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Stenotrophomonas maltophilia is an underappreciated source of morbidity and mortality among gram-negative pathogens. Effective
treatment options with acceptable toxicity profiles are limited. Phenotypic susceptibility testing via commercial automated test sys-
tems is problematic and no Food and Drug Administration breakpoints are approved for any of the first-line treatment options for
S maltophilia. The lack of modern pharmacokinetic/pharmacodynamic data for many agents impedes dose optimization, and the
lack of robust efficacy and safety data limits their clinical utility. Levofloxacin has demonstrated similar efficacy to trimethoprim-
sulfamethoxazole, although rapid development of resistance is a concern. Minocycline demonstrates the highest rate of in vitro
susceptibility, however, evidence to support its clinical use are scant. Novel agents such as cefiderocol have exhibited promising ac-
tivity in preclinical investigations, though additional outcomes data are needed to determine its place in therapy for S maltophilia.

Combination therapy is often employed despite the dearth of adequate supporting data.
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The nonfermenting gram-negative bacillus now known as
Stenotrophomonas maltophilia has been problematic since its
initial identification as Bacterium bookeri in 1943 [1]. After
numerous taxonomic reassignments from Pseudomonas spp
to Xanthomonas spp, the novel genus Stenotrophomonas was
proposed to describe its narrow nutritional spectrum and S
maltophilia officially became the only known pathogenic spe-
cies in 1993. While well-recognized for its ability to colonize and
thrive across a wide range of biotopes including plant and ma-
rine environments, the pathogenicity and associated morbidity
and mortality of S maltophilia in humans has been a source of
contention [2]. Consequently, it was largely ignored and up-
staged by more commonly encountered pathogens until the
early 2000s when the prevalence and recognition of S maltophilia
infections began to increase dramatically. This resurgence was
driven in large part by the report of its genome being sequenced
in 2008, which revealed the full scale of its resistome for the first
time [3]. Since then, the interest has surged as evidenced by the
roughly 200% increase in PubMed-indexed papers mentioning
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S maltophilia (Figure 1). In the United States (US), S maltophilia
is now the most prevalent carbapenem-resistant gram-nega-
tive bloodstream pathogen, above Acinetobacter baumannii,
Pseudomonas aeruginosa, and Klebsiella pneumoniae and one
of the most common causes of respiratory infections, particu-
larly in the intensive care unit (ICU) [4-7]. Stenotrophomonas
maltophilia also plagues the immunocompromised, especially
hematopoietic stem cell transplant recipients, due in part to al-
terations of the microbiome secondary to chemotherapy and
antimicrobial exposure [8, 9]. The rapid rise in prevalence is
likely multifactorial and related to its extensive antimicrobial re-
sistance and the improvements in medical management leading
to an increase in the number of vulnerable patients and their
greater life expectancy [10]. Unfortunately, this rising prevalence
has not been consistently matched with the necessary contem-
porary data to inform the optimal detection or therapeutic ap-
proach to this problematic pathogen.

Stenotrophomonas maltophilia possesses several traits that
contribute to its versatility and complexity, challenging our
ability to appropriately care for patients with serious infec-
tions. It is ubiquitous in the environment, can survive on
almost any humid surface, and demonstrates a strong predi-
lection for catheters, endoscopes, sink drains, and hemodial-
ysis and ventilator circuits in the hospital setting [11]. Beyond
surviving, its propensity for adhering to and forming biofilms
on both biotic and abiotic surfaces confers protection from
host defenses, antimicrobial treatment, and infection control
measures [12]. Although demonstrated to be weakly invasive
in vivo, S maltophilia is highly immunostimulatory and elicits
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Figure 1. Number of PubMed-indexed papers mentioning Stenotrophomonas
maltophilia, 1996—2021.

significant airway inflammation [13]. In addition, the pres-
ence of 2 intrinsic, inducible B-lactamase enzymes (L1 and L2)
from Ambler class B and A, respectively, eliminates virtually
all B-lactam agents as treatment options [14]. As such, non-f-
lactam drugs with intracellular targets are the primary thera-
peutic agents, although their activity is also limited by the vast
array of efflux pumps present in S maltophilia, notably those
from the resistance-nodulation-cell division (RND) family
[15]. While the extensive phenotypic resistance of S maltophilia
is well described, the underlying genotypic mechanisms leading
to this resistance are not well understood [16]. The optimal
management of S maltophilia infections is further hindered by
unreliable susceptibility information, the lack of clinical break-
points, limited treatment options, and paucity of robust out-
comes data [17]. Taken together, these factors are devastating
to patients infected with this pathogen, clinical microbiologists
trying to provide accurate susceptibility information, and clin-
icians attempting to treat these infections.

Advances in our ability to identify pathogenic bacteria, un-
derstand resistance mechanisms, leverage antimicrobial phar-
macokinetic (PK) and pharmacodynamic (PD) principles,
develop novel antibiotics, and perform clinical outcomes studies
will help formulate the optimal evidence-based approach for the
treatment of S maltophilia and lead to reductions in the unac-
ceptably high attributable mortality rates of up to 38% [18-20].
Thus, the objective of this scoping review is to collate recent lit-
erature regarding the management of S maltophilia infections
including microbiological approaches, PK/PD considerations,
and therapeutic strategies to provide clinicians and scientists
with the most up-to-date compendium to inform their current
and future practice.

THERAPEUTIC STRATEGIES

PK/PD Considerations
The lack of sufficient PK/PD data combined with diagnostic
hurdles specific to S maltophilia impedes the optimization of

antimicrobial therapy and makes it difficult for clinical labora-
tories to provide useful actionable information to clinicians
[21]. As most S maltophilia infections occur in the respira-
tory tract and human epithelial lining fluid is known to have
an acidic pH [22], drug concentrations and antibacterial ac-
tivity at the site of infection must be considered. This creates
additional challenges given the considerable PK variability
among the limited number of available treatment options for
S maltophilia, such as between-class differences in pulmonary
penetration (~24% for cefiderocol vs >100% for levofloxacin)
and within-class differences in activity at acidic pH among the
fluoroquinolones [23-25]. From a PD perspective, there are
1 or more published studies to inform the exposure-response
relationship of trimethoprim-sulfamethoxazole (TMP-SMX),
levofloxacin, or minocycline against S maltophilia, impeding
the assessment of optimal dosing or of the appropriateness
of current susceptibility breakpoints. Furthermore, available
PK/PD data from other gram-negative pathogens including
Enterobacterales and P aeruginosa cannot be extrapolated to
S maltophilia due to significant differences in PD activity even
at optimized PK exposures against similar minimum inhib-
itory concentrations (MICs) [26-28]. Finally, discrepancies
between in vitro and in vivo activity and clinical efficacy are
common owing in part to its slow growth rate and high muta-
tion frequency [29]. Together these issues challenge the ability
to maximize drug efficacy and minimize toxicity, leading to
the low cure and high mortality rates observed in S maltophilia
infections [22]. Although TMP-SMX is typically considered a
preferred agent for S maltophilia, there is no established PK/
PD index or target threshold for efficacy or toxicity, severely
impairing the ability to optimize its clinical use. TMP-SMX is
further limited by its side effect profile of being a major cause
of myelosuppression, which largely precludes its use in neu-
tropenic cancer patients, a major target host population for S
maltophilia infections. Thus, cancer centers widely utilize al-
ternative agents such as minocycline, levofloxacin, ceftazidime,
or agents that lack Clinical and Laboratory Standards Institute
(CLSI) breakpoints such as ciprofloxacin, tigecycline, or
colistin. This emphasizes the need to bolster the expansion of
clinical breakpoints for agents other than TMP-SMX and fur-
ther studies needed for other agents. Although the MIC,_
values against S maltophilia are low at 0.5/1 mg/L, TMP-SMX
is bacteriostatic in vitro and cannot be reliably tested in vivo
due to the increased systemic thymidine concentrations in ro-
dents compared to humans [30, 31]. The majority of dosing re-
commendations for TMP-SMX are based on achieving target
maximum concentrations (C_ ) of 100-200 mg/L of SMX and
5-8 mg/L of TMP against Pneumocystis [32]. Oral (PO) and in-
travenous (IV) doses of 15 mg/kg/day of TMP should achieve
these targets while maintaining trough concentrations above
the MIC,, for S maltophilia. Doses of 20 mg/kg/day are associ-
ated with unacceptably high rates of gastrointestinal and central
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nervous system toxicities [33]. Among 106 patients with S
maltophilia infections treated with TMP-SMX who underwent
therapeutic drug monitoring (TDM), there was no association
between SMX levels and efficacy or toxicity despite TDM-based
dose adjustments [34]. Despite the lack of PK/PD-supported
dosing, TMP-SMX remains a first-line agent per the recent
Infectious Diseases Society of America (IDSA) guidance docu-
ment for mild infections due to S maltophilia whereas combina-
tion therapy with minocycline is preferred for serious infections
[35]. The recommended dose in this guidance document is
10-15 mg/kg/day of TMP IV/PO divided in 3 doses and given
every 8 hours with a maximum daily dose of TMP of 960 mg.
Pooled time-kill analyses data of TMP-SMX alone against 25
S maltophilia isolates with TMP MICs of 0.25-8 mg/L reveal a
lack of bactericidal activity and moderate correlation between
MIC and reduction in bacterial density (R* = 0.80) regardless of
concentration tested [26, 36, 37]. In one of the only available dy-
namic in vitro PK/PD studies, TMP-SMX was tested against 4
clinical isolates of S maltophilia [38]. Despite susceptibility and
drug concentrations above the MIC, TMP-SMX (5 mg/kg every
12 hours [Q12h]) alone again had no activity against any isolate
even when retested at doses equivalent to 15 mg/kg TMP Q12h.

The fluoroquinolones maintain in vitro susceptibility
against S maltophilia and their use as first-line and alterna-
tive therapy continues to increase based on clinical outcomes
data. As discussed later in this review, the clinical efficacy of
the fluoroquinolones may be tempered by the potential for de-
velopment of resistance while on therapy. The justification for
this concern is often attributed to a 1-compartment in vitro PK/
PD analysis from 1996 that evaluated ciprofloxacin (area under
the curve [AUC] ~11 mg X hour/L) against a resistant clinical
isolate (MIC 28 mg/L) of S maltophilia [29]. As the target AUC/
MIC for maximal antibacterial activity and clinical efficacy of
the fluoroquinolones is at least 87 [39], ciprofloxacin unsur-
prisingly demonstrated no bacterial kill, and resistant mutants
(MIC 216 and 2128 mg/L) emerged after 12 hours. A subse-
quent 2-compartment, 48-hour in vitro PK/PD model evaluated
ciprofloxacin (750 mg PO Q12h) and moxifloxacin (400 mg PO
every 24 hours [Q24h]) against 3 strains of S maltophilia with
MIC:s to ciprofloxacin of 0.5, 1, and 2 mg/L and to moxifloxacin
of 0.06, 0.25, and 0.5 mg/L [40]. As the AUC/MIC ratios
ranged from only 12 to 50 for ciprofloxacin compared to 35
to 287 for moxifloxacin, moxifloxacin achieved a more rapid
kill and slower bacterial regrowth than ciprofloxacin, although
there were no significant differences in activity at 48 hours.
Levofloxacin is the only fluoroquinolone with established CLSI
breakpoints and MIC, , values are 1/>4 mg/L overall and
>4/>4 mg/L against TMP-SMX-resistant strains [30]. A study
evaluated the PD of a human-simulated regimen of levofloxacin
750 mg Q24h against 26 S maltophilia isolates via a neutropenic
mouse thigh infection model. Mean + standard deviation (SD)
changes in log, colony-forming units (CFU)/thigh at 24 hours

were —1.66 + 0.89, 0.13 £ 0.97, and 1.54 + 0.43 for isolates with
an MIC of <1, 2, and 24 mg/L, respectively. Only 1 of 6 isolates
with an MIC of <2 mg/L achieved at least a 1 log, , CFU/thigh
reduction. A strong positive correlation (R* = 0.82) was dem-
onstrated between change in log = CFU/thigh and the fAUC/
MIC in efficacy studies, with observed thresholds for stasis and
1-log kill of 39.9 and 54.9, respectively. These thresholds were
then used in a 5000-subject Monte Carlo simulation to eval-
uate the probability of target attainment (PTA) of a 750 mg
Q24h as a 1.5-hour IV infusion dosing regimen across MICs
from 0.5 to 8 mg/L based on PK parameters derived from 58
patients with nosocomial pneumonia [39]. Probability of target
attainment for stasis and 1-log kill was maintained above 90% at
MIC values <0.5 mg/L, but was <50% at the current CLSI MIC
breakpoint of 2 mg/L. These results suggest a potential need to
lower the current CLSI breakpoint for levofloxacin, although
no data evaluating clinical outcomes based on levofloxacin
MIC are available. Of note, the CLSI levofloxacin breakpoint
against Enterobacterales was revised in 2019 from <2 mg/L to
<0.5 mg/L based on available PK/PD and clinical outcomes data
[41]. If this breakpoint were applied to S maltophilia, overall sus-
ceptibility to levofloxacin would be reduced to approximately
21%. Levofloxacin monotherapy is recommended at a dose of
750 mg IV/PO Q24h per the aforementioned IDSA guidance
document for mild infections while combination therapy with a
second active agent is recommended for serious infections [35].

Similar to TMP-SMX, there are a dearth of in vitro or in
vivo PK/PD or clinical outcomes data to support the promising
e 0:5/2 mg/L) [30].
Pooled time-kill analysis data of minocycline alone against
21 S maltophilia isolates with MICs of 0.125-16 mg/L dem-
onstrate a lack of bactericidal activity and poor correlation
between MIC and reduction in bacterial density (R* = 0.44) re-
gardless of concentration tested [36, 37]. Only 1 in vivo PK/
PD study has investigated the PK/PD index of efficacy and ex-
posure targets for stasis and 1-log kill of minocycline against S

in vitro potency of minocycline (MIC

maltophilia via the neutropenic murine infection model [42].
Against the 4 isolates used in dose fractionation experiments
with MICs of 0.25-1 mg/L, fAUC/MIC best correlated with an-
tibacterial activity (R* = 0.57), and composite targets for stasis
and 1-log kill were 9.6 and 23.6, respectively. In efficacy ex-
periments utilizing a human simulated minocycline regimen
of 100 mg Q12h as a 1-hour IV infusion against all 17 isolates
with MICs of 0.25-8 mg/L, the mean (+ SD) change in bacterial
density against isolates with MICs <0.5 mg/L was -1.44 + 1.37
log,, CFU/thigh vs 1.18 + 0.79 log , CFU/thigh for those with
MICs 21 mg/L. A reduction of at least 1 log, CFU/thigh was
achieved at 24 hours against only 6 of 17 isolates (all with MICs
<0.5 mg/L) while all 10 isolates with MICs 21 mg/L demon-
strated regrowth similar to untreated controls. These targets
were further explored in a 5000-subject Monte Carlo simula-
tion to evaluate the PTA of minocycline regimens of 100 mg
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and 200 mg Q12h as 1-hour infusions across MICs from 0.125
to 8 mg/L based on the exposure thresholds of 9.6 and 23.6 for
stasis and 1-log kill identified in dose fractionation studies. At
the 100 mg Q12h IV dose, PTA was >90% for stasis and 1-log
kill at MICs <0.5 and <0.25 mg/L, respectively, compared to <1
and <0.5 mg/L for the 200 mg Q12h IV dose. At the current
CLSI breakpoint of 4 mg/L, PTA was <15% regardless of dose
or target assessed. Of note, the PK parameter estimates used
for these Monte Carlo simulations were taken from a popula-
tion model derived from a single-dose study of minocycline
200 mg IV in 50 critically ill patients with suspected or docu-
mented gram-negative infection [43]. Importantly, the mean
clearance value (5.2 L/hour) in this study was almost 5-fold
higher than that observed in a 1975 study of health volunteers
(1.2 L/hour), but roughly 1.5-fold lower than that observed in
a 2018 study of healthy volunteers given a single 200 mg dose
(8.2 L/hour) [44, 45]. Similar to levofloxacin, these results in-
dicate that a breakpoint of <0.5 mg/L based on a “high-dose”
minocycline regimen of 200 mg IV Q12h may be more appro-
priate than the current breakpoint of <4 mg/L, although clinical
outcomes data according to MIC are similarly lacking. Contrary
to levofloxacin, roughly 64% of S maltophilia would remain sus-
ceptible to minocycline at a breakpoint of <0.5 mg/L, and doses
as high as 600 mg have been tolerated in healthy volunteers [46]
The “high-dose” minocycline regimen is also recommended
as the preferred monotherapy agent for mild infections in the
IDSA guidance document [35].

Cefiderocol is a novel siderophore cephalosporin with
similarly favorable in vitro activity against S maltophilia,
demonstrating MIC, values as low as 0.12-0.5 mg/L, including
against isolates resistant to TMP-SMX and/or levofloxacin.
In an in vitro time kill analysis against 9 clinical isolates,
cefiderocol was bactericidal against only 2 strains at 4 times
the MIC or fCmax [37]. In an in vitro 1-compartment PK/PD
study, a human-simulated cefiderocol regimen of 2 g every 8
hours (Q8h) IV over 3 hours was evaluated against 3 clinical S
maltophilia isolates [47]. Although all 3 isolates had cefiderocol
MICs of 0.25 mg/L, bactericidal activity achieved by 8 hours and
sustained through 24 hours was subsequently lost as regrowth
and the development of resistant mutants (MIC >64 mg/L) was
observed by 72 hours against all strains. Despite this relatively
poor in vitro activity in static and dynamic PK/PD models,
cefiderocol has demonstrated excellent in vivo activity against S
maltophilia in neutropenic and immunocompetent mouse and
rat thigh and lung infection models [28, 48, 49]. Importantly,
the efficacy of cefiderocol was equal to or better than that of
comparator agents such as ceftazidime, levofloxacin, and
minocycline and was not impacted by resistance to these
agents. The current CLSI breakpoint for cefiderocol against S
maltophilia is <4 mg/L, despite the lack of in vitro or in vivo data
against isolates with MICs >0.5 mg/L and very limited clinical
data as is discussed later. Similarly to TMP-SMX, levofloxacin,

and minocycline, cefiderocol is reccommended as monotherapy
for mild infections and in combination with a second active
agent for serious infections per the IDSA guidance document.

As a result of the suboptimal antibacterial activity observed
with monotherapy in vitro, exploring combination therapy
against S maltophilia has been of interest as early as 1979. Initial
in vitro checkerboard assays demonstrated relatively modest
and variable rates of synergy overall (40%-80%), although the
combination of TMP-SMX and ticarcillin-clavulanate consist-
ently showed significantly better synergy than TMP-SMX with
a fluoroquinolone or minocycline [50-52]. An early in vitro
synergy study evaluated 31 isolates of S maltophilia against
ticarcillin-clavulanate combined with ciprofloxacin or TMP-
SMX via checkerboard assay [53]. All 31 isolates were re-
sistant to ticarcillin-clavulanate and TMP-SMX and 52% were
ciprofloxacin resistant. Ticarcillin-clavulanate and TMP-SMX
were synergistic against all 31 (100%) isolates and ticarcillin-
clavulanate plus ciprofloxacin was synergistic against 24 (77%).
Twenty of these 31 isolates were selected for subsequent time-
kill analysis based on the ciprofloxacin MIC, which ranged
from 2 to 64 mg/L. Ceftazidime was also included in time-kill
experiments. The combination of ticarcillin-clavulanate and
TMP-SMX was again synergistic against all 20 (100%) strains,
despite in vitro resistance to TMP-SMX. Synergy of the com-
bination of ciprofloxacin with either ticarcillin-clavulanate or
ceftazidime was dependent on the ciprofloxacin MIC as the
15 strains with ciprofloxacin MIC <32 mg/L demonstrated
synergy whereas the 5 strains with MIC 232 mg/L did not. A
subsequent time-kill study of TMP-SMX in combination with
ceftazidime, minocycline, moxifloxacin, and tigecycline against
12 strains also demonstrated the highest rate of synergy be-
tween TMP-SMX and moxifloxacin at 50% and all 6 strains had
a moxifloxacin MIC <4 mg/L [36]. Finally, in combination at
0.5 times the MIC, cefiderocol was synergistic with minocycline
and TMP-SMX against 6 of 9 isolates, with polymyxin B against
5 and with levofloxacin against 4, which coincided with the
susceptibility agent used in combination with cefiderocol
[37]. Overall, cefiderocol was synergistic with another agent
in 58% of experiments but bactericidal in combination in just
11%. While considerably more work is needed to identify op-
timal combination regimens against S maltophilia, these find-
ings, together with previous data, indicate that synergy is most
often achieved when p-lactams are combined with an intracel-
lular agent like TMP-SMX [54, 55], a fluoroquinolone [56], or
minocycline [37] and that it likely can be predicted by the MIC
of the agent used in combination.

Antimicrobial Treatment

The optimal treatment for S maltophilia infections has been
the subject of numerous reviews, especially with the continued
emergence of its resistance to commonly used agents. Similar
to other pathogens with significant intrinsic and acquired
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resistance, antimicrobial treatment regimens are often selected
almost solely based on microbiology and AST results as clin-
ical outcomes data capable of guiding therapy are scarce at best.
Moreover, the limited clinical data available almost always exist
in the form of uncontrolled observational studies rather than re-
liable controlled trials. In fact, no prospective trials comparing
treatment options for S maltophilia have ever been conducted.
As such, reviews such as this one can be especially helpful to
clinicians by collating, synthesizing, and translating the avail-
able pieces of data into as coherent and evidence-based recom-
mendations as possible. To achieve this goal in the current work,
we searched Medline via PubMed from its inception in 1996
until April 2021 using the terms [(Stenotrophomonas) AND
(treatment OR outcome OR clinical)] or [(Stenotrophomonas)
AND (sulfamethoxazole OR trimethoprim OR fluoroquin-
olone OR levofloxacin OR tetracycline OR minocycline OR
tigecycline OR f-lactam OR ceftazidime OR cefiderocol OR
ticarcillin)]. All clinical studies were screened and considered
for review with no specific exclusion criteria other than being
published in English. The references of included studies were
reviewed to identify other relevant works. As noncomparative
and/or single group studies detailing the clinical manifestations,
risk factors, and outcomes related to S maltophilia infection
have been reviewed and meta-analyzed thoroughly previously,
we chose to focus on studies directly comparing the clinical
outcomes between 2 or more treatment groups (either different
agents or monotherapy vs combination therapy). We felt this
was the primary area of clinical uncertainty and would be most
beneficial to clinicians, especially since there has been a surge
of these comparative studies published within the last 3-5 years
that have yet to be comprehensively analyzed and summarized.
Consequently, our initial search strategy resulted in 1246 arti-
cles, of which 17 were comparative studies [51, 57-72] and were
therefore included along with 1 systematic review and 1 meta-
analysis focused on evaluating treatment regimens [73, 74].
These were then grouped into strata based on the treatments
compared, year of publication, and the type of study. Select
characteristics of included studies are summarized in Table 1.

TMP-SMX Versus Fluoroquinolones

As discussed, the use of TMP-SMX as the primary therapy for
S maltophilia infections has been and continues to be almost
exclusively based on reliable in vitro susceptibility coupled with
observational data rather than robust PK/PD or clinical out-
comes studies. While there are no clear signals of clinical failure
in the literature regarding TMP-SMX for S maltophilia infec-
tions, it continues to fall out of favor due primarily to the lack
of information to guide optimal dosing and the significant as-
sociated adverse drug events (ADEs) [58]. This was evident in a
recent retrospective analysis (2010-2015) of adult patients with
S maltophilia bacteremia from the Premier Health Database
in the US, which demonstrated that although TMP-SMX

demonstrated 95% susceptibility, only 38.3% of 444 patients re-
ceived it as definitive therapy whereas 65% received a fluoro-
quinolone [75]. Fluoroquinolones, primarily levofloxacin, have
been the most thoroughly explored alternative agents to TMP-
SMX given their susceptibility rates and efficacy and safety
profile.

One of the first clinical studies to evaluate fluoroquinolones
for the treatment of S maltophilia included 101 critically ill
trauma patients with ventilator-associated pneumonia (VAP)
due to S maltophilia from 1997 to 2007 [57]. The majority (66%)
of patients had polymicrobial VAP, most commonly (31%) with
P aeruginosa. Almost all (86%) patients received TMP-SMX ei-
ther as monotherapy (77%) or combination therapy (9%) while
14% received ciprofloxacin monotherapy (6%) or in combina-
tion (8%). The most common (5%) combination regimen was
TMP-SMX plus ciprofloxacin. The average dose of TMP was
11.2 mg/kg/day and led to hyperkalemia in 42% of patients vs
13% on non-TMP-SMX regimens (P < .04). The average du-
ration of treatment was 11 days, and no significant differences
were observed in success rates between patients treated for <10
days or 210 days. The overall clinical and clinical plus microbi-
ological success rates were 87% and 82%, respectively, and were
similar between monomicrobial and polymicrobial infection.
The clinical success rate was 86% in patients receiving a reg-
imen containing TMP-SMX vs 93% without (P = .68). All-cause
and infection-related mortality were low at 13% and 7%, respec-
tively, likely due in part to the inclusion of young, otherwise
healthy trauma patients and the exclusion of immunocompro-
mised and medically ill patients.

Bacteremia is the second most common infection due to S
maltophilia after pneumonia, and mortality is high regardless
of treatment [76, 77]. Cho et al were the first to publish on the
clinical efficacy of levofloxacin compared to TMP-SMX for
the treatment of S maltophilia bacteremia [58]. They identified
203 adult patients with bacteremia from 2000 to 2012 and in-
cluded 86 who received IV monotherapy for at least 48 hours
with either TMP-SMX (n = 51) or levofloxacin (n = 35). The 2
groups were well balanced on baseline clinical characteristics
including almost half (44%) who were neutropenic and 23%
who had septic shock at baseline. Overall, there was no signifi-
cant difference in 30-day mortality between the TMP-SMX and
levofloxacin groups (27.5% vs 20%, P = .43), which persisted
after excluding those with polymicrobial bacteremia (19.8%)
and those who received combination therapy (14%). After uni-
variate and multivariate analyses, only pneumonia and septic
shock were associated with 30-day mortality whereas treatment
agent was not. Adverse events were significantly more common
in the TMP-SMX group (23.5% vs 0%, P =.001), with 10 AEs
in TMP-SMX patients necessitating discontinuation. Eight
levofloxacin patients were switched to TMP-SMX for unknown
reasons, although the authors state that treatment failure was
not observed. There were no significant differences in length of
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stay (LOS) or recurrent bacteremia, although in the 8 patients
with recurrence, 4 developed a levofloxacin-resistant isolate (2
from each treatment group). No information is provided on
actual MICs, doses received, or duration of therapy. Although
efficacy appeared similar with fewer ADEs in the levofloxacin
group, the emergence of resistance observed even in patients
who did not receive levofloxacin is concerning although not
well described.

One of the earliest studies to include multiple infection types
started in 2008 and ran through 2011, during which Wang et
al performed a retrospective evaluation of 98 patients who re-
ceived TMP-SMX (n = 35) or a fluoroquinolone (n =63 [48
levofloxacin, 15 ciprofloxacin]) monotherapy for S maltophilia
infection from any site [59]. There were no clinically significant
differences in baseline characteristics that were likely to impact
the exposure or outcome. Pulmonary infections accounted for
56% of all infections, followed by skin and soft tissue (19%), uri-
nary tract infection (UTI) (9%), complicated intra-abdominal
infection (9%), and bacteremia (6%) and 24% of patients were
in the ICU at the time of index culture. As is common with S
maltophilia, 77% of patients had a polymicrobial infection
(most commonly P aeruginosa) and this was significantly more
frequent in the fluoroquinolone group (84% vs 63%, P = .017).
Levofloxacin demonstrated 82% susceptibility vs 96% with
TMP-SMX and the median daily dose was 500 mg/day for
levofloxacin, 1000 mg/day for ciprofloxacin, and 7.8 mg/kg/
day of TMP. Overall clinical success was roughly 55% in each
group and 30-day mortality was 31% for levofloxacin and 22%
for TMP-SMX (P = .42). Separating those patients who had
pneumonia or bacteremia demonstrated worse outcomes, with
microbiological cure and clinical success at 50% and 40% for
pneumonia and bacteremia, respectively, and in-hospital mor-
tality at 31% and 33%, although no difference was observed be-
tween treatment arms in these subgroups. Factors associated
with increased mortality upon multivariable analysis were ICU
admission and receipt of chemotherapy, but treatment arm was
not included as a covariate as there was no difference on uni-
variate analysis. Microbiological cure in patients with repeat
cultures was similar at 62% and 65% (P = .832) for levofloxacin
and TMP-SMX, respectively, although 14% (2 of 7) of the iso-
lates in the TMP-SMX group recultured at the end of therapy
developed resistance to TMP-SMX compared to 71% (10 of
14) of isolates in the levofloxacin group. This development of
resistance occurred after a median duration of therapy of just
8-9 days in each group. The authors do report MIC data in this
study, which demonstrated a 2- to 8-fold log, dilution increase
in median MIC from baseline to end of therapy for TMP-
SMX (20-40 mg/L), levofloxacin (1-8 mg/L), and minocycline
(1-4 mg/L). Although clinical outcomes were similar, the
emergence of resistance is again worrisome, especially for
levofloxacin, although the high baseline MIC values in relation
to the relatively low doses used may have contributed.

Another retrospective study of S maltophilia bacteremia in-
cluded 54 patients and compared outcomes between those
who received TMP-SMX (n = 32) or fluoroquinolone (n =22
[11 ciprofloxacin, 5 levofloxacin, and 6 moxifloxacin]) mono-
therapy for 248 hours [60]. The groups were well matched on
baseline characteristics and the mortality rate was 31.3% in
the TMP-SMX group and 13.6% in the fluoroquinolone group
(P =.20). On multivariable analysis, treatment group was not
identified as a significant independent predictor of mortality,
whereas Acute Physiology and Chronic Health Evaluation II
(APACHE 1I) score and the use of broad-spectrum antibiotics
prior to index blood culture were. There were no significant
differences in any secondary outcomes, and the rate of discon-
tinuation due to an adverse event was similar between groups.
Unfortunately, microbiological outcomes were not assessed and
no information was provided regarding MICs or dosing in ei-
ther group.

A 6-year retrospective study (2005-2010) in Greece evalu-
ated the characteristics, susceptibilities, and treatment out-
comes of 68 patients with S maltophilia infections [61]. Roughly
two-thirds (66%) were immunocompromised, 21% were in
the ICU, and 54% had pneumonia while 16% were bacteremic.
As expected, most infections were polymicrobial (66%), most
commonly with K pneumoniae (10%) or P aeruginosa (9%).
Susceptibility results were similar for TMP-SMX (85%) and
ciprofloxacin (82%). Of the 55 patients with available treatment
data, only 35 received effective targeted antimicrobial therapy,
most commonly with a regimen including ciprofloxacin (42%).
Interestingly, <10% of patients received monotherapy with any
agent and only 9% received TMP-SMX at all (none received
monotherapy). Although specific combination regimens were
not reported, colistin (26%) and tigecycline (13%) use was
higher than in similar studies from other geographic areas.
All-cause in-hospital mortality was 14.7% while death due to
S maltophilia was 4.4%, all of which occurred in the ICU. The
median LOS was 17 days and 78% of patients achieved a clin-
ical cure. The authors evaluated risk factors for mortality and
found numerous significant covariates upon univariate analysis
including the use of tigecycline, colistin, or TMP-SMX as tar-
geted therapy associated with increased mortality while the use
of ciprofloxacin as empiric therapy was protective. After multi-
variate analysis, though, only ICU admission was significantly
associated with mortality. The interpretation of this study is
impeded by the low rates of effective targeted therapy, which
may argue toward colonization vs true infection in these pa-
tients and would coincide with the low mortality rate observed,
especially in relation to the predominantly immunosuppressed
population and infrequent use of TMP-SMX.

The most recent study was conducted by Nys et al (2012-
2016) and included 76 adult patients with monomicrobial in-
fections due to S maltophilia treated with either TMP-SMX
(n = 45) or levofloxacin (n = 31) monotherapy for at least 48
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hours [62]. Almost all (92%) patients had pneumonia and 50%
were in the ICU at the time of infection. Patients receiving TMP-
SMX had a higher median APACHE II score (18 vs 14, P = .004)
and twice as many were in the ICU and on mechanical ventila-
tion than those who received levofloxacin. Clinical cure, micro-
biological eradication, and 28-day mortality were 78.9%, 81.6%,
and 14.5% overall. Despite higher severity of illness in the TMP-
SMX group, outcomes were similar between the TMP-SMX and
levofloxacin groups (clinical cure: 82.2% vs 74.2%, P = .40; mi-
crobiological eradication: 84.4% vs 77.4%, P = .55). Mortality
in each treatment group was not reported. Logistic regression
analysis included treatment group but only identified APACHE
IT score being related to clinical cure. Of the 14 isolates cultured
following treatment, resistance developed in 3 receiving TMP-
SMX (6.7%) vs 6 who received levofloxacin (19.3%) after a me-
dian duration of 13 days of therapy. Median doses of TMP and
levofloxacin were 10.3 mg/kg/day and 750 mg/day, respectively,
although MICs were not reported. Adverse events occurred
in 4% of TMP-SMX patients vs 0% of levofloxacin (P = .26).
Despite the observed selection bias in the TMP-SMX group
and the suboptimal TMP-SMX dosing, outcomes were similar
to levofloxacin while resistance development was again more
common after levofloxacin treatment.

TMP-SMX Versus Fluoroquinolones and/or Tetracyclines

Tigecycline was US Food and Drug Administration (FDA)
approved in 2005 for complicated skin and soft structure
infections, complicated intra-abdominal infections, and
community-acquired bacterial pneumonia. It does not have
an FDA indication for S maltophilia nor CLSI breakpoints,
but its package insert does include S maltophilia in the group
2 organisms for which it demonstrates adequate in vitro ac-
tivity but lacks supporting clinical data from its clinical trials.
Given its documented in vitro activity and the challenges with
other alternative therapies, Tekge et al compared the efficacy of
tigecycline to that of TMP-SMX in 45 adult patients who had
received at least 3 days of therapy for a nosocomial S maltophilia
infections (19 in the tigecycline group and 26 in the TMP-SMX
group) [63]. Patients with a polymicrobial culture, those who
were colonized with S maltophilia, and those who received
combination therapy were excluded. Standard doses of each
agent (tigecycline 50 mg Q12h, TMP-SMX 800/160 mg Q8h)
were given for 14-21 days and sites of infection included 51%
pneumonia, 29% surgical site infection, and 11% bacteremia
secondary to pneumonia. Patients were critically ill at baseline
with 62.2% having an APACHE II score >20. Concomitant in-
fections were common as 36% of patients had A baumannii,
11% P aeruginosa, and 9% Enterobacter spp. Using a suscepti-
bility breakpoint of <2 mg/L for tigecycline, 100% of isolates
were susceptible vs 80% to levofloxacin and 98% to TMP-SMX.
At day 14 of therapy, clinical improvement was 69.2% in the
TMP-SMX group vs 68.4% in the tigecycline group (P = .954),

and the mortality rate at 30 days was 31% for TMP-SMX vs 21%
for tigecycline (P = .52).

In a study comparing the outcomes between alternative ther-
apies, Zha et al conducted a multicenter retrospective study of
82 adult inpatients with VAP due to S maltophilia from 2017 to
2020 in China who received monotherapy with either standard-
dose tigecycline (n = 46) or a fluoroquinolone (levofloxacin or
moxifloxacin) (n = 36) [67]. Patients who had combination or
sequential therapy with tigecycline and a fluoroquinolone, had
polymicrobial infections with a pathogen resistant to tigecycline
and fluoroquinolones, or received ineffective definitive therapy
for 248 hours were excluded. The median age overall was 76
years and median APACHE II score was 21. VAP occurred late,
as expected, with a median duration of 15 days from intuba-
tion to onset of infection. More than two-thirds (71%) of VAP
was polymicrobial with A baumannii (45%), Enterobacterales
(38%), and P aeruginosa (17%). The primary outcomes of in-
terest demonstrated that patients who received tigecycline had
significantly lower clinical cure (32.6% vs 63.9%, P =.009)
and microbiological cure (28.6% vs 59.1%, P = .045), whereas
no significant difference was observed in 28-day mortality
(47.8% vs 27.8%, P = .105). These findings remained consistent
after regression modeling incorporating inverse probability of
treatment weighting and excluding patients coinfected with P
aeruginosa. Although patients who received tigecycline had a
higher severity of illness at baseline, logistic regression found
that therapy with tigecycline was significantly associated with
an approximate 70% reduction in the odds of clinical cure
along with older age, malignancy, and higher APACHE II score.
Although MIC values were not reported, suboptimal dosing
was utilized for tigecycline (50 mg Q12h) while high dosing
was used for levofloxacin (500 mg Q12h), which may have con-
tributed to the differences in clinical outcomes. Particularly
in patients with VAP, previous studies suggest that high-dose
tigecycline (100 mg Q12h) is needed to ensure optimal out-
comes [78, 79].

Given the well-known shortcomings associated with
tigecycline for serious infections along with the promising in
vitro activity of minocycline, several studies have evaluated its
potential as alternative therapy to TMP-SMX. Hand et al ret-
rospectively analyzed laboratory data from 2006 to 2012 of
patients with at least 1 positive culture for S maltophilia and
cross-referenced it with pharmacy data for patients treated with
either TMP-SMX (n = 22) or minocycline (n = 23) monotherapy
for >48 hours [64]. Polymicrobial infection was present in 73%
of patients overall, 65% in the minocycline group and 82% in the
TMP-SMX group, with the most common concomitant path-
ogen being P aeruginosa. The primary site of infection was the
respiratory tract in 69.5% of minocycline patients and 59% of
TMP-SMX-treated patients. All S maltophilia isolates were sus-
ceptible to both drugs but MICs were not reported. Mean dura-
tion of treatment was twice as long in the minocycline group vs
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the TMP-SMX group (13 days vs 7 days, P =.009) for unclear
reasons but may be indicative of clinical imbalances between
the groups and/or selection bias. The dosing was suboptimal in
both groups, with minocycline patients receiving 100 mg Q12h
and the TMP-SMX group receiving just 8.5 mg/kg/day of TMP.
Although 65% and 86% of minocycline and TMP-SMX patients,
respectively, received the drug orally and outcomes were good,
adverse events were not reported so tolerability could not be
assessed. The authors’ primary outcome was treatment failure,
defined as receipt of alternative antibiotics with in vitro ac-
tivity against S maltophilia, isolation of S maltophilia on repeat
culture, or death within 30 days of treatment. Unfortunately,
follow-up respiratory cultures were collected within 15 days re-
gardless of clinical signs and symptoms, which likely inflated
the clinical failure rates to 41% and 30% in the TMP-SMX and
minocycline groups, respectively. Encouragingly, the mortality
was relatively low at 9% in each group.

Two studies have evaluated multiple alternative agents con-
comitantly. In a case series of S maltophilia bacteremia, Ebara
et al retrospectively reviewed the clinical characteristics, out-
comes, and risk factors for mortality in 44 patients across 2
study sites in Japan from 2007 to 2013 [65]. The median age
was 49 years, half (52.3%) were in the ICU at enrollment, 54.5%
were intubated, and 71% were immunocompromised. Roughly
one-third of bacteremias were catheter-related while 43% were
from an unknown source. Susceptibility to levofloxacin was
82%, minocycline was 100%, and TMP-SMX was just 80%.
Interestingly, there were 16 patients who never received effec-
tive antimicrobial therapy (all were treated with a carbapenem)
and 11 (69%) survived, potentially due to the high rate of
catheter-related bacteremias. Among the 28 patients who were
treated, 15 received a fluoroquinolone, 10 received minocycline,
and 3 received TMP-SMX with no differences in 90-day sur-
vival noted between the treatment arms. Overall survival across
the 3 treatment groups was only approximately 42% compared
to approximately 70% in the untreated arm, likely indicating
colonization in those patients although this was not signifi-
cantly different (log-rank P =.391). Multivariable analysis did
not include treatment regimen as a covariate but revealed that
underlying comorbidities and intubation were the only signifi-
cant predictors of mortality. The lack of information regarding
source control, MICs, doses administered, and clinical and/or
microbiological outcomes other than mortality in this work
make these outcomes difficult to interpret, although no clear
difference in mortality between antimicrobial treatment agents
was observed.

In the largest and most robust retrospective comparative
study to date, 284 patients (2010-2016) received TMP-SMX
(n =217), minocycline (n = 39), or a fluoroquinolone (n = 28;
9 ciprofloxacin, 2 levofloxacin, and 17 moxifloxacin) mono-
therapy for S maltophilia infection from any site [66]. More than
60% of patients in each group had pulmonary infections and

approximately 10% had bacteremia. The median doses of each
agent were 9.7 mg/kg/day of TMP, 800 mg/day of ciprofloxacin,
750 mg/day of levofloxacin, 400 mg/day of moxifloxacin, and
200 mg/day of minocycline, and median duration of therapy
was 12 days. As expected, there was clear evidence of a selection
bias as patients who received TMP-SMX had a higher severity
of illness at baseline compared to those who received a fluor-
oquinolone. The authors employed propensity score weighting
and inverse probability-weighted regression to account for
this bias. After adjustment for confounding factors, treat-
ment was not associated with the primary outcome of clinical
failure while lower mortality was observed in patients receiving
minocycline (adjusted odds ratio [aOR], 0.2 [95% confidence
interval {CI}, .1-.7], P = .02) compared to TMP-SMX (5.5% vs
15%, P = .011). Mortality was similar between the fluoroquin-
olone and TMP-SMX groups (9.9% vs 15%, P = .41; aOR, 0.3
[95% CI, .1-2.1], P = .23). Other significant independent pre-
dictors included age, APACHE II, vasopressor use, and LOS
prior to index culture. There were no significant differences in
any other secondary outcomes including LOS and development
of resistance. Although documented susceptibility was part of
the eligibility criteria, microbiological cure was not explored
and MIC values were not reported.

Notwithstanding the inherent limitations related to the retro-
spective study designs and small patient populations, these 11
studies taken together indicate that levofloxacin or minocycline
may be reasonable alternatives for treatment of serious infec-
tions due to S maltophilia. None of the available data suggest
that levofloxacin or minocycline are associated with worse
clinical outcomes compared to TMP-SMX including mor-
tality, clinical cure, or microbiological eradication. Despite
being underdosed in the majority of studies, TMP-SMX may
pose a higher risk of ADEs than levofloxacin or minocycline,
while levofloxacin seemed to increase the risk of resistance de-
velopment compared to TMP-SMX or minocycline. There was
a clear selection bias problem in many of the included studies
as TMP-SMX is still perceived as the optimal therapy. In the
only study that did attempt to adjust for this, minocycline was
associated with decreased odds of mortality compared to TMP-
SMX. Unfortunately, none of the studies reported outcomes by
MIC, which may help discern antimicrobial failure from other
covariates in these complex patients with high severity of illness
and frequent polymicrobial infections.

Given the limited number of observations and low statistical
power of the individual studies available, Ko et al sought to com-
pare the clinical efficacy of TMP-SMX and fluoroquinolones in
hospitalized patients with S maltophilia infections via system-
atic review and meta-analysis [74]. Seven retrospective cohort
and 7 case-control studies published between 2014 and 2018
were identified, including a total of 633 patients: 332 in the
TMP-SMX group (50%) and 331 in the fluoroquinolone group
(50%) (187 levofloxacin and 114 ciprofloxacin). Combination
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therapy was excluded and the primary outcome was 30 day
all-cause mortality. Only 3 of the 14 included studies were de-
signed to compare 2 or more treatment groups, and all 3 dem-
onstrated no differences in outcomes. The overall mortality rate
in the meta-analysis was 29%, and the authors report finding
a survival benefit associated with the fluoroquinolones over
TMP-SMX (OR, 0.62 [95% CI, .39-.99], I* = 18%). Importantly,
the ORs for morality in this meta-analysis were pooled and not
adjusted for covariates that are well known to confound and/
or modify the relationship between the exposure (treatment)
and outcome (mortality), especially selection bias. As TMP-
SMX has long been the standard-of-care agent for serious S
maltophilia infections and fluoroquinolones have only recently
started to become acceptable alternatives, selection bias is a vir-
tual certainty and must be accounted for. To illustrate the im-
pact of this, the e-value for the point estimate (1.92) and upper
confidence limit (1.11) of the 95% CI were calculated from the
risk ratio (RR) of the meta-analysis by Ko et al (0.75 [95% CI,
.58-.99]). This analysis reveals that an unmeasured confounder
with an RR of just 1.92 could explain away the observed associ-
ation between fluoroquinolones and reduced mortality, and an
even weaker association with an RR of just 1.11 could move the
CI to include an RR of 1 and therefore no longer be statistically
significant [80]. Examining the RRs from Cho et al [58] and
Junco et al [66] (after converting from ORs) clearly shows that
virtually any covariate included in their multivariable analysis
would be capable of nullifying the effect reported by Ko et al.
Regrettably, the impact of selection bias and pooling unadjusted
ORs is familiar to the infectious diseases community after 3
separate meta-analyses published in 2013 and 2014 evaluating
daptomycin vs linezolid for the treatment of vancomycin-
resistant enterococcal bacteremia incorrectly concluded that
treatment with daptomycin was associated with higher mor-
tality, when in fact the exact opposite was true [81-84]. In ad-
dition to selection bias, variable case definitions, limited sample
sizes, heterogenous patient populations, variation in outcome
measures, and differences in dosing and PK/PD can cause mis-
leading conclusions if the appropriate methods are not em-
ployed [85]. Until further data are available and/or appropriate
meta-analysis methodology is employed, the value of the cur-
rent work is its reminder of the dangers of selection bias and
reporting pooled, unadjusted outcomes.

Monotherapy Versus Combination Therapy

Although combination therapy is a common therapeutic
strategy especially against resistant and difficult-to-treat
gram-negative pathogens [86], exceedingly few studies exist ex-
ploring this approach against S maltophilia. In the first system-
atic review of antimicrobial treatment options for S maltophilia
in 2008, Falagas et al sought to specifically evaluate the treat-
ment outcomes related to agents other than TMP-SMX [73].
The PubMed and Scopus databases were searched through

February 2008 and identified 34 publications from 1975 to 2007
comprised of 29 case reports and 5 case series including just 49
patients. Types of infections ranged widely, although many of
them included pneumonia as expected and most patients had
1 or more significant comorbidities. In 20 (41%) of the cases,
ciprofloxacin was used as monotherapy (8 cases) or in combina-
tion (12 cases), resulting in a cure rate of 85%. Twelve patients
received ceftriaxone or ceftazidime (6 as monotherapy) and 6
(50%) of these were cured while 5 patients received ticarcillin-
clavulanate (3 as monotherapy) and 3 (60%) were cured. One
case each of a patient treated with levofloxacin and another with
minocycline were included and both achieved cure. Given the
limited number of cases included and the varying treatment re-
gimens used, no statistical comparisons between monotherapy
and combination therapy are possible, although there did not
appear to be an obvious signal for efficacy or failure either way.
As a whole, this early analysis suggests that alternative agents
other than TMP-SMX may be viable treatment options alone or
as part of combination therapy.

In a letter to the editor, Jacobson et al retrospectively re-
viewed records of 93 patients who received minocycline therapy
for >48 hours (alone or in combination) for S maltophilia infec-
tions [68]. The overall mean APACHE II score was 15 + 6.6 and
53% were in the ICU. Pneumonia was diagnosed in 63% and
bacteremia in 15%. All isolates were susceptible to minocycline
and MIC results demonstrated a modal MIC of 1 mg/L. All pa-
tients except 1 received the suboptimal 100 mg Q12h dose (un-
known if IV or PO) and 46% initially received monotherapy.
Unfortunately, combination therapy regimens were not de-
scribed and a comparator arm was not included, making it
difficult to associate outcomes with either treatment modality.
The authors report an 18% clinical failure rate, primarily due
to death within 30 days (15 of 17 patients). Patients who failed
therapy were significantly more likely to have a pathogen with
a minocycline MIC of 4 mg/L (29.4% vs 2.6%, P = .004) and a
higher APACHE II score (18.1 vs 14.3, P < .05).

The first study to report TMP-SMX-based combination
therapy retrospectively analyzed 20 cases of cancer patients, 17
of whom had hematological malignancies and monobacterial
bacteremia with S maltophilia. TMP-SMX plus a fluoroquin-
olone (n =14) and TMP-SMX alone (n = 6) showed no dif-
ference in 30-day survival [51]. The largest study to date and
the only one to compare multiple dual combination regimens
included 252 patients with pneumonia due to S maltophilia
who received treatment as monotherapy (n=214) or com-
bination therapy (n=38) for at least 48 hours [69]. Most
(66%) monotherapy patients received TMP-SMX followed by
levofloxacin (22%), ciprofloxacin (6%), moxifloxacin (3%),
minocycline (3.3%), or ceftazidime (0.5%). The combina-
tion group regimens were highly variable based on in vitro
susceptibility, but the 3 most common regimens were TMP-
SMX plus ciprofloxacin (26.3%), TMP-SMX plus levofloxacin
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(21%), and TMP-SMX plus minocycline (15.8%). The groups
were fairly well balanced except that more patients in the com-
bination therapy arm had received antibiotics active against S
maltophilia in the previous 30 days and more were managed
by an infectious diseases specialist. The primary outcome was
clinical response at day 7 and secondary outcomes included
resistance emergence, recurrence, and mortality. There was no
difference in clinical response at day 7 between the combina-
tion and monotherapy groups (47.4% vs 39.7%, P = .38). This
persisted after controlling for immune status, APACHE II, and
polymicrobial infection. There were also no significant differ-
ences in any secondary outcome.

In a multicenter retrospective, observational study (2012-
2017), Tokatly Latzer et al reviewed the treatment outcomes
of 68 critically ill children with bacteremia and found a crude
mortality rate of 42% and an attributable mortality rate of
18% [70]. Antibiotic treatments were based on “standard in-
stitutional pharmacy protocols” Survival time was longest
when patients were treated with a combination of TMP-SMX,
ciprofloxacin, and minocycline (P < .01) compared to mono-
therapy with TMP-SMX or ciprofloxacin and the combination
of ciprofloxacin plus TMP-SMX.

A 2016 retrospective, single-center study published in ab-
stract form sought to compare monotherapy and combination
therapy comprised of regimens with and without TMP-SMX
[87]. One hundred six patients were included, 61 who received
monotherapy (38 included TMP-SMX) and 45 who received
combination therapy (27 included TMP-SMX). Patients who re-
ceived combination therapy were more critically ill as evidenced
by higher APACHE II scores (14 vs 13, P < .01) and prevalence
of sepsis/septic shock (62% vs 38%, P =.02). Mortality, clin-
ical response at the end of therapy, and emergence of resistance
were 16%, 72%, and 26%, respectively, with monotherapy and
40%, 49%, and 65% with combination therapy. After adjustment
for severity of illness, combination therapy was not associated
with mortality. No significant differences were observed be-
tween regimens containing TMP-SMX and those that did not.
No information regarding alternative agents used or suscepti-
bility is provided.

A retrospective study conducted from 2012 to 2017 in 25
French ICUs described the epidemiology and prognostic fac-
tors of 282 adult patients with nosocomial pneumonia (81%
VAP) due to S maltophilia with a focus on antimicrobial ther-
apies [71]. Patients were critically ill at baseline as 44% were in
septic shock, 84% were intubated, and the median Sequential
Organ Failure Assessment score was 8, although <15% were
immunocompromised. The most commonly used treatment
agents were TMP-SMX (29%), which was used in combination
80% of the time, ciprofloxacin (25%), and ticarcillin-clavulanate
(24%). Treatment failure was 23.1% and in-hospital mortality
was 49.7%. Attributable mortality was determined to be 24.3%.
More than half (59%) of patients received combination therapy,

and time to mortality was not affected by combination therapy
(59% of patients) (hazard ratio [HR], 1.27 [95% CI, .88-1.83],
P = .20) or by treatment for >7 days (median duration, 11 days)
(HR, 1.06 [95% CI, .6-1.86], P = .84). Dosing, MICs, ADEs, and
development of resistance were not reported and specific treat-
ment agents were not compared.

Finally, Sierra-Hoffman et al analyzed an observational co-
hort of cases from 6 geographically diverse sites from 2015 to
2018 where intravenous minocycline was used for suspected
or documented gram-negative infection. They included 71 pa-
tients, of whom 35 had primary S maltophilia infections (25
pneumonia, 5 bacteremia, 3 acute bacterial skin and skin struc-
ture infections, and 2 UTIs) [72]. The included patients were
severely ill as 54% received mechanical ventilation and 52%
received vasopressors. The vast majority of patients received
minocycline 100 mg IV QI12h along with a second agent as
combination therapy although no information is provided re-
garding the second agent. Susceptibility testing was performed
but only on 63% of the available gram-negative isolates and
MICs were not reported, although 100% of S maltophilia iso-
lates tested were susceptible to minocycline at baseline. All to-
gether, there were 29 patients with a documented clinical and
microbiologic response, of whom 24 had pneumonia, and their
overall clinical and microbiologic response rates were 75% and
66.7%, respectively, with an in-hospital mortality rate of 36%
despite the use of the lower 100 mg QI12h dose. The other 5
patients had bacteremia; all 5 achieved a clinical and microbio-
logical cure and none died. There were 9 patients who received
monotherapy and 20 who received combination therapy with
no differences in response rates observed. Interestingly, of 11
posttreatment isolates available for repeat susceptibility testing,
1 isolate of S maltophilia demonstrated a minocycline MIC
increase from 0.75 mg/L (susceptible) to 8 mg/L (intermediate)
after just 12 days of therapy, though the lower 100 mg Q12h
dose was used as monotherapy and resulted in clinical and mi-
crobiologic failure in this patient.

Other Alternative Agents

Cefiderocol.

Although comparative data are not yet available for these
agents, cefiderocol and aztreonam-avibactam are welcome
B-lactam additions to the therapeutic armamentarium against
S maltophilia. Cefiderocol was FDA approved on 14 November
2019 for complicated UTIs and more recently for nosocomial
pneumonia. In the cefiderocol versus high-dose extended-
infusion meropenem for the treatment of Gram-negative nos-
ocomial pneumonia study of cefiderocol in the treatment of
gram-negative pneumonia, 1 patient in the cefiderocol group
and 3 patients in the meropenem group had pneumonia due
to S maltophilia [88]. The patient receiving cefiderocol success-
fully achieved a clinical cure and microbiological eradication.
The cefiderocol or best available therapy for the treatment of
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severe infections caused by carbapenem-resistant gram-neg-
ative pathogens study was a phase 3, randomized, open-label
trial of serious infections caused by carbapenem-resistant
gram-negative pathogens that included 5 patients (6%) with S
maltophilia treated with cefiderocol vs 0% in the best available
therapy arm [89]. At the test-of-cure visit in the carbapenem-
resistant modified intent-to-treat population, none of the 5
patients with S maltophilia demonstrated a clinical cure or mi-
crobiological eradication. One patient’s cefiderocol MIC was
<0.03 mg/L, 3 subjects were 0.06 mg/L, and 1 was 0.25 mg/L
[90]. Of the 17 subjects in the cefiderocol arm who had a 4-fold
increase in MIC during the study, 3 had hospital-acquired
pneumonia/VAP due to S maltophilia. Although each of their
MIC values increased 4-fold, they were still well within the
range of susceptible with the highest being 0.25 mg/L. Two of
these subjects’ microbiological and clinical outcomes were con-
sidered “indeterminate” at the test-of-cure visit whereas 1 was
considered a clinical failure [91]. The expanded-access, com-
passionate use program of cefiderocol for serious gram-negative
infections without alternative therapy enrolled 3 patients with S
maltophilia infections as of October 2019. One patient had a
history of acute myeloid leukemia and developed bacteremia
from S maltophilia. He was treated with combination therapy
including TMP-SMX and tigecycline, and received 2 doses of
cefiderocol before he died. Another patient had a history of nec-
rotizing pneumonia and developed a new pneumonia due to S
maltophilia and P aeruginosa. She was treated with TMP-SMX,
tobramycin, piperacillin-tazobactam, and ciprofloxacin along
with a 14-day course of cefiderocol. She recovered and was dis-
charged home. The last patient had a history of cystic fibrosis
and a lung transplant and relapsed/refractory diffuse large
B-cell lymphoma. He developed pneumonia due to a resistant S
maltophilia and received cefiderocol for 21 days and recovered.

Aztreonam + ceftazidime-avibactam.

Although aztreonam is stable to the hydrolysis of the L1
metallo-B-lactamase constitutively expressed in S maltophilia, it
is easily hydrolyzed by the class A serine L2 enzyme and there-
fore is not effective as monotherapy. Ceftazidime has no activity
against metallo-B-lactamases and therapy with ceftazidime-
avibactam alone is ineffective. When combined, the avibactam
is able to inhibit the L2 enzyme and protect aztreonam so it can
exert its activity. There are currently only a few case reports
published on the use of aztreonam plus ceftazidime-avibactam
for S maltophilia in patients. An immunocompromised patient
with idiopathic medullary aplasia complicated by multidrug-
resistant S maltophilia bacteremia was treated with aztreonam
and ceftazidime avibactam for 25 days with successful microbi-
ological eradication [92]. Emeraud et al reported a single case
of pulmonary infection due to S maltophilia treated success-
fully with aztreonam pus ceftazidime-avibactam [93]. Similarly,
Mojica et al reported the successful use of the same combination

in a renal transplant recipient with prolonged bacteremia that
failed colistin [94]. Cowart and Ferguson also successfully
treated a pneumonia in a patient with cystic fibrosis [95].

MICROBIOLOGICAL APPROACHES

Mechanisms of Resistance

Similar to other gram-negative non-glucose fermenters, S
maltophilia often harbors multiple intrinsic resistance mechan-
isms that are inducible by environmental factors and/or anti-
microbial agents [96]. These various chromosomally mediated
mechanisms are responsible for its common resistant pheno-
type, which is not easily or accurately described by available
nomenclature. Although the unique chromosomally mediated
resistance mechanisms of S maltophilia are not detected by mo-
lecular rapid diagnostic tests (mRDTs), antimicrobial therapy
can be tailored from the rapid identification alone given the
known intrinsic resistance profile. Together this vast resist-
ance and lack of routine genotypic or phenotypic susceptibility
testing impedes epidemiologic surveillance and delays time to
effective therapy and therapeutic optimization, contributing to
the poor outcomes associated with this pathogen.

Only 3 antimicrobial agents (TMP-SMX, levofloxacin, and
minocycline) are included in group A and are therefore recom-
mended for routine testing and reporting per CLSI, although
only TMP-SMX and levofloxacin are tested >50% of the time
in US clinical microbiology laboratories [75, 97]. Furthermore,
many laboratories not only do not test clinically valuable
agents, but many also test agents that S maltophilia is intrinsi-
cally resistant to, which risks overuse of futile agents. Similarly,
S maltophilia has not traditionally been included on mRDTs,
which are becoming ever more frequently used as they have
been shown to significantly improve patient outcomes [98].
Fortunately, it is now included on 2 blood culture identification
panels (ePlex BCID-GN and FilmArray BCID2) and 1 lower
respiratory tract infection panel (Unyvero pneumonia panel).

Based on the presence of multiple B-lactamases, S maltophilia
is resistant to first-line agents with high efficacy and low tox-
icity such as the P-lactams, due to the presence of 2 intrinsic
B-lactamases: a class B zinc-dependent metallo-B-lactamase
(blaL1) that, seen from a therapeutic perspective, hydrolyzes all
B-lactams except for aztreonam and is not inhibited by clinically
in-use B-lactamase inhibitors such as vaborbactam, avibactam,
or relebactam; and a class A serine-(-lactamase (blaL2) that
may be inhibited by current f-lactamase inhibitors and may hy-
drolyze B-lactams including cephalosporins and carbapenems.
The presence of these chromosomally encoded B-lactamases
is involved in the resistance toward virtually all available
cephalosporins, monobactams, and carbapenems, including
B-lactams/B-lactamase inhibitors, and the pattern of resistance
varies according to the level of expression and the enzymatic
affinity to individual B-lactams [16], a pattern that is observed
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on ceftazidime-susceptible strains on isolates with low level of
expression of blaL1 and blaL2 -lactamases. A large-scale global
genome-based analysis of 2389 S maltophilia isolates from 22
countries detected blaL1 and blaL2 in 83% and 63% of strains,
respectively [99]. These B-lactamases confer significant cross-
resistance within this class and are responsible for the lack of
activity for agents to which the isolate has not been previously
exposed [100]. Modification of penicillin-binding proteins
seems to have a less direct impact on the activity of f-lactams.
In fact, in some isolates of S maltophilia, the loss of penicillin-
binding protein activity secondary to P-lactam binding can
induce B-lactamase expression, resulting in a normally bacte-
ricidal B-lactam agent becoming a potent B-lactamase inducer
leading to high-level p-lactam resistance [101].

In addition to the complex B-lactamase activity within S
maltophilia, the presence of broad-range efflux pumps such as
those from the RND family further reduce the already limited
number of treatment options. These nonspecific efflux pumps
have a wide range of substrates and can target specific agents,
entire drug classes, and/or multiple agents from different classes
simultaneously. Stenotrophomonas maltophilia has been shown
to harbor 8 putative RND-type eftlux systems, 6 of which have
been characterized for their role in antimicrobial extrusion
(SmeABC, SmeEE, SmelJK, SmeOP, SmeVWX, and SmeYZ)
[76]. The presence and overexpression of the genes encoding
these pumps can lead to resistance to aminoglycosides,
B-lactams, chloramphenicol, fluoroquinolones, macrolides,
and tetracyclines. The MacABCsm pump of the ATP-binding
cassette family and the SmrA pump of the major facilitator su-
perfamily are also common in S maltophilia and responsible
for broad-spectrum antimicrobial resistance similar to that of
the RND family but are also involved in biofilm formation and
protection against oxidative stress [11]. Conversely, resistance
mechanisms frequently found in other gram-negative patho-
gens, including class-specific target site mutations like gyrA and
parC against the ciprofloxacin and levofloxacin and/or Tet(A)
and Tet(B) efflux pumps against the tetracyclines, are not
common in S maltophilia [102, 103].

Although reports of increasing phenotypic resistance of S
maltophilia to TMP-SMX are sporadic and conflicting, advances
in molecular techniques have improved resistance surveillance
and identified known and novel genotypic mechanisms such as
sull, sul2, and insertion element common regions [104]. These
genes codify for dihydropteroate synthase, a key enzyme of the
nucleic acid synthesis pathway that are resistant to inhibition by
TMP-SMX. Of particular concern is the fact that these mechan-
isms appear to be mobile, increasing the probability of genetic
transference among organisms, which may impact in propor-
tion with continued use of TMP-SMX. Fortunately, sull and sul2
genes remain rare among clinical isolates (<2%), and multiple
mutations are typically necessary to induce high-level pheno-
typic resistance to sull and sul2 [99, 105]. The aforementioned

efflux pumps SmeDEF and SmeYZ have also been implicated
in resistance to TMP-SMX [106]. Levofloxacin is currently the
recommended second-line therapy for S maltophilia, although
resistance is common (up to 30%) and increasing (17% in 2003—
2008 to 29% in 2019) [107]. Consistent with the inimitable re-
sistance of S maltophilia discussed thus far, it is the only known
pathogen in which fluoroquinolone resistance is not primarily
mediated by mutations in the target site (gyrA and parC) [108].
Instead, S maltophilia possess a putative chromosomal gnr gene,
which likely protects the topoisomerase target sites from the ac-
tivity of quinolones [109]. Overexpression of the efflux pumps
smeDEF, smelJK, smeABC, and smeVWX also contributes to in-
trinsic and acquired resistance [110].

Susceptibility Testing

The challenges surrounding antimicrobial susceptibility testing
(AST) of S maltophilia are well described, especially when util-
izing commercial automated antimicrobial test (cAST) systems.
The accuracy of AST against S maltophilia can be impacted
significantly by the testing conditions including temperature,
duration of incubation, and the type of media used [111, 112].
Furthermore, manufacturer variability in methods such as disks
and gradient strips greatly impact accuracy and reproducibility.
Since there are no approved FDA breakpoints recognized for S
maltophilia other than for ceftazidime, there are no cASTs ap-
proved for performing AST against any of the group A agents.
Moreover, despite substantial changes in the susceptibility rates
since 2008, no cAST system or manual method has been re-
viewed by the FDA for its accuracy against S maltophilia since
before 2009 [113]. It is unlikely that FDA breakpoints will ever
be available given the agency’s requirement that S maltophilia
be listed in the antimicrobial’s prescribing information as
having activity both in vitro and for clinical infections, which
is not even in the label for the drug of choice, TMP-SMX [113].
Therefore, clinical microbiology laboratories are forced to apply
CLSI breakpoints to MIC values generated by these cAST sys-
tems in order to provide usable information to clinicians. Table 2
displays the antimicrobial agents with available CLSI break-
0 MIC,, and
percentage susceptible for each agent. These agents are re-

points against S maltophilia along with the MIC

commended for testing and reporting in groups that cascade
from one to another based on the presence of resistance in the
previous group. TMP-SMX, levofloxacin, and minocycline are
included in group A and therefore are recommended for rou-
tine testing and reporting of results. Ceftazidime is included in
group B and thus should only be tested if resistance is observed
to group A agents [97]. Chloramphenicol is listed in group C
and as such should not be routinely tested. Although ticarcillin-
clavulanate is included in group O, it has not been available in
the US since 2015 and therefore should not be tested [114].
Investigational CLSI breakpoints are provided for the novel
agent cefiderocol and thus it is not included in any testing/
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Table 2. Clinical and Laboratory Standards Institute Minimum Inhibitory Concentration (mg/L) Breakpoints and In Vitro Activity of Select Agents Against

Stenotrophomonas maltophilia®

Antimicrobial Susceptible Intermediate Resistant Count MIC,, MIC,, % Susceptible % Resistant
TMP-SMX® <2/38 - >4/76 2095 <0.5 1 95 5
Levofloxacin® <2 4 >8 2099 1 >4 75 15
Minocycline® <4 8 >16 1977 0.5 2 99 0.2
Ceftazidime® <8 16 >32 2098 32 >32 26 64
T/C® <16/2 32/2 to 64/2 >128/2 130 32 128 43¢ 57
Chloramphenicol® <8 16 >32 66 4 16 80 NR
Cefiderocol’ <4 8 >16 217 0.06 0.25 100 0

Abbreviations: MIC,;, minimum inhibitory concentration at which >50% isolates inhibited; MIC,,, minimum inhibitory concentration at which >90% of isolates inhibited; NR, not reported;

T/C, ticarcillin-clavulanate; TMP-SMX, trimethoprim-sulfamethoxazole.
#According to Clinical and Laboratory Standards Institute M100-S30.

®Data from United States (US) medical centers as part of the SENTRY surveillance program (JMI Laboratories, North Liberty, lowa).

°No longer commercially available in the US. Breakpoints extrapolated from Pseudomonas aeruginosa. Data from Vartivarian S, Anaissie E, Bodey G, et al. A changing pattern of susceptibility
of Xanthomonas maltophilia to antimicrobial agents: implications for therapy. Antimicrob Agents Chemother 1994; 38:624-7.

9% susceptible includes intermediate isolates as breakpoint was <64 mg/L at the time.

°Limited availability in the US. Data from Nicodemo AC, Araujo MRE, Ruiz AS, Gales AC. In vitro susceptibility of Stenotrophomonas maltophilia isolates: Comparison of disc diffusion, Etest

and agar dilution methods. J Antimicrob Chemother 2004; 53:604-8.

‘Investigational breakpoints. Data from Hackel MA, Tsuji M, Yamano Y, et al. In vitro activity of the siderophore cephalosporin, cefiderocol, against carbapenem-nonsusceptible and multidrug-
resistant isolates of gram-negative bacilli collected worldwide in 2014 to 2016. Antimicrob Agents Chemother 2018; 62:€01968-17.

reporting groups at the time of this publication. Of note, CLSI
voted to revise the cefiderocol breakpoints against S maltophilia
from susceptible at <4 mg/L to <1 mg/L and nonsusceptible at
28 mg/L to >1 mg/L in January 2021 based on available preclin-
ical and clinical data, although these proposed revised break-
points have not been approved at the time of this review. There
are also no FDA breakpoints for cefiderocol as it is not included
in the approved prescribing information.

TMP-SMX remains the mainstay of therapy for S maltophilia,
primarily due to the stably high rates of in vitro susceptibility.
Surveillance MIC testing via broth microdilution (BMD) of a
worldwide collection of >6000 isolates demonstrated 96% sus-
ceptibility to TMP-SMX that was consistent from 1997 to 2016
[115]. Two recent studies of 109 S maltophilia bloodstream iso-
lates demonstrated 290% susceptibility to TMP-SMX and ac-
ceptable performance of the MicroScan and Phoenix cASTs
along with manual gradient diffusion strips from bioMérieux
and Liofilchem [116, 117]. The Vitek 2 system did not demon-
strate acceptable performance and misclassified isolates as re-
sistant >20% of the time; however, only 9 TMP-SMX-resistant
isolates were included, so these results should be interpreted
with caution. Two previous studies evaluating the performance
of TMP-SMX on Vitek 2 against S maltophilia included 11
and 27 isolates, respectively, and demonstrated 100% essential
agreement with BMD, although only 2 resistant isolates were
included [118, 119]. Nevertheless, it is recommended to use a
second method such as a gradient diffusion strip to confirm re-
sults if TMP-SMX resistance is reported by Vitek 2 [17].

Levofloxacin is often used as a second-line agent in the setting
of resistance, contraindication, or intolerability to TMP-SMX.
Although susceptibility rates are considerably lower (75.8%)
than TMP-SMX at the current CLSI breakpoint of <2 mg/L [30],
available clinical data suggest comparable outcomes between

the agents [59, 60, 66, 74]. In the aforementioned study of cAST
performance against 109 bloodstream isolates of S maltophilia,
levofloxacin susceptibility was 70%-72% depending on the
method used. Levofloxacin demonstrated lower error rates than
TMP-SMX (Vitek 2 major error rate, 25.3% vs 2.6%) and errors
were primarily minor. Notably, utilizing a PK/PD breakpoint
of <0.5 mg/L resulted in worse performance than the current
CLSI breakpoint of 2 mg/L. Although CLSI breakpoints exist
only for levofloxacin, the activity of other fluoroquinolones has
been the subject of exploration for >20 years. Against 326 clin-
ical strains of S maltophilia, Weiss et al evaluated and compared
the in vitro activity of 7 different fluoroquinolones and found
that sparfloxacin, moxifloxacin, trovafloxacin, and clinafloxacin
had the lowest MIC,
bility, whereas ciprofloxacin and levofloxacin had the lowest at
40% and 73%, respectively [120]. Biagi et al included 41 clin-
ical isolates of S maltophilia, of which 29 were nonsusceptible

values and the highest rate of suscepti-

to levofloxacin, 26 were resistant to TMP-SMX, and 14 were
nonsusceptible to both levofloxacin and TMP-SMX [121].
Againstall 41 isolates, the MICs to delafloxacin and moxifloxacin
ranged from 0.5 to 32 mg/L and 0.125 to 16 mg/L, respectively,
while levofloxacin MICs were 0.25 to >16 mg/L. These results
were identical when tested against the 26 TMP-SMX-resistant
isolates. Moxifloxacin MICs were 21 log, dilution less than that
of levofloxacin and consistent with previous reports detailing
the improved potency of moxifloxacin over levofloxacin against
S maltophilia [27, 122]. The fluoroquinolones have also dem-
onstrated improved anti-biofilm activity against S maltophilia
compared to TMP-SMX and therefore may be preferred in cer-
tain clinical scenarios [123].

Minocycline susceptibility and agreement between methods
was also evaluated in the studies by Khan et al [116, 117].
Consistent with previous data [115, 121], minocycline was the
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most active agent with 100% of the 109 isolates testing sus-
ceptible by BMD at the current CLSI breakpoint of <4 mg/L.
The lack of inclusion of minocycline-resistant isolates did not
allow for assessment of the cAST systems to detect resistance.
In addition to demonstrating the highest rate of susceptibility,
minocycline was also the only agent to demonstrate acceptable
performance across the cAST systems tested. Global resistance
rates to minocycline are very low in S maltophilia clinical strains.
Unfortunately, minocycline cannot be tested via Vitek 2 as it
is not included on the gram-negative susceptibility cards. This
likely significantly influences its clinical use as only 10% of clin-
ical microbiology laboratories who perform AST for TMP-SMX
on S maltophilia also test minocycline, despite it being included
in group A [124]. In the aforementioned study by Biagi et al,
minocycline demonstrated the highest susceptibility (97.2%)
and lowest MIC, value (4 mg/L) of any of the 12 agents tested
[121]. Three novel tetracycline analogues were also included
in this study with tigecycline and eravacycline demonstrating
similar activity to that of minocycline, whereas omadacycline
MICs were 2- to 8-fold higher. Interestingly, there appeared to
be a correlation between levofloxacin activity and that of the
values for

50/90
eravacycline, omadacycline, and tigecycline were consistently

tetracyclines (other than minocycline). The MIC

higher against levofloxacin-nonsusceptible isolates vs those that
were levofloxacin susceptible (Figure 2). This correlation may be
due to the SmeDEF efflux pump from the RND family, which is
known to effect tetracyclines and fluoroquinolones, and a sim-
ilar cross-resistance pattern has been demonstrated in patients
with previous exposure to fluoroquinolones or TMP-SMX [125].

Although ceftazidime is included in group B per CLSI, the
activity against S maltophilia is simply too poor to recommend
it be tested for susceptibility. In the studies by Khan et al, sus-
ceptibility rates to ceftazidime were <50% and none of the au-
tomated methods demonstrated acceptable performance [116,
117]. It was also the only agent that did not meet performance

criteria for any manual method tested. Results from Flamm et
al and Biagi et al were similar with ceftazidime and ceftazidime-
avibactam susceptibilities ranging from 17% to 27% overall and
as low as 7% against strains that were TMP-SMX resistant 30,
121]. Other P-lactam agents that have demonstrated prom-
ising in vitro data against S malfophilia include aztreonam in
combination with a (-lactamase inhibitor (avibactam) and
cefiderocol. In a study by Biagi et al, the activity of aztreonam
was tested in combination with avibactam, clavulanate,
relebactam, and vaborbactam against 47 clinical S maltophilia
isolates [16]. Avibactam restored putative aztreonam suscepti-
bility in 98% of aztreonam-resistant isolates compared to 61%,
71%, and 15% with clavulanate, relebactam, and vaborbactam.
After an aztreonam-avibactam-resistant (MIC 16 mg/L) isolate
was discovered for the first time in this study, the underlying
mechanisms were investigated via whole genome sequencing
and quantitative reverse-transcription polymerase chain reac-
tion. Significantly higher expression levels of SmeA and L1 were
demonstrated in this strain compared to the strains with MICs
of 2 mg/L and 0.5 mg/L as displayed in Figure 3. Conversely,
the isolate with an MIC of 2 mg/L showed elevated expression
of L2 compared to the other 2 strains. These results under-
score the contribution of efflux pumps to B-lactamase expres-
sion and antimicrobial resistance among S maltophilia, even
for cell wall-active agents. Cefiderocol is a novel siderophore
cephalosporin agent with potent activity against S maltophilia.
In a third study by Biagi et al, cefiderocol MICs were tested
against 37 isolates of S maltophilia along with ceftazidime and
minocycline [37]. Cefiderocol demonstrated the lowest MIC
values (<0.03-1 mg/L) and the highest susceptibility (100%)
even compared to minocycline (0.125-8 mg/L, 97.3%). These
results are comparable to previous studies of cefiderocol in-
cluding roughly 1000 isolates of S maltophilia demonstrating
MIC,, values of 0.12-0.5 mg/L and 100% susceptibility regard-
less of resistance to other agents [126, 127].
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Figure 2. Minimum inhibitory concentration (MIC) values for eravacycline,
omadacycline, minocycline, and tigecycline.
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Figure 3. Expression levels of SmeA and L1. Bars represent mean + SD values
from 3 independent experiments in triplicate.
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Until more data are available and/or additional breakpoints
are revised, manual testing via gradient diffusion strips is the
optimal testing strategy for S maltophilia [117]. The limitations
of MIC testing by cASTs should be discussed with institutional
antimicrobial stewardship programs and infectious diseases
clinicians so that awareness of the limitations of such testing is
incorporated into treatment decisions. Moreover, improved co-
ordination between standards agencies is critical including FDA
recognition of clinical breakpoints to allow for improvements
to be made to cASTs so clinical laboratories can better guide
treatment decisions. Given the unreliability of current MIC
testing methods, the antiquated or absent clinical breakpoints,
and dearth of high-quality clinical data available, treatment de-
cisions should rely heavily on our knowledge of patient-specific
PK/PD parameters and precision dosing.

DISCUSSION

Stenotrophomonas maltophilia is an enigmatic pathogen that
presents challenges to all facets of the diagnostic, microbiolog-
ical, and therapeutic processes. The increasing prevalence of
S maltophilia over the last 2 decades has forced clinicians and
scientists to reexamine its true pathogenicity along with the
methods used to identify, perform susceptibility testing, and
treat this formidable organism. The ability of S maltophilia to
survive for long periods on fomites and form biofilms on abi-
otic and biotic surfaces contributes to its nosocomial prevalence
and challenges infection control programs. Moreover, the am-
biguity between colonization and infection and the common
polymicrobial presentation of S maltophilia, especially among
immunocompromised hosts, leads to delays in appropriate
antimicrobial therapy in those with true infection and contrib-
utes to the overuse and misuse of antibiotics in those without.
In addition, its vast amount of intrinsic and acquired mechan-
isms of resistance severely limits the number of available treat-
ment options.

Currently, gradient diffusion methods are recommended for
susceptibility testing against S maltophilia up front (for agents
like minocycline that are not included on Vitek 2 panels) or to
confirm results provided by cAST systems. Among agents with
available CLSI breakpoints, minocycline consistently dem-
onstrates the highest rates of in vitro susceptibility, followed
by TMP-SMX then levofloxacin. The novel cephalosporin
cefiderocol has demonstrated potent in vitro and in vivo ac-
tivity and approved breakpoints are expected from CLSI
in January 2022. Similarly, aztreonam in combination with
ceftazidime-avibactam demonstrates reliable in vitro activity,
although no breakpoints exist and clinical data are scarce. In
vitro PK/PD demonstrate that although monotherapy is rarely
bactericidal against S maltophilia despite susceptible MICs,
combination therapy does not appear to significantly improve
the antibacterial activity. If combination therapy is desired,

the most synergistic regimens are TMP-SMX or a fluoroquin-
olone (selected based on MIC) with a B-lactam. Limited PK/
PD data available suggest that minocycline, especially at a
dose of 200 mg twice daily, provides the highest probability of
target attainment across its MIC distribution. The majority of
emerging clinical data suggest that monotherapy with TMP-
SMX, levofloxacin, or minocycline results in comparable
outcomes, although TMP-SMX may lead to more ADEs and
levofloxacin may be associated with resistance development.
While combination therapy with 2 or more of the aforemen-
tioned agents is reasonable due to the complex resistance of
S maltophilia and the suboptimal mortality rates observed
with monotherapy, not enough data currently exist to rou-
tinely recommend this approach nor a specific combination
regimen. Despite the dearth of supporting data, combination
therapy with TMP-SMX and minocycline is endorsed in the
recent IDSA guidance document for moderate to serious S
maltophilia infections, while the preferred monotherapy re-
gimens for mild infections are TMP-SMX and high-dose
minocycline.

Future directions necessary to adequately combat this
pathogen including a deeper understanding of the un-
derlying genotypic resistome responsible for its resistant
phenotype. An increased number of rapid diagnostic plat-
forms able to identify S maltophilia are desperately needed
to ensure timely effective antimicrobial therapy along with
improved microbiological methods capable of providing
reliable susceptibility information. Additional PK/PD data
utilizing modern, advanced in vitro and in vivo methods
will be crucial to setting and revising clinical breakpoints,
associating MICs with clinical outcomes, and defining the
therapeutic window of current and future treatment options,
especially those with significant toxicodynamic concerns.
Critically, more rigorous clinical outcomes studies will be es-
sential to identifying the optimal therapeutic approach for S
maltophilia infections and hopefully lead to an established
standard of care for this pathogen. Finally, a greater focus on
S maltophilia from antimicrobial stewardship programs will
improve patient outcomes and reduce the healthcare burden
associated with this pathogen.
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