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Abstract— Stenotrophomonas maltophilia (S. maltophilia) is a Gram-negative, non-fermentative bacillus that has
evolved from being regarded as a low-virulence environmental microorganism to a clinically significant
opportunistic pathogen, particularly in nosocomial settings. Its prevalence has notably increased among
immunocompromised individuals, including those undergoing invasive procedures or receiving broad-
spectrum antibiotics. The organism’s intrinsic resistance to multiple antibiotic classes such as f-lactams,
aminoglycosides, and carbapenems combined with its ability to form biofilms and persist in nutrient-limited
environments, contributes to its resilience and pathogenicity in healthcare environments. This resistance is
mainly mediated by chromosomally encoded B-lactamases (L1 and L2), efflux pumps and decreased outer
membrane permeability which together limit the efficacy of conventional antimicrobials. Recent studies
have explored its taxonomy, ecological adaptability, molecular mechanisms of resistance, epidemiology,
virulence traits and clinical manifestations, underscoring the complexity of managing infections caused by
multidrug-resistant (MDR) strains for which existing therapeutic approaches remain limited. This review
synthesizes contemporary findings on the identification, molecular characteristics, epidemiology, and
virulence factors for rising MDR S.maltophilia, highlighting the pressing need for innovative clinical solutions
integrated stewardship and translational research into novel antimicrobial agents, to bridge laboratory

findings with effective patient care.

INTRODUCTION

Stenotrophomonas maltophilia has emerged as a
significant opportunistic pathogen within
healthcare environments, particularly impacting
immunocompromised individuals such as patients
with hematologic malignancies, cystic fibrosis, or
those undergoing prolonged stays in intensive care
units (Sanchez, 2015). Historically regarded as a
benign environmental bacterium found in soil and
water, its clinical relevance has escalated due to its
association with a broad spectrum of nosocomial
infections, including bacteraemia, pneumonia,
urinary tract infections, and wound-related
complications (Sanchez, 2015). This shift in
pathogenicity is largely attributed to its remarkable
ability to persist in hospital settings, where it

colonizes humid surfaces and medical devices such
as catheters, ventilators, and endoscopes (Garcia, et
al., 2023). A key factor in its resilience is the
formation of robust biofilms on both biotic and
abiotic surfaces, which not only facilitate long-term
colonization but also enhance resistance to
antimicrobial agents and host immune defences
(Garcia, et al, 2023; Bostanghadiri, et al., 2021).

One of the most pressing challenges in managing
S. maltophilia infections lies in its intrinsic and
acquired resistance to multiple antibiotic classes.
The bacterium employs a variety of resistance
mechanisms, including the production of inducible
L1 metallo-B-lactamases and L2 cephalosporinases,
the activation of multidrug efflux pumps, and
alterations in outer membrane permeability
(Sanchez, 2015). These adaptations render many
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conventional antibiotics, such as carbapenems and
aminoglycosides, largely ineffective, complicating
treatment protocols (Sanchez, 2015). Although
trimethoprim-sulfamethoxazole (TMP-SMX)
remains the first-line therapy, increasing reports of
resistance to this agent have prompted the
exploration of alternative or combination regimens
involving drugs like minocycline, levofloxacin, and
ceftazidime (Sanchez, 2015).

Beyond its antimicrobial resistance, S. maltophilia
exhibits notable metabolic versatility, enabling it to
thrive in nutrient-depleted environments and
modulate its virulence in response to external
stimuli. Recent studies have highlighted the role of
metabolic pathways such as gluconeogenesis and
amino acid catabolism in promoting biofilm
formation and persistence, further complicating
eradication efforts (Garcia, et al., 2023). Collectively,
these attributes underscore the pathogen’s growing
threat in clinical microbiology and reinforce the
need for vigilant surveillance, accurate diagnostic
tools, and innovative therapeutic strategies to
mitigate its impact.

Historical Taxonomy and Nomenclature of S.
maltophilia

S. maltophilia has undergone several taxonomic re-
classifications since its initial discovery, reflecting
advances in microbial identification and
phylogenetic analysis. Originally isolated in 1943
from a pleural effusion and named Bacterium bookeri,
this organism was later reclassified in the 1960s as
Pseudomonas maltophilia due to its phenotypic
similarities with other members of the Pseudomonas
genus (Swings, et al., 1983). However, as molecular
techniques evolved, particularly the use of 165
rRNA gene sequencing, researchers recognized that
its genetic profile aligned more closely with
members of the Xanthomonadaceae family, prompting
a temporary placement within the genus
Xanthomonas (Swings et al., 1983 and Palleroni and
Bradbury, 1993). This reclassification highlighted its
phylogenetic proximity to environmental and plant-
associated bacteria

In 1993, based on comprehensive phylogenetic
and phenotypic data, the bacterium was formally
designated as the type species of a newly established
genus, Stenotrophomonas (Palleroni and Bradbury,
1993). The genus name is derived from Greek: stenos
meaning “narrow,” trophos meaning “feeder,” and
monas meaning “unit,” which collectively suggest its
presumed limited metabolic range during early

studies. The species epithet maltophilia combines
maltum (malt) and philia (affinity), referencing its
observed preference for malt-based media during
initial cultivation efforts (Hugh and Ryschenkow,
1961). This taxonomic journey underscores the
dynamic nature of microbial classification and the
importance of integrating both phenotypic and
genotypic data to accurately define bacterial
lineages.

Environmental Reservoirs and Clinical Relevance
of S.maltophilia

S. maltophilia is an environmentally versatile Gram-
negative bacillus with notable persistence in clinical
settings, largely due to its biofilm-forming ability
and adaptive virulence traits demonstrates
remarkable ecological adaptability. It has been
isolated from a wide range of natural environments,
including soil, plant rhizosphere, and freshwater
systems, indicating its ability to thrive in both
pristine and anthropogenically influenced habitats
(Garcia, et al., 2023). This environmental ubiquity is
matched by its resilience in healthcare settings,
where it frequently colonizes hospital water
systems, sinks, ventilator circuits, and indwelling
medical devices such as catheters and endoscopes
(Radhika Bhaumik, ef al., 2024). Its persistence in
these environments is facilitated by its ability to
survive in nutrient-depleted conditions and to form
robust biofilms on abiotic surfaces, which protect it
from antimicrobial agents and host immune
responses (Garcia, et al., 2023; Isom, et al., 2022). In
clinical contexts, S. maltophilia is increasingly
recognized as a nosocomial pathogen, particularly
affecting immunocompromised individuals, such as
those undergoing chemotherapy, organ
transplantation, or extended intensive care stays.
Clinical isolates are commonly recovered from
respiratory secretions, blood cultures, urine
samples, and wound exudates, underscoring its role
in a diverse array of infections (Radhika Bhaumik, et
al., 2024).

The pathogen’s ability to form biofilms
contributes significantly to its pathogenicity,
enhancing its resistance to antibiotics and facilitating
chronic colonization (Garcia, et al., 2023). Recent
research has explored the differences in virulence
traits between pathogenic and non-pathogenic
strains of S. maltophilia. A study examining both
phenotypic and genotypic characteristics revealed
that adaptation to human body temperature may be
a critical factor in the transition from environmental
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commensal to clinical pathogen. Specifically, the
ability to regulate virulence-associated genes and
metabolic pathways at 37°C appears to be a key
determinant of pathogenic potential (Radhika
Bhaumik, et al., 2024). This thermo tolerance enables
certain strains to express virulence factors such as
proteases and lytic enzymes more effectively,
contributing to their success in infecting human
hosts (Radhika Bhaumik, et al., 2024). These findings
highlight the importance of understanding the
ecological and molecular mechanisms underlying S.
maltophilia’s pathogenicity. Its dual identity as both
an environmental organism and a formidable
clinical pathogen necessitates vigilant infection
control measures and continued research into its
adaptive strategies.

Diagnostic Approaches for Accurate Identification
of S. maltophilia

Accurate identification of S.maltophilia is critical for
guiding effective treatment due to its multidrug
resistance and similarity to other Gram-negative
bacilli. Advanced diagnostic tools like MALDI-TOF
MS and PCR have significantly improved species-
level identification and susceptibility profiling.
S.maltophilia poses a diagnostic challenge in clinical
microbiology due to its phenotypic resemblance to
other pathogens such as the Burkholderia cepacia
complex. Traditional culture-based methods reveal
non-lactose fermenting colonies on MacConkey agar
and yellow-pigmented colonies on Mueller-Hinton
agar after 48 hours of incubation. Biochemically
(Chakraborty et al., 2024). To overcome these
limitations, advanced diagnostic technologies have
been adopted. One such method is matrix-assisted
laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS), which enables
rapid and precise identification by analysing unique
protein spectra of bacterial isolates (Puneeta Singh,
et al., 2022). Despite its effectiveness in species
identification, challenges remain in antimicrobial
susceptibility testing. A study evaluating
commercial systems such as Vitek 2, MicroScan, and
Phoenix found that these platforms often yield
inconsistent results for S. maltophilia, with low
categorical agreement for several antibiotics. This
inconsistency underscores the need for manual
verification or the development of more reliable
testing protocols to ensure accurate susceptibility
profiles (Chakraborty et al., 2024)

In addition to proteomic approaches, molecular
diagnostics have significantly enhanced the

accuracy of S. maltophilia detection. Polymerase
chain reaction (PCR) assays targeting conserved
genetic markers such as 165 rRNA, gyrB, and 23S
rRNA offer high sensitivity and specificity,
particularly in complex clinical scenarios involving
low bacterial loads or mixed infections (Puneeta
Singh et al., 2022). These molecular tools not only
facilitate early and accurate identification but also
support epidemiological surveillance and resistance
monitoring. Together, these diagnostic
advancements are essential for distinguishing S.
maltophilia from similar organisms and tailoring
appropriate antimicrobial therapy, especially given
its intrinsic resistance to many conventional
antibiotics.

Genomic Features Underpinning Antimicrobial
Resistance and Adaptability in S. maltophilia

S. maltophilia’s multidrug resistance is driven by its
genetically encoded efflux pumps, B-lactamases,
mobile elements, and adaptive regulatory systems
making genomic analysis essential for
understanding and combating its antimicrobial
resistance. S. maltophilia exhibits a high level of both
intrinsic and acquired resistance to antibiotics, a trait
largely attributed to its genetically versatile and
environmentally responsive genome. Whole-
genome sequencing has revealed that its
chromosome harbors multiple resistance
determinants, including efflux pump systems such
as smeDEF and smeABC, which actively expel a wide
range of antibiotics from the bacterial cell. These
pumps are regulated by transcriptional repressors
like smeT, which modulate gene expression in
response to environmental stressors, thereby
enhancing survival under antimicrobial pressure
(Xian-Zhi Li et al., 2017). Experimental studies have
confirmed the critical role of the SmeDEF efflux
pump in mediating intrinsic resistance. For instance,
deletion of smeDEF components significantly
increased susceptibility to various antibiotics,
underscoring its central function in multidrug
resistance (Yini Li, et al., 2023). In addition to efflux
mechanisms, S. maltophilia encodes chromosomal a-
lactamase genes such as blaL1 and blaL2, which
hydrolyse p-lactam antibiotics and render them
ineffective (Xian-Zhi Li, et al., 2017).

The organism’s genome is also enriched with
mobile genetic elements including integrons,
transposons, and insertion sequences that facilitate
horizontal gene transfer and the acquisition of novel
resistance genes. This genetic mobility contributes to
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its adaptability in diverse environments, from soil
and water to hospital surfaces and medical devices
(Xian-Zhi Lj, et al., 2017). Beyond resistance genes, S.
maltophilia possesses quorum sensing systems and
biofilm-associated genes that promote colonization
and persistence. Its oxidative stress response
pathways further enhance its resilience in hostile
conditions, including exposure to disinfectants and
immune defences (Xian-Zhi Li et al., 2017, Yini Li, et
al.,, 2023). Recent advances in genomic
methodologies, particularly the application of
machine learning to whole-genome datasets, have
enabled the identification of resistance-associated
single nucleotide polymorphisms (SNPs) and novel
antimicrobial resistance (AMR) determinants. These
tools are proving invaluable for predicting
resistance phenotypes and guiding the development
of targeted therapies (Yini Li et al., 2023).

Global Prevalence and Resistance Trends of S.
maltophilia

The global prevalence and clinical impact of
S.maltophilia have intensified, particularly in high-
risk healthcare settings, with rising isolation rates,
high mortality in ICU patients, and alarming
antibiotic resistance trends. S.maltophilia has
emerged as a globally significant opportunistic
pathogen, particularly affecting vulnerable
populations in healthcare environments such as
intensive care units (ICUs), oncology wards, and
among individuals with cystic fibrosis or
compromised immune systems. Its increasing
clinical relevance is underscored by its association
with severe infections and elevated mortality rates.
In ICU patients suffering from respiratory infections
caused by S. maltophilia, the fatality rate has been
reported to reach as high as 47.1%, with septic shock
identified as the most critical predictor of mortality
(Meshal, et al., 2024).

A comprehensive 19-year retrospective study
revealed a notable rise in S. maltophilia isolation rates
from 7% during 2004-2007 to 15% between 2020-
2022 with projections indicating continued growth
through 2030, reflecting its expanding footprint in
clinical microbiology (Meshal K. Al Fonaisan, et al.,
2024). This trend is further supported by a recent
meta-analysis, which estimated the global pooled
prevalence of S. maltophilia infections at 5.3%, with
the Western Pacific region exhibiting the highest
prevalence at 10.5% (Bostanghadiri et al., 2024).
Antibiotic resistance remains a formidable challenge
in managing S. maltophilia infections. The pathogen

demonstrates extremely high resistance rates,
including 97% for cefozopran (CZOP), 72.5% for
ceftazidime, 56% for levofloxacin, and 14.05% for
trimethoprim-sulfamethoxazole (TMP-SMX)
(Meshal et al., 2024; Bostanghadiri, et al., 2024). These
resistance patterns severely limit therapeutic
options and emphasize the urgent need for
enhanced surveillance, accurate diagnostics, and the
development of novel or combination treatment
strategies to combat this resilient organism.

A study by (Mahrokh Bahrami, et al. 2024)
conducted in Hospitalized Patients at Tehran, Iran,
analysed antibiotic susceptibility, resistance and
virulence gene frequencies, and performed MLST
on 80 non duplicate clinical isolates. The study
highlights High resistance to imipenem (100%),
meropenem (97.5%), and ceftazidime (90%) was
observed, while levofloxacin (100%) and
minocycline (87.5%) showed susceptibility.
Carbapenems resistance is alarming, with significant
resistance observed in the tested isolates, and linked
to blaL1 and blaL2 genes. MLST identified ST15 in
trimethoprim-sulfamethoxazole-resistant strains,
indicating its global prevalence. The study
underscores the need for comprehensive strategies
including effective laboratory expertise,
development of reliable assays, cautious prescribing
practices, and improved infection control measures.

Clinical Manifestations and Virulence

Determinants of S. maltophilia

Despite its traditionally low virulence classification,
Stenotrophomonas maltophilia poses a serious threat to
immunocompromised individuals due to its biofilm
formation, virulence factors, and synergistic
behaviour in polymicrobial infections.Although S.
maltophilia is generally considered a low-virulence
organism, it has demonstrated the capacity to cause
severe infections in patients with compromised
immune systems, including those undergoing
chemotherapy, organ transplantation, or suffering
from chronic illnesses like cystic fibrosis. Clinically,
it is associated with a range of infections such as
pneumonia, bacteraemia, urinary tract infections,
wound infections, and in rare cases, meningitis
(Radhika Bhaumik et al., 2024). One of the key
contributors to its pathogenicity is its ability to form
biofilms on medical devices, including catheters,
ventilators, and endotracheal tubes. These biofilms
enhance its resistance to antimicrobial agents and
immune system clearance, allowing it to persist in
hospital environments and within the host (Gina
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Garcia et al., 2023). In cystic fibrosis patients, S.
maltophilia frequently coexists with other pathogens,
notably Pseudomonas aeruginosa, contributing to
chronic polymicrobial infections that are difficult to
treat (Radhika Bhaumik ef al., 2024).

The virulence of S. maltophilia is further
supported by several molecular factors. These
include extracellular serine proteases such as
StmPr1, which degrade host tissues and immune
components; siderophores that facilitate iron
acquisition in iron-limited environments; and
quorum sensing molecules that regulate gene
expression related to biofilm formation and
virulence (Radhika Bhaumik et al., 2024). Notably,
when exposed to the quorum sensing molecule PQS
(Pseudomonas Quinolone Signal) produced by P.
aeruginosa, S. maltophilia demonstrates enhanced
survival by forming protective aggregates. This
interspecies interaction not only promotes its
persistence but also complicates treatment strategies
due to increased resistance and cooperative
Pathogenicity (Layla Ramos-Hegazy, 2020). These
findings underscore the importance of recognizing
S. maltophilia as a clinically relevant pathogen,
particularly in vulnerable patient populations. Its
ability to adapt, form biofilms, and engage in
synergistic relationships with other microbes
necessitates targeted diagnostic and therapeutic
approaches.

Exploring Novel and Established Treatments for
MDR S. maltophilia

Multidrug-resistant Stenotrophomonas maltophilia
(MDR S. maltophilia) poses major therapeutic
challenges, prompting the exploration of alternative
antibiotics, B-lactamase inhibitor combinations, and
novel agents like cefiderocol, with growing evidence
supporting combination therapy for severe
infections.The intrinsic resistance of S. maltophilia to
multiple antibiotic classes significantly complicates
clinical management. While trimethoprim-
sulfamethoxazole (TMP-SMX) remains the first-line
treatment, increasing resistance rates have led
clinicians to investigate alternative and adjunctive
therapies (Helena Barrasa, 2024). Among these,
minocycline has shown the most consistent in vitro

susceptibility against resistant strains,
outperforming other tetracyclines and
fluoroquinolones (Helena Barrasa, 2024).

Levofloxacin, tigecycline, ciprofloxacin, and
moxifloxacin have demonstrated variable efficacy,
particularly in pharmacokinetic-pharmacodynamic

(PK/PD) models that simulate human drug
concentrations. These models revealed that
ciprofloxacin and moxifloxacin retain activity
against resistant S. maltophilia strains under
controlled conditions (Helena Barrasa, 2024).

Rhoads, (2021) demonstrated that S. maltophilia
presents significant challenges for antimicrobial
susceptibility testing due to its inherent resistance
mechanisms and the limited performance of
commercial automated systems, which are not FDA-
recognized for this pathogen. While trimethoprim-
sulfamethoxazole remains the first-line therapy with
high susceptibility rates, testing for other agents like
fluoroquinolones, minocycline, and beta-lactams is
complicated by variable accuracy and interpretive
difficulties. Novel antimicrobial agents show
promise but lack extensive clinical validation.
Therefore, accurate susceptibility determination is
complex; necessitating close collaboration between
microbiology laboratories, clinicians, and
stakeholders to interpret results cautiously,
especially for drugs with high error rates like
levofloxacin and ceftazidime. Continued efforts to
improve testing methods and validate new therapies
are essential to optimize treatment outcomes for S.
maltophilia infections. Most commercial testing
systems produce accurate interpretations for TMP/
SXT and minocycline, while levofloxacin and
ceftazidime testing have high error rate.

Biagi, et al., (2020), evaluated the in vitro activity
of 12 antimicrobials against S. maltophilia isolates
non-susceptible to levofloxacin and/or
trimethoprim-sulfamethoxazole (TMP-SMZ).
Minocycline displayed the highest susceptibility
rate (92.7%) and the lowest MIC, value (4 mg/l). The
study found that few antimicrobials maintain
reliable activity against resistant S.maltophilia,
suggesting minocycline warrants further clinical
investigation. making it a promising alternative for
treating resistant S. maltophilia infections. The
findings highlight the limited efficacy of many
existing antibiotics and underscore the ongoing
challenge of managing infections caused by this
highly resistant pathogen, emphasizing the need for
further clinical investigation of minocycline’s
therapeutic potential.

A promising strategy involves B-lactam/p-
lactamase inhibitor combinations, especially
Aztreonam-avibactam, which has shown potent
activity against strains producing both L1 metallo-f-
lactamase and L2 serine B-lactamase. A large
surveillance study conducted between 2019 and
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2023 across U.S. hospitals confirmed that
Aztreonam-avibactam maintained broad-spectrum
efficacy and was unaffected by resistance to other
agents (Helio S. Sader et al., Surveillance, 2019-2023).
Another emerging option is cefiderocol, a
siderophore-conjugated cephalosporin that exploits
bacterial iron uptake mechanisms to enhance drug
delivery. Cefiderocol has demonstrated strong in
vitro activity against MDR S. maltophilia, including
strains resistant to conventional B-lactams and
fluoroquinolones (Helena Barrasa, 2024).

In a recent study evaluating multiple antibiotics,
S. maltophilia isolates exhibited resistance to
levofloxacin and B-lactam agents, while tigecycline,
Fosfomycin, and TMP-SMX retained significant
effectiveness. Notably, all tested isolates showed
moderate to strong biofilm-forming capacity, which
contributes to treatment failure. However,
combination therapies such as Aztreonam-
clavulanic acid (ATM-CLA) with levofloxacin,
Ceftazidime-avibactam (CZA) with levofloxacin,
and TMP-SMX with tigecycline demonstrated
enhanced inhibitory effects against biofilm-
producing strains (Helena Barrasa, 2024).

A systematic review and meta-analysis further
suggested that combination therapy may be
beneficial in managing complex or severe S.
maltophilia infections. Interestingly, the analysis
found that monotherapy was associated with more
favourable outcomes in cases of hospital-acquired
pneumonia, indicating that treatment strategies
should be tailored to infection type and severity
(Helena Barrasa, 2024, Helio S. Sader et al.,
Surveillance 2018-2023).

Mohammed Al Musawa et al. (2025),
demonstrated this retrospective multicentre study
evaluated the real-world effectiveness and safety of
Eravacycline (ERV) in treating Stenotrophomonas
maltophilia infections across 12 U.S. hospitals,
including 41 adult patients. The findings
demonstrated a clinical cure rate of 73.2% and a 30-
day survival rate of 68.3%, with low adverse event
occurrences (9.8%). The majority of infections were
pulmonary, and ERV was often used as a
consolidation therapy due to limited treatment
options posed by multidrug resistance. Despite its
promising outcomes, the study underscores the
need for prospective trials to confirm ERV’s efficacy
and safety for S. maltophilia infections, as current
evidence is limited by its retrospective design and
small sample size.

The narrative review by (John Turnidge et al.,

2025) examines the current antimicrobial treatment
strategies for S.maltophilia infections, highlighting
that traditional reliance on trimethoprim-
sulfamethoxazole is challenged by recent in vitro,
pharmacodynamic, and clinical evidence suggesting
its bacteriostatic activity and inadequate
pharmacokinetic/pharmacodynamic coverage
across wild-type strains. The review explores
alternative agents such as cefiderocol, which shows
potential as a therapeutic option, although clinical
data remain limited, and emphasizes that
combination therapy offers no consistent benefit
over monotherapy. Overall, it calls for a
reassessment of treatment guidelines based on
emerging pharmacodynamic insights and advocates
for further clinical research to optimize
antimicrobial use against this multidrug-resistant
pathogen.

These initiatives will guide evidence-based
clinical practices, inform public health strategies,
and facilitate the development of targeted, next-
generation antimicrobial therapies. The anticipated
impact of emerging treatment strategies for
managing S. maltophilia, centers on optimizing
therapeutic outcomes and curbing resistance
development. These advanced antimicrobial agents
are designed to enhance bacterial clearance and
accelerate patient recovery. If effectively
implemented; such innovations could transform the
treatment landscape for S. maltophilia, providing a
more dependable alternative to traditional antibiotic
regimens that often fall short in managing these
challenging infections.

CONCLUSION

S. maltophilia’s clinical prominence is driven by its
biofilm-forming ability, multidrug resistance, and
metabolic adaptability necessitating advanced
therapeutic strategies and global surveillance to
mitigate its impact. It has evolved from a low-
virulence environmental organism into a
challenging opportunistic pathogen in modern
healthcare. Its clinical relevance has surged,
particularly among immunocompromised patients,
those undergoing prolonged hospitalization, and
individuals in intensive care units. This shift is
attributed to a combination of factors:
environmental persistence, intrinsic and acquired
multidrug resistance (MDR), and biofilm formation
on both biotic and abiotic surfaces (Dafne Guillén-
Navarro et al., 2023).
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Biofilm formation is a central virulence
mechanism that enables S. maltophilia to colonize
medical devices such as catheters, ventilators, and
prosthetic implants. These biofilms act as physical
barriers, shielding the bacteria from host immune
responses and impeding antibiotic penetration,
thereby contributing to chronic and recurrent
infections (Anthony et al., 2017). Studies have shown
that nearly all clinical isolates of S. maltophilia
possess biofilm-forming capabilities, with a
substantial proportion classified as moderate to
strong producers (Anthony et al., 2017).

The emergence of MDR and pan drug-resistant
(PDR) strains has further complicated treatment.
Resistance mechanisms include chromosomally
encoded PB-lactamases L1, a metallo-B-lactamase,
and L2, a serine 3-lactamase as well as efflux pumps
like SmeDEF and SmeABC, which actively expel
antibiotics from the bacterial cell. Additionally,
quorum sensing systems such as the rpf/DSF
pathway regulate both resistance and virulence
traits, enhancing survival under stress conditions
(Dafne Guillén-Navarro, et al., 2023, Xavier Coves, et
al., 2023). Global surveillance data indicate rising
resistance to first-line therapies including
trimethoprim-sulfamethoxazole, levofloxacin, and
minocycline. In some regions, newer agents have
shown limited efficacy, underscoring the need for
localized resistance profiling and tailored treatment
strategies (Anthony et al., 2017). These trends
highlight the urgency of implementing robust
antimicrobial stewardship programs, enhancing
infection control protocols, and establishing
coordinated global surveillance systems.

In response, research is advancing toward
emerging therapeutic modalities. Promising agents
include cefiderocol, a siderophore-conjugated
cephalosporin that exploits bacterial iron uptake
pathways to enhance drug delivery, and Aztreonam-
avibactam, a P-lactam/p-lactamase inhibitor
combination effective against strains producing both
L1 and L2 enzymes. Experimental approaches such
as bacteriophage therapy and quorum sensing
inhibitors are also being explored to disrupt biofilm
integrity and microbial communication (Dafne
Guillén-Navarro et al., 2023). At the molecular level,
S. maltophilia demonstrates remarkable metabolic
flexibility and genomic diversity, enabling
adaptation to diverse ecological niches and host
environments. Its role in polymicrobial infections
particularly in cystic fibrosis lungs adds complexity
to disease progression and therapeutic outcomes.
Interactions with pathogens like Pseudomonas

aeruginosa can enhance survival and resistance
through cooperative mechanisms such as quorum
sensing cross-talk (Xavier Coves, et al., 2023).

In conclusion, the growing threat posed by S.
maltophilin demands a multifaceted response.
Continued research into its molecular biology,
resistance pathways, and ecological behaviour is
essential for developing targeted therapies, refining
clinical guidelines, and informing public health
strategies. These efforts will be pivotal in curbing
the impact of this resilient pathogen and ensuring
effective management in high-risk healthcare
settings.
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