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Objective: Stenotrophomonas maltophilia is an emerging multi-drug resistant, opportunistic pathogen in the 
neonatal intensive care unit (NICU). In this study, we aimed to assess the incidence, clinical features, antibiotic 
susceptibility, and treatment options of S. maltophilia infection among the healthcare-associated infections (HAIs) 
in the neonatal unit. 
Methods: In this study, the patients who were hospitalized in the NICU between January 2020 and December 
2021 with S. maltophilia isolated from clinical samples were included. Demographic, clinic features, and 
microbiological findings of the patients were retrospectively evaluated by using the medical records. The samples 
(lower respiratory tract, urine, peritoneal fluid) were first examined microscopically by gram preparation and 
cultured. Antibiotic susceptibility tests were performed according to the recommendations of The European 
Committee on Antimicrobial Susceptibility Testing (EUCAST) for TMP-SMX. 
Results: S. maltophilia was isolated in 38 clinical samples of the 20 patients who were hospitalized at the NICU 
between January 2020 and December 2021. A total of 40 % (n = 8) of samples from different patients were 
accepted as colonization. Ventilator-associated pneumonia was determined in 55 % (n = 11), and urinary tract 
infection in 5 % (n = 1). S. maltophilia-associated bacteremia was not detected in any of the cases. The TMP-SMX 
susceptibilities of the strains were as it follows: 3 (15 %) were resistant (R), 7 (28 %) were susceptible (S), and 10 
(47 %) were susceptible-increased exposure (I). Three of these patients were given dual antibiotics therapy 
(levofloxacin plus TMP-SMX) and nine of them were given only TMP-SMX. The most common hospital-acquired 
infectious agents are Gram negative microorganisms (51 %), followed by coagulase negative staphylococci 
(CNS), Staphylococcus aureus (24 %) and S. maltophilia (24 %). 
Conclusion: Increasing TMP-SMX resistance and specific drug and dosage-related problems in the neonatal unit 
are important problems in treatment management.   

1. Introduction 

Stenotrophomonas maltophilia is a multidrug-resistant, non
fermenting, aerobic, gram-negative bacillus that is generally regarded as 
an opportunistic pathogen, which causes hospital-acquired infections, 
such as pneumonia, bacteremia, endocarditis, central nervous system, 
skin, soft tissue, and gastrointestinal infections, and it is associated with 
septic shock in critically ill and immunosuppressed patients.1,2 

According to TOTEM (TOp TEn resistant Microorganisms) study, 
extended-spectrum beta-lactamase Serratia marcescens, vancomycin- 
resistant Enterococci, and TMP-SMX-resistant S. maltophilia were 

identified as medium priority at intensive care.3 In the previous studies, 
the incidence of S. maltophilia infections ranged from 7.1 to 37.7 cases 
per 10,000. Although attention was drawn to infections and risk factors 
in adult patients in most studies, serious infections associated with 
S. maltophilia were also described in children and in the neonatal unit.4–7 

The prevalence of S. maltophilia infection in the general population was 
about 1.3–1.68 %8 while the incidence of S. maltophilia infection in 
children in the Intensive Care Unit (ICU) was 0.8–20.3 %.9,10 In Turkey, 
critical S. maltophilia-related infections with mortality rates of 17 % and 
36 % have been reported in neonatal intensive care units (NICU).5,11 

S. maltophilia infections are an important cause of life-threatening 
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nosocomial infections in children.4 Previous studies have shown various 
risk factors for infection or colonization by S. maltophilia, including prior 
use of broad-spectrum antimicrobial agents, or other drugs, immuno
suppressive therapy, and parenteral nutrition.2,12 Also prolonged hos
pital stays, invasive procedures, lower gestational age and low birth 
weight, neutropenia, underlying diseases such as chronic pulmonary 
and cardiovascular diseases, intravenous drug use, and human immu
nodeficiency virus infection, malignancy, and exposure to patients with 
S. maltophilia wound infection were significantly associated with 
S. maltophilia infections.5,13 Trimethoprim/sulfamethoxazole 
(TMP/SMX) has been considered the treatment of first choice for in
fections caused by S. maltophilia although the sensitivity varies between 
79 and 96 %.14 However, the Infectious Diseases Society of America 
(IDSA) drew attention to the increasing resistance rates, and it was 
recommended to consider different treatment options in 
moderate-to-severe disease.15 This result was consistent with the study 
by Zhao et al., who found that TMP/SMX resistance was a signal of 
multi-drug resistance (MDR).16 

In this study, we aimed to assess the epidemiological and clinical 
features, TMP-SMX resistance rates and treatment approach of new
borns with S. maltophilia infection in the NICU. 

2. Material and methods 

2.1. Participants 

In this study, 20 cases who were hospitalized in the NICU of Istanbul 
University Istanbul Faculty of Medicine in Turkey, between January 
2020 and December 2021 with S. maltophilia isolated from clinical 
samples were included. It is a tertiary center and there were 274 (in 
2020) and 384 (in 2021) total patient admissions during this period. 
Demographic and clinical features, and microbiological findings of the 
cases were retrospectively evaluated using medical records of the 
patients. 

2.2. Study design and definitions 

2.2.1. Colonization 
Among the cases in which the causative agent was isolated, those 

cases without clinical signs of infection (increased respiratory support 
parameters in intubated patients, increased amount of secretion, hypo
tonicity, circulatory failure, fever/hypothermia, increase in acute phase 
reactants) were defined as colonization. 

2.2.2. Ventilator-associated pneumonia (VAP) 
VAP is defined by the Center for Disease Control and Prevention 

(CDC) and National Healthcare Safety Network as new and persistent 
radiographic infiltrates and worsening gas exchange in infants who are 
ventilated for at least 48 h and who exhibit least 3 of the following 
criteria: temperature instability with no other recognized cause, leuko
penia/leukocytosis, change in the characteristic of respiratory secre
tions, respiratory distress and bradycardia or tachycardia.17 

2.2.3. Microbiological assessment 
The cultures of the lower respiratory tract samples taken from the 

patients were evaluated in the Istanbul University Istanbul Faculty of 
Medicine Medical Microbiology Laboratory. The samples (lower respi
ratory tract, urine, peritoneal fluid) were first examined microscopically 
by Gram preparation and cultured. Inoculated blood agar and chocolate 
agar media were incubated in 5 % CO2 and MacConkey agar and for 
urine culture BBL CHROMagar Orientation (BD, Germany) was incu
bated in normal atmosphere at 37 ◦C for 24–48 h. The microorganisms 
were identified by conventional methods and automated identification 
system (VITEK 2, bioMérieux, France). Antibiotic susceptibility tests 
were performed according to the recommendations of The European 
Committee on Antimicrobial Susceptibility Testing (EUCAST) and the 

results were evaluated according to the same guideline. There are only 
TMP-SMX clinical breakpoints at EUCAST. For levofloxacin, the break
points recommended by The Clinical and Laboratory Standards Institute 
(CLSI) for S. maltophilia were used in the study. The first clinical isolate 
of the patients was evaluated, and the results of the recurrent isolates 
were not included in the study. 

2.2.4. Statistical analysis 
Statistical data were analyzed with SPSS v.21 (SPSS Inc., Chicago, IL, 

USA). Values for numerical variables were given as mean ± standard 
deviation, depending on the normality distribution. Categorical vari
ables were presented as numbers and percentages. 

2.2.5. Ethics committee approval 
The study was approved by the Istanbul University Clinical Research 

Ethics Committee (2022/637, 25.04.2022–862269). The informed 
consent form was not recommended by the ethics committee. 

3. Results 

3.1. Demographic and clinical characteristics 

S. maltophilia was isolated in 38 clinical samples of the 20 patients 
who were hospitalized at the NICU between January 2020 and 
December 2021. S. maltophilia was detected in 8 (2.9 %) of 274 patients 
hospitalized in the NICU in 2020 and in 12 (3.1 %) of 384 patients 
hospitalized in 2021. Of the 20 patients, 30 % (n = 6) were female and 
70 % (n = 14) were male, 95 % (n = 19) were preterm birth and 5 % (n 
= 1) was term. According to birth weight of gestational age, 30 % (n = 6) 
were small for gestational age (SGA), and 70 % (n = 14) were appro
priate for gestational age (AGA). The demographic characteristics of the 
patients with S. maltophilia infection are shown in Table 1. 

S. maltophilia was detected on the mean postnatal 27,9 ± 32,9 
(0–120) day of the patients and it was detected in 40 % (n = 8) of pa
tients in the first 7 postnatal days. In all cases, at least one risk factor was 
such as central catheter use, total parenteral nutrition, or broad- 
spectrum antibiotic use. 

A total of 40 % (n = 8) of samples from different patients were 
accepted as colonization because these patients had no infection criteria. 
Ventilator-associated pneumonia in 55 % (n = 11) and urinary tract 
infection in 5 % (n = 1) were determined. S. maltophilia-associated 
bacteremia was not detected in any of the cases. 

Three cases among the patients (14 %) died. However, there were 
additional accompanying anomalies (osteogenesis imperfecta, ileal 
atresia, severe respiratory distress syndrome). S. maltophilia-related 
septicemia was not considered as the cause of death. 

3.2. Microbiological assessment 

S. maltophilia was detected on the mean postnatal 27,9 ± 32,9 
(0–120) day of the patients and it was detected in 40 % (n = 8) of pa
tients in the first 7 postnatal days. It was isolated from tracheal aspira
tion in 19 samples, urine in one sample, and peritoneal fluid in one 

Table 1 
The demographic characteristics of the patients with S. maltophilia infection.  

Characteristics of cases % (n) 

Gestational age (w) Term (>37) 5 (1) 
Preterm (≤36 6/7) 95 (19) 

Sex Female 30 (6) 
Male 70 (14) 

Birth weight for gestational age AGA 70 (14) 
SGA 30 (6) 

Postnatal day (mean ± SD) 27,9 ± 32,9 (0–120)  

AGA: appropriate for gestational age, SGA: small for gestational age, w:week, 
SD: standard deviation. 
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sample (also in tracheal fluid). There were polymicrobial infections in 
40 % (n = 8) of patients [ Klebsiella pneumoniae (n = 2), Acinetobacter 
baumannii (n = 2), Pseudomonas aeruginosa (n = 3), Candida albicans (n 
= 1)]. The frequency of hospital-acquired infectious agents in our unit is 
shown in Table 2. 

3.2.1. Antibiotics susceptibility, treatment and characteristics of resistant 
cases 

The TMP-SMX susceptibilities of the strains were as it follows: three 
(15 %) were resistant (R), seven (28 %) were susceptible (S), and 10 (50 
%) were susceptible-increased exposure (I). During the follow-up time, it 
was observed that TMP-SMX resistance developed in the control culture 
samples of two patients who were sensitive to TMP-SMX. Three of these 
patients were given dual antibiotics therapy (levofloxacin plus TMP- 
SMX) and 9 of them were given only TMP-SMX. The clinical samples 
of three patients who received dual therapy were susceptible to 
increased exposure to TMP-SMX. All of them were SGA babies, and one 
had coinfection with P. aeruginosa. Three of the TMP-SMX resistant cases 
were considered as colonized. Two were twins born at the 28th week of 
gestation, the agent was isolated on the postnatal day 0, and no treat
ment was given considering colonization. All isolates were susceptible to 
levofloxacin according to CLSI, except for one patient who was colo
nized. The data on resistance and treatment of the patients are given in 
Table 3. 

4. Discussion 

In this study, we found that S. maltophilia was an important pathogen 
among healthcare-associated infections (HAIs) in NICU, and sometimes 
choose combined treatments were necessary. According to the CDC 
definition of HAIs and hospital surveillance data, the most common 
hospital-acquired infectious agents are gram-negative microorganisms 
(51 %) such as K. pneumoniae, P. aeruginosa, Acinetobacter spp., and 
Serratia spp., followed by coagulase negative staphylococci (CNS), 
S. aureus (25 %) and S. maltophilia (24 %) in the NICU in 2020 and 
2021.17 All of our patients were infants who needed intensive care and 
had at least one of the risk factors that were mentioned in previous 
studies. 

Respiratory tract is the most common site of S. maltophilia infections, 
which has biofilm-forming capacity.12,18 Moreover, medical equipment 
and a contaminated water system may be sources of nosocomial in
fections due to S. maltophilia. Studies have shown that the main source of 
infections is respiratory tract, central and urinary catheters.19 However, 
it is difficult to distinguish between colonization and infection. In pre
vious studies, it was reported that 46 % and 49 % of tracheal aspiration 
samples identified from the patients were accepted as respiratory tract 
infection.5,12 In one study of newborns with S. maltophilia infection, 
ventilator-associated pneumonia and sepsis were determined in 82 % 
and in 9 % of neonates, respectively.5 In addition, bacteremia due to 
S. maltophilia has been described in infants hospitalized in the NICU.7,11 

In our study, a total of 40 % (n = 8) of samples from different patients 
were accepted as colonization, and 50 % (n = 10) of the patients who 
had S. maltophilia in clinical samples were accepted as VAP, in line with 
other studies. 

S. maltophilia often forms a part of polymicrobial infections; the rate 
of isolation of this pathogen as a component of a mixed infection ranges 
from 33 % to 70 %.20,21 The most common additional pathogens are 
P. aeruginosa, Klebsiella spp., and Enterobacter cloacae, Enterococcus sp., 
and coagulase negative staphylococci. In these situations, the pathogenic 
role of S. maltophilia is difficult to assess exactly.22 In one study, a higher 
mortality rate was reported for pneumonia patients coinfected with 
P. aeruginosa and S. maltophilia.23 Polymicrobial infection occurred in 
40 % (n = 8) of our patients. 

According to previous reports, the mortality rates vary from 14 % to 

Table 2 
Distribution of pathogens in healthcare-associated infections.  

HAIs % (n) 

Gram-negative microorganisms 50 (25) 
K. pneumoniae 28 (14) 
P. aeruginosa 10 (5) 
Acinetobacter spp. 6 (3) 
Serratia spp. 6 (3) 

Coagulase negative staphylococci 26 (13) 
S. maltophilia 24 (12) 
Total 100 (50) 

HAIs; Healthcare-Associated Infections, Spp; species. 

Table 3 
Gestational age, birth weight, diagnosis, site of positive cultures, antimicrobial susceptibility and treatment, patient outcomes.  

Case 
No 

GA (w) BW-GA HAIs Diag. Culture Site Susceptibility 
TMP-SMX/Lev 

Treatment Outcome 

1 26 SGA VAP RDS TAF I S TMP-SMX + LEV Discharged 
2 28 AGA C Twin, RDS TAF R S – Discharged 
3 28 AGA C Twin, 

Ileum Perforation 
TAF R S – Discharged 

4 24 AGA C RDS TAF R R – Discharged 
5 33 SGA VAP Osteogenezis Imperfecta TAF R S TMP-SMX + LEV Exitus 
6 28 AGA C RDS TAF I S – Discharged 
7 30 SGA VAP RDS, NEC TAF I S TMP-SMX Discharged 
8 25 SGA VAP NEC TAF I S TMP-SMX + LEV Discharged 
9 27 SGA VAP İleal Atresia TAF I S TMP-SMX Exitus 
10 29 AGA UTI Twin, IUGR URINE I S TMP-SMX Discharged 
11 29 AGA VAP Twin, IUGR, Intestinal perforation TAF I S TMP-SMX Discharged 
12 35 AGA C TTN TAF S S – Discharged 
13 25 AGA VAP Twin, Chorioamnionitis TAF S S TMP-SMX Discharged 
14 30 SGA C RDS, Suspected Genetic Disorders TAF S S – Exitus 
15 24 SGA C – TAF S S – Discharged 
16 30 SGA VAP NEC TAF, Periton S S TMP-SMX Discharged 
17 38 AGA C CHD TAF S S – Discharged 
18 25 AGA VAP – TAF S S TMP-SMX Discharged 
19 31 AGA VAP NIH TAF S S TMP-SMX Discharged 
20 24 AGA VAP NIH/Intrauterine Bowel Perforation TAF S S TMP-SMX Discharged 

HAIs: Healthcare-Associated Infections, GA: gestational age, w: week, BW-GA: Birthweight for gestational age, AGA: appropriate for gestational age, SGA: small for 
gestational age, VAP: ventilator-associated pneumonia, C: colonization, TAF: tracheal aspirate fluid, TMP-SMX: trimetoprim-sulfamethoxazole, Lev: levofloxacin, 
CHD: congenital heart disease, S: susceptible, I: susceptible-increased exposure R: resistant, NEC: necrotizing enterocolitis, RDS; respiratory distress syndrome; NIH; 
non-immune hydrops, Diag.:diagnosis. 
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62 % and from 24 % to 58 % for attributable mortality in another 
studies.24–26 Three cases (15 %) died among our patients. These patients 
had comorbid diseases including osteogenesis imperfecta, severe RDS. 
and two out of the three patients had co-infection (P. aeruginosa and 
Klebsiella spp.). Therefore, mortality was not associated with 
S. maltophilia. 

There are limited antimicrobial options for infection due to 
S. maltophilia because of its extensive resistance to most antibiotics, 
including β-lactam antibiotics, cephalosporins, macrolides, amino
glycosides, and carbapenems.8 Interpretive breakpoints for susceptibil
ity are available only for ticarcillin/clavulanate, ceftazidime, 
minocycline, levofloxacin, TMP-SMX, and recently cefiderecol break
point was acknowledged in CLSI.27 In contrast, EUCAST only defines 
MIC and zone diameter breakpoints for TMP-SMX.26 The optimal 
treatment for S. maltophilia infections is not well-established and despite 
the lack of randomized controlled trials comparing TMP-SMX with any 
other available treatment of S. maltophilia infections, TMP-SMX is 
considered the ‘drug of choice’ for treating susceptible S. maltophilia 
infections.15 IDSA also makes the following recommendations for 
moderate and severe infections: the use of combination therapy with a 
second agent added to TMP-SMX (e.g., minocycline, tigecycline, levo
floxacin, cefiderocol) at least until clinical improvement is observed; or, 
in less severe infections, a sequential approach of initiating TMP-SMX 
and adding a second agent if an appropriate clinical response is not 
observed. Fluoroquinolones are commonly used as an alternative for 
patients infected with TMP-SMX-resistant-S. maltophilia or in those with 
intolerance due to adverse side effects.28 However, increased levo
floxacin resistance rates are of particular concern when it is used alone; 
up to 40 % resistance was reported in a pediatric study.26,29 Although 
the rates of resistance to TMP-SMX have been reported in various 
studies, Chang et al. reported that TMP-SMX susceptibility is still high 
worldwide.8 Although antibiotic susceptibility varies from country to 
country, the increasing rate of resistance for the TMP-SMX, which is the 
first choice in treatment, is a concern all over the world. Studies showed 
that resistance rates in Turkey were also rising (4.08 %, 7.7 %, 8.6 % and 
9.4 %).6,30–32 In our study, TMP-SMX resistance was 15 % during the 
study duration but in some countries it was as high as 41.7 %.33 In 
addition to resistance and drug selection difficulties, drug dosage and 
side effects are the main problems in the neonatal unit. TMP-SMX 
competes with bilirubin for binding to albumin, and it can increase 
the level of indirect bilirubin. Thyagarajan et al. prescribed TMP-SMX 
for treatment of sepsis and pneumonia in newborns and noted no 
adverse effects, including signs of central nervous system toxicity. 
Thyagarajan et al.34 suggested that TMP-SMX in oral doses administered 
to neonates for 7–10 days was unlikely to cause kernicterus but also 
recommended further studies using animal models and clinical studies 
in humans to address TMP-SMX toxicity.7 The other problem is that 
there are no dosing recommendations for TMP-SMX in neonates.35 

Considering the high morbidity and mortality with this pathogen and 
drug side effects, there are approaches recommending the use of levo
floxacin over TMP-SMX or its use in combination.36,37 In our study, no 
drug-related side effects were observed when used alone or in combi
nation with other drugs. 

Our study has some limitations. It was performed in a single center. 
Multicenter studies are needed to understand the prevalence and resis
tance rates of S. maltophilia in our country. In addition, the study in
cludes data from during the COVID 19 pandemic. During this time, 
various factors such as the total number of inpatients, differences in 
infection control measures, and more limited working areas and 
personnel may have affected the results of the study. 

In conclusion, S. maltophilia infections are also an important cause of 
morbidity and mortality in the neonatal unit. Increasing TMP-SMX 
resistance and specific drug- and dosage-related problems in the 
neonatal unit are important problems in treatment management. The 
VAP is the most common form of infection with S. maltophilia in this 
study. It can be expected that S. maltophilia-related morbidity and 

mortality will also decrease with the prevention bundle (personnel 
training, hand hygiene, management of equipment, etc.) against VAP 
development. 
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A. Demirbuğa et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S1875-9572(23)00182-1/sref23
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref23
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref24
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref24
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref25
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref25
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref25
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref26
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref26
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref26
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref27
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref27
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref27
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref28
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref28
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref29
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref29
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref29
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref30
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref30
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref30
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref32
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref32
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref32
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref33
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref33
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref33
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref34
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref34
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref34
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref35
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref35
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref36
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref36
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref36
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref37
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref37
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref37
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref37
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref38
http://refhub.elsevier.com/S1875-9572(23)00182-1/sref38

	Emerging importance of multidrug-resistant Stenotrophomonas maltophilia infections in neonatal intensive care unit in a ter ...
	1 Introduction
	2 Material and methods
	2.1 Participants
	2.2 Study design and definitions
	2.2.1 Colonization
	2.2.2 Ventilator-associated pneumonia (VAP)
	2.2.3 Microbiological assessment
	2.2.4 Statistical analysis
	2.2.5 Ethics committee approval


	3 Results
	3.1 Demographic and clinical characteristics
	3.2 Microbiological assessment
	3.2.1 Antibiotics susceptibility, treatment and characteristics of resistant cases


	4 Discussion
	Funding
	Declaration of competing interest
	References


