-

mor agent ratio, and the history of stem cell transplantation

ratio did not differ markedly between the two groups. There

were also no significant differences between the two groups

in terms of the age, Charlson Comorbidity index, and SOFA

score. In cases of bacteremia with hemorrhagic pneumonia,

the onset of hemorrhagic pneumonia and bacteremia is al-

most simultaneous; it was therefore difficult to judge

whether bacteremia had developed from pneumonia or vice

versa. The infection focus of the SM bacteremia without

hemorrhagic pneumonia group was as follows: nine patients

had catheter-related bloodstream infections, and one had

pneumonia. The focus of 14 infections could not be identi-

fied (Table 1).

Treatment and mortality

In the SM bacteremia with hemorrhagic pneumonia

group, although 3 patients (75%) received appropriate em-

piric antibacterial treatment for SM, all (100%) of the pa-

tients died within the hospitalization period. The time inter-

val to death and the causes are listed in Table 2. In contrast,

in the SM bacteremia without hemorrhagic pneumonia

group, 6 patients (19.4%) received appropriate empiric anti-

bacterial treatment for SM, and 10 patients (32.3%) died

within the hospitalization period. While the rate of receiving

appropriate empiric antibacterial treatment was significantly

higher in the SM bacteremia with hemorrhagic pneumonia

group, the mortality was also significantly higher in that

group.

Discussion

Our study produced two main results. First, hematologic

malignancy, thrombocytopenia, and the pre-administration of

quinolones within 30 days might be risk factors for SM bac-

teremia with hemorrhagic pneumonia. Second, the mortality

rate of SM bacteremia with hemorrhagic pneumonia was

high. At present, no reports have performed a statistical

analysis regarding the risk factors of hemorrhagic pneumo-

nia caused by SM. However, a systematic review was per-

formed on a total of 30 cases of hemorrhagic pneumonia in-

duced by SM (8). In that report, the author observed that se-

vere neutropenia was the most important risk factor for

hemorrhagic pneumonia caused by SM, as 25 of 26 patients

with hemorrhagic pneumonia caused by SM were also se-

verely neutropenic. In our study as well, 3 of the 4 (75%)

SM bacteremia patients with hemorrhagic pneumonia were

severely neutropenic (<100 μL), but there were no signifi-

cant differences between the SM bacteremia with hemor-

rhagic pneumonia group and the SM bacteremia without

hemorrhagic pneumonia group. This maybe be why SM
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bacteremia is likely to occur in patients whose immune state

is already compromised. Based on similar reasoning, the

neutrophil counts were also very low in the SM bacteremia

without hemorrhagic pneumonia group. However, our study

also suggested that hematologic malignancy may be a risk

factor for hemorrhagic pneumonia caused by SM. While

previous studies have reported that a majority of patients

with SM infections have hematologic malignancy or solid

malignancy (13-15), we observed a particularly large pro-

portion of patients with hematologic malignancy, especially

in the SM bacteremia with hemorrhagic pneumonia group.

The immune conditions due to cancer may be related to the

susceptibility to SM infection and aggravation.

It was previously suggested that thrombocytopenia might

be related to hemorrhagic pneumonia caused by SM (16).

However, the report did not describe the mechanism under-

lying such a relationship. In our study, thrombocytopenia

was also a risk factor for hemorrhagic pneumonia caused by

SM. Indeed, all four cases with hemorrhagic pneumonia

were accompanied by severe thrombocytopenia (Table 2).

This may be simply because patients with severe thrombo-

cytopenia tend to bleed easily.

Why hemorrhagic pneumonia caused by SM is likely to

develop in patients who have received quinolone within the

last month may be due to the side effects of quinolones. It

was reported that the protease produced by SM and coded

by the StmPr1 gene degrades the collagen and fibrinogen in

the plasma and causes the destruction of fibroblasts in vitro.

This process might be related to the destruction of the al-

veolar micro vessels, thereby causing hemorrhagic pneumo-

nia (8, 17). However, it was previously reported that the use

of fluoroquinolone carries a risk of tendon rupture and aor-

tic aneurysm (18-20). This is because fluoroquinolones ap-

pear to upregulate multiple matrix metalloproteinases, result-

ing in a reduction in the amount of type I collagen fibrils.

As Type I and III collagen are the dominant forms in the

aortic wall, quinolones contribute to the destruction of the

aortic wall and lead to aortic aneurysms and dissec-

tions (18, 21). Quinolone might weaken the wall of alveolar

micro vessels too, with the protease produced by SM lead-

ing to the destruction of alveolar micro vessels. Further-

more, in hematology patients undergoing chemotherapy or

stem cell transplantation, thrombocytopenia may occur at a

high rate, and quinolones are also used in these patients as a

preventive drug for bacterial infection, sometimes for a long

time. If these processes happen at the same time, the prob-

ability of hemorrhagic pneumonia occurring might increase.

However, this is only a hypothesis, and all of these factors

are basically related to hematologic malignancy. We need to

verify this hypothesis in vivo, such as in an SM-infected

mouse model, in the future. Ultimately, the most important

risk factor for SM hemorrhagic pneumonia may be hema-

tologic disease.

The mortality in the SM bacteremia with hemorrhagic

pneumonia group was significantly higher than in the SM

bacteremia without hemorrhagic pneumonia group. We de-

fined “mortality” as death from any cause during hospitali-

zation. Nevertheless, the rate of receiving the correct empiric

antibacterial treatment was significantly higher in the SM

bacteremia with hemorrhagic pneumonia group than in the

SM bacteremia without hemorrhagic pneumonia group in

our study. This indicates that hemorrhagic pneumonia

caused by SM was a very severe condition. Indeed, the mor-

tality rate of hemorrhagic pneumonia caused by SM has

been reported to be 100% (2). It is very difficult to save a

patient once hemorrhagic pneumonia develops. Therefore,

the early diagnosis and treatment of SM bacteremia is im-

portant for preventing the progression to hemorrhagic pneu-

monia.

Two limitations associated with the present study warrant

mention. First, the number of patients was small. As the de-

velopmental rate of SM bacteremia with hemorrhagic pneu-

monia was very low, it was difficult to collect adequate

cases. For this reason, we were unable to perform a multi-

variate analysis. A multi-institutional joint study is needed to

obtain enough cases of hemorrhagic pneumonia caused by

SM to perform a multivariate analysis. Second, the defini-

tion of hemorrhagic pneumonia caused by SM is not consis-

tent. In their studies, Araoka et al. and Mori et al. defined

hemorrhagic pneumonia caused by SM as pneumonia with

bloody sputum or hemoptysis, and the culture of the sputum

or the fluid from the bronchoalveolar lavage should be posi-

tive (2, 8). We did not follow this definition, as these criteria

cannot eliminate SM colonization of a lower respiratory air-

way. Using our definition, it is highly likely that identified

SM cases are truly pathogenic. As it was reported that the

isolation of SM from a blood culture should prompt a care-

ful evaluation of the patient, to differentiate between con-

tamination, colonization, and true blood-stream infection (1),

we also need to carefully differentiate a true infection from

a false one. In case 2 of SM bacteremia with hemorrhagic

pneumonia (Table 2), only the blood culture was positive for

SM. In this case, we determined that it was a true infection

because the blood culture was positive multiple times, and

the sputum culture was not submitted due to the presence of

a large amount of sputum blood; no tracheal intubation was

performed. To accumulate more cases, the definitions of

hemorrhagic pneumonia caused by SM should be integrated.

In conclusion, our study suggested that hematological ma-

lignancy, thrombocytopenia, and pre-administration of qui-

nolones within 30 days might be risk factors for hemor-

rhagic pneumonia in SM bacteremia patients. In addition,

the mortality of SM bacteremia with hemorrhagic pneumo-

nia was high in our study. As S. maltophila bacteremia in

patients with hematologic malignancy, thrombocytopenia,

and the pre-administration of quinolones can have a serious

outcome, we must treat these patients carefully.
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