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ABSTRACT Stenotrophomonas maltophilia is an emerging cause of serious infections
with high associated mortality in immunocompromised patients. Treatment of S.
maltophilia infections is complicated by intrinsic resistance to many antimicrobials,
including carbapenems, aminoglycosides, and some cephalosporins. Despite this,
.90% of isolates are susceptible to trimethoprim-sulfamethoxazole (SXT), which is
the front-line therapy for this organism. Side effects of SXT include bone marrow
suppression, which precludes its use for many neutropenic patients. In this popula-
tion, levofloxacin (LEV), minocycline (MIN), ceftazidime (CAZ), ciprofloxacin (CIP), and
tigecycline (TIG) are used as alternative therapies, all of which require testing to
inform susceptibilities. The reference standard method for testing S. maltophilia is
broth microdilution (BMD), but very few clinical laboratories perform reference BMD.
Furthermore, interpretive criteria are not available for CIP or TIG for S. maltophilia,
although generic pharmacokinetic/pharmacodynamic (PK/PD) MIC breakpoints are
available for these drugs. We assessed performance of disk and gradient diffusion
tests relative to BMD for 109 contemporary isolates of S. maltophilia. Categorical
agreement values for SXT, LEV, and MIN disk diffusion were 93%, 89%, and 95%,
respectively. Categorical agreement values for SXT, LEV, MIN, and CAZ gradient strips
were 98%, 85%, 93%, and 71%, respectively, by Etest (bioMerieux) and 98%, 83%,
99%, and 73% by the MIC test strip (MTS; Liofilchem). CIP and TGC, two clinically val-
uable alternatives to SXT, did not demonstrate promising disk-to-MIC correlates
using CLSI document M100-ED30 (Clinical and Laboratory Standards Institute,
Performance Standards for Antimicrobial Susceptibility Testing, M100-ED30, 2020) P.
aeruginosa or PK/PD breakpoints. Manual commercial tests perform well for S. malto-
philia, with the exception of tests for LEV and CAZ, for which high error rates were
observed.
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S tenotrophomonas maltophilia is a Gram-negative, opportunistic, multidrug-resist-
ant bacterium that can cause severe nosocomial infections in immunocompro-

mised hosts (1). Infections caused by S. maltophilia can be associated with high
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mortality rates (;70%), particularly in patients who are critically ill, are receiving
broad-spectrum antimicrobial therapy, have hematological malignancies, or have pro-
longed neutropenia (2, 3). Limited therapeutic options are available for the treatment
of S. maltophilia, due to intrinsic resistance of this organism to penicillins, most cepha-
losporins and b-lactam combination agents, carbapenems, and aminoglycosides (4).
Trimethoprim-sulfamethoxazole (SXT) is the front-line treatment for S. maltophilia
infections, and .90% of isolates remain susceptible to this antimicrobial (5). However,
SXT is associated with myelosuppression, markedly limiting its use in neutropenic
patients, particularly those with hematological malignancies. In the United States, can-
cer centers rely on alternative therapeutic options such as minocycline (MIN), levofloxa-
cin (LEV), ciprofloxacin (CIP), ceftazidime (CAZ), or tigecycline (TGC) to treat neutro-
penic patients with S. maltophilia infections (4).

In 2009, the U.S. Food and Drug Administration (FDA) discontinued the clearance
of antimicrobial susceptibility testing (AST) devices using Clinical and Laboratory
Standards Institute (CLSI) breakpoints. As there are no FDA-recognized S. maltophilia
breakpoints, FDA clearance of commercial AST devices for this organism is no longer
possible. Thus, laboratories in the United States perform AST on S. maltophilia isolates
using commercial systems that were cleared by the FDA prior to 2009 (6) or off-label
for devices cleared by FDA after 2009. Manual methods, such as disk diffusion or gradi-
ent diffusion, are also used, although these too have not been evaluated by the FDA
since 2008. Consequently, there are limited data available on the accuracy of these
methods for testing contemporary isolates of S. maltophilia. Susceptibility rates for S.
maltophilia have changed substantially since 2008. Isolates collected at U.S. centers
between 2002 and 2005, directly prior to CLSI breakpoints being established and the
last FDA clearances of devices with CLSI breakpoints, were more often susceptible to
CAZ (49.1%) and LEV (86.5%) than contemporary isolates. The ability of devices to
detect emerging resistance in S. maltophilia is unknown. Similarly, the degree to which
disk tests correlate with MIC values obtained by broth microdilution (BMD) have not
been assessed since the CLSI first established disk breakpoints in 2007. One survey of
susceptibility data for S. maltophilia in Los Angeles County demonstrated that labora-
tory-reported SXT susceptibility rates ranged from 64 to 100% across institutions which
performed commercial AST (7). It is unclear if this represents inaccuracies in AST results
or true resistance, but testing issues are likely, as no studies have documented such
high SXT resistance rates by reference methods as were seen in that study.

Recent data published on U.S. isolates of S. maltophilia (2014 to 2018) highlight the
need for reliable and accurate testing to inform therapeutic choices for S. maltophilia.
Only 26.8% of isolates were susceptible to CAZ, 75.8% to LEV, 99.5% to MIN, and
94.6% to SXT (8). AST results for S. maltophilia can be interpreted using CLSI-defined
MIC breakpoints for CAZ, LEV, MIN, SXT, ticarcillin-clavulanic acid, and chlorampheni-
col. CLSI also publishes disk breakpoints, but only for SXT, MIN, and LEV. These were
established in 2007 (9). In 2020, CLSI further defined investigational MIC and disk
breakpoints for cefiderocol (10). In contrast to CLSI, the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) defines MIC and disk breakpoints for SXT
alone and the FDA does not recognize any clinical breakpoints for S. maltophilia. For
some agents used to treat S. maltophilia (e.g., CIP and TGC), there are no clinical break-
points. To aid with this type of situation, EUCAST has defined a variety of organism-
agnostic pharmacokinetic/pharmacodynamic (PK/PD) breakpoints, including for CIP
and TGC. PK/PD breakpoints relate expected antimicrobial exposure at a given dose to
the MIC, using PK/PD indices (e.g., area under the concentration curve to MIC ratio for
CIP) that relate to patient response for other organisms (11). These PK/PD breakpoints
can be used when there are no species-specific breakpoints for a given antimicrobial
agent, as a loose interpretation of susceptibility and resistance, but are only available
as MIC interpretations, as disk correlates must be established for each species tested.

In this study, we aimed to address the gap in contemporary AST data for S. malto-
philia by assessing the accuracy of disk and gradient diffusion methods compared to
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reference BMD against contemporary bloodstream isolates of S. maltophilia, recovered
between 2015 to 2019, for CAZ, LEV, MIN, and SXT. In addition, disk-to-MIC correlates
were evaluated for CIP and TGC against EUCAST PK/PD breakpoints.

RESULTS
MIC distributions. A total of 110 S. maltophilia bloodstream isolates were tested.

One isolate was eliminated due to lack of growth in multiple attempts of BMD. Thus,
109 isolates were tested against six antimicrobials, including SXT, LEV, MIN, CAZ, CIP,
and TGC. Breakpoints applied to the various agents are listed in Table 1. The most
active compound tested against the isolates was MIN (MIC50/MIC90, #0.5/2mg/ml
[100% susceptible]), followed by SXT (MIC50/MIC90, 0.5/2mg/ml [90% susceptible]), LEV
(MIC50/MIC90, 1/8mg/ml [72% susceptible]), and CAZ (MIC50/MIC90, 16/$128mg/ml
[50% susceptible]), when using CLSI breakpoints (Fig. 1). The MIC50/MIC90 values for the
agents without CLSI breakpoints were as follows: CIP, 2/32mg/ml, and TGC, 1/4mg/ml
(Fig. 1). When using EUCAST PK/PD breakpoints, susceptibility rates for CIP and TGC

TABLE 1MIC and disk breakpoints used in this studya

Antimicrobial (breakpoint source)

MIC breakpoint
(mg/ml) Disk breakpoint (mm)

S I R S I R
SXT (CLSI document M100 S30) #2 $4 $16 11–15 #10
LEV (CLSI document M100 S30) #2 4 $8 $17 14–16 #13
LEV P. aeruginosa (CLSI document M100 S30) #1 2 $4
MIN (CLSI document M100 S30) #4 8 $16 $19 15–18 #14
CAZ (CLSI document M100 S30) #8 16 $32
CIP (EUCAST PK/PD) #0.25 .0.5
CIP P. aeruginosa (CLSI document M100 S30) #0.5 1 $2
LEV (EUCAST PK/PD) #0.5 .1
TGC (EUCAST PK/PD) #0.5 .0.5
aS, susceptible; I, intermediate; R, resistant.

FIG 1 MIC distribution of the six most common antimicrobials against S. maltophilia, determined by broth microdilution.
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FIG 2 Scattergram distribution of S. maltophilia isolates according to SXT, LEV, and MIN MIC values determined by BMD and disk diffusion zones
following existing CLSI document M100 MIC and zone diameter breakpoints (red shading).
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were 5% and 54%, respectively. CIP PK/PD breakpoints are substantially lower than LEV
breakpoints (Table 1), and when LEV was evaluated using the PK/PD breakpoints, 37%
of isolates were considered susceptible.

Performance of disk diffusion. The agreement between disk diffusion and BMD
was assessed using methods described in CLSI document M23 (12). Figure 2 shows the
performance of the SXT, LEV, and MIN disk diffusion tests compared to the BMD MICs.
Of note, CAZ disk was not evaluated, as there are no CLSI disk breakpoints for this
drug. SXT, LEV, and MIN susceptibility testing by disk diffusion was associated with cat-
egorical agreement (CA) values of 93%, 89%, and 95%, respectively (Table 2). Initial
testing for SXT revealed four major errors (MEs), 3 of which were resolved upon repeat
testing, yielding 1 ME, 8 minor errors (MIs), and no very major errors (VMEs) (Table 2).
MIs were largely due to the disk diffusion yielding an intermediate result when BMD
categorized them as susceptible (n=7) (Table 2). All 7 isolates had an MIC value of
2mg/ml, which abuts the susceptible breakpoint of #2mg/ml. One isolate was inter-
mediate by disk diffusion but resistant by BMD.

Initial testing for LEV revealed 1 VME and 1 ME, both of which were resolved in
repeat testing, and 12 MIs (Table 2). Seven of the MIs were for isolates that tested inter-
mediate by disk diffusion but susceptible by BMD, two were due to an intermediate
BMD result and a susceptible disk diffusion result, and three were due to an intermedi-
ate BMD result and resistant disk diffusion result. Initial testing for MIN revealed 1 ME,
which was resolved in repeat testing, 5 MIs, and no VMEs (Table 2). All of MIs were in-
termediate by disk diffusion but susceptible by BMD.

TABLE 2 Overall performance of disk diffusion compared to BMD for 109 S. maltophilia bloodstream isolatesa

Antimicrobial,
breakpoint
source

No./total (%)

Overall CA

VME ME MI

Total
‡R+ 1 or
‡I+ 2

R+ S or
I±1 Total

£S2 1 or
£I2 2

S+R or
I±1 Total

‡R+ 1 or
‡I+ 2

S+R or
I±1

£S2 1 or
£I2 2

SXT, S.
maltophilia
M100

101/109 (93) 0/10 (0) 0/9 (0) 0/23 (0) 1/100 (1) 0/77 (0) 1/23 (4) 8/109 (7) 0/9 (0) 7/23 (30) 1/77 (1)

LEV, S.
maltophilia
M100

97/109 (89) 0/22 (0) 0/9 (0) 0/40 (0) 0/78 (0) 0/60 (0) 0/40 (0) 12/109 (11) 0/9 (0) 12/40 (30) 0/60 (0)

MIN, S.
maltophilia
M100

104/109 (95) 0/0 (0) 0/0 (0) 0/4 (0) 0/109 (0) 0/105 (0) 0/4 (0) 5/109 (5) 0/0 (0) 1/4 (25) 4/105 (4)

CAZ, * S.
maltophilia
M100

83/109 (76) 4/44 (9) 2/34 (6) 2/35 (6) 7/54 (13) 5/40 (13) 2/35 (6) 15/109 (14) 0/34 (0) 14/35 (40) 1/40 (3)

LEV, * P.
aeruginosa
M100

91/109 (83) 3/31 (10) 0/31 (0) 3/78 (4) 0/60 (0) 0/31 (0) 0/78 (0) 15/109 (14) 0/21 (0) 15/78 (19) 0/10 (0)

LEV,* EUCAST
PK/PD

96/109 (88) 10/69 (14) 3/40 (8)

CIP,* EUCAST
PK/PD

86/109 (79) 22/105 (21) 1/4 (25)

CIP, * P.
aeruginosa
M100

78/109 (72) 15/69 (22) 6/69 (9) 9/40 (23) 1/40 (3) 0/69 (0) 1/40 (3) 15/109 (14) 0/51 (0) 14/40 (35) 1/18 (6)

TGC, * EUCAST
PK/PD

79/109 (73) 3/50 (6) 27/59 (46)

aSXT, MIN, and LEV evaluations are based on existing CLSI M100 breakpoints for S. maltophilia. CAZ, LEV, CIP, and TGC evaluations indicated by an asterisk (*) are based on
disk-to-MIC correlates and zone diameter breakpoints generated by dBETS software using either M100 S. maltophiliaMIC breakpoints, CLSI P. aeruginosaMIC breakpoints,
or EUCAST PK/PD breakpoints as indicated. Categorical agreement (CA), very major errors (VMEs), major errors (MEs), and minor errors (MIs) calculated. Errors rates for
antimicrobials with no intermediate MIC category parsed as follows:$R + 1, MIC greater than or equal to 1 doubling dilution of the resistant breakpoint; R + S, MIC at
susceptible or resistant breakpoint; and#S2 1, MIC less than or equal to 1 doubling dilution of the susceptible breakpoint. Errors rates for antimicrobials with
intermediate MIC category parsed as follows:$I + 2, MIC greater than or equal to 2 doubling dilutions of the intermediate breakpoint; I6 1, MIC plus or minus 1 doubling
dilution of the intermediate breakpoint; and#I2 2, MIC less than or equal to 2 doubling dilutions of the intermediate breakpoint.
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MIC-to-disk correlates. The scattergrams of MIC-to-disk data show that existing
SXT, MIN, and LEV disk breakpoints are a good fit (Fig. 2; Table 2). S. maltophilia CLSI
breakpoints are based on the 2007 Pseudomonas aeruginosa breakpoints, which have
since been updated by the FDA, CLSI, and EUCAST. There are, however, no CLSI disk
breakpoints for CAZ, CIP, or TGC, and the LEV breakpoints likely need revision to be
more consistent with PK/PD data. Thus, we evaluated disk-to-MIC correlates using CAZ
MIC breakpoints from CLSI document M100 (susceptible, #8mg/ml), EUCAST PK/PD
breakpoints for TGC (susceptible, #0.5mg/ml), and EUCAST PK/PD breakpoints or CLSI
document M100 P. aeruginosa breakpoints for CIP (susceptible, #0.25 or#0.5 or mg/
ml) and LEV (susceptible, #0.5 or#1mg/ml). Best-fit disk breakpoints were generated
using the open-access diffusion Breakpoint Estimation Testing Software (dBETS) with
the error rate-bound method. CAZ disk breakpoints defined by dBETS were$24mm
for susceptibility and#14mm for resistance (Fig. 3). These breakpoints yielded an
overall CA of 76% (83/109) with 4 VMEs, 7 MEs, and 15 MIs. Of these, 2 VMEs (6%), 2
MEs (6%), and 14 MIs (40%) were within 1 doubling dilution of the intermediate MIC
breakpoint (Fig. 3). The LEV disk susceptibility breakpoint that best fit to the EUCAST
PK/PD breakpoint was$27mm and yielded a CA of 88% (96/109) with 10 VMEs (14%)
and 3 MEs (8%) (Fig. 4A). LEV disk breakpoints that best fit to CLSI P. aeruginosa MIC
breakpoints were$28mm for susceptibility and#22mm for resistance (Fig. 4B). These
yielded a CA of 83% (91/109) with 3 VMEs (4%), 0 MEs, and 15 MIs (19%). All LEV MIs
were for isolates with an MIC within 1 doubling dilution of the intermediate MIC break-
point (Fig. 4B). Therefore, disk diffusion had acceptable performance for LEV with CLSI
P. aeruginosa MIC breakpoints, but acceptable disk correlates could not be determined
(outlined in Table S1 in the supplemental material) for CAZ or for LEV with EUCAST PK/
PD breakpoints (outlined in Table 1).

The CIP disk susceptibility breakpoint that best fit to the EUCAST PK/PD breakpoint
was$30mm and yielded a CA of 79% (86/109) with 22 VMEs (21%) and 1 ME (25%)
(Fig. 5A). CIP disk breakpoints that best fit to CLSI P. aeruginosa MIC breakpoints
were$29mm for susceptibility and#26mm for resistance (Fig. 5B). These breakpoints
yielded an overall CA of 72% (78/109) with 15 VMEs, 1 ME, and 15 MIs. Of these, 9
VMEs (23%), 1 ME (3%), and 14 MIs (35%) fell within the 1-doubling-dilution range of
the intermediate breakpoint (Fig. 5B). TGC disk breakpoints that best fit to EUCAST
PK/PD breakpoints were$26mm for susceptibility and#25mm for resistance (Fig. 6).

FIG 3 Estimation of CAZ disk diffusion breakpoints for S. maltophilia with dBETS software using error rate-bound method using CAZ MIC breakpoints from
CLSI document M100 (red shading). Shown is the distribution of 109 isolates according to MIC and zone diameter values, with errors indicated.
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These breakpoints yielded a CA of 73% (79/109) with 3 VMEs (6%) and 27 MEs (46%).
Therefore, disk diffusion did not have acceptable performance for CIP and TGC by the
error rate-bound method (Table S1).

Gradient strip performance. The performances of two brands of gradient strips
were evaluated against BMD (Table 3). CLSI document M100 breakpoints were used for
SXT, MIN, LEV, and CAZ, while EUCAST PK/PD breakpoints were used for CIP and TGC
(Table 1). Etest performance met overall acceptance criteria for SXT, MIN, and LEV
(Table 3). Overall values for CA with Etest for SXT, MIN, LEV, and CAZ were 98%, 93%,
85%, and 71%, respectively (Table 3). Etest for SXT yielded 1 VME within the acceptable
error range for an isolate with an MIC at the breakpoint (4mg/ml) by BMD. All SXT MEs
were resolved with repeat testing. Etest for LEV yielded 0 VMEs, 17 MIs, and 5 MEs, 3 of
which were resolved upon repeat testing. One ME was within 1 doubling dilution of
the intermediate MIC breakpoint (Table 3). The majority of the MIs (15/17) were within
1 doubling dilution of the intermediate breakpoint, while 2 had MICs lower than 2 dou-
bling dilutions of the intermediate breakpoint, yielding results that were close to the

FIG 4 Estimation of LEV disk diffusion breakpoints for S. maltophilia with dBETS software using the error rate-bound method
using EUCAST PK/PD breakpoints (A) or CLSI document M100 P. aeruginosa breakpoints (red shading) (B). Shown is the
distribution of 109 isolates according to MIC and zone diameter values, with errors indicated.
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acceptance range (3%) (Table 3). The LEV Etest yielded a more resistant result for 16 of
the 17 MIs, calling 9 isolates as intermediate when they had a BMD at the susceptible
breakpoint (2mg/ml) (Table S2). Seven of the MIs were called resistant by the LEV Etest
when they had a BMD MIC at the intermediate breakpoint (4mg/ml) (Table 3).

Initial testing for MIN yielded 1 ME, which was resolved with repeat testing, 0 VME,
and 8 MIs. All MI were intermediate by Etest but susceptible by BMD (Table S2). The
CAZ Etest strip yielded 4 VMEs, 4 MEs, and 15 MIs, none of which resolved on repeat
testing. Of these, 3 VMEs (9%), 1 ME (3%), and 14 MIs (40%) were within 1 doubling
dilution of the intermediate breakpoint (Table 3). Three MEs were isolates with an MIC
lower than 1 doubling dilution of the intermediate breakpoint (Table 3).

The MIC test strip (MTS; Liofilchem, Roseto degli Abruzzi, Italy) performance met
the acceptance criteria for SXT, LEV, and MIN (Table 3). Values for CA with MTS for SXT,
MIN, LEV, and CAZ were 98%, 99%, 83%, and 73%, respectively. Initial testing with SXT

FIG 5 Estimation of CIP disk diffusion breakpoints for S. maltophilia with dBETS software using the error rate-bound method using
EUCAST PK/PD breakpoints (A) or CLSI document M100 P. aeruginosa breakpoints (red shading) (B). Shown is the distribution of 109
isolates according to MIC and zone diameter values, with errors indicated.
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yielded 1 ME, which resolved with repeat testing, and 1 VME and 1 MI, which were
both within 1 doubling dilution of the intermediate breakpoint MIC (error rates of 4%)
(Table 3). The MIN MTS yielded 1 MI and no VMEs or MEs. The LEV MTS yielded 1 VME,
16 MIs, and 0 MEs (Table 3). Thirteen of the LEV MIs were within 1 doubling dilution of
the intermediate breakpoint MIC. Eight MIs were susceptible by BMD and intermediate
by MTS, 3 were resistant by BMD and intermediate by MTS, 2 were intermediate by

FIG 6 Estimation of TGC disk diffusion breakpoints for S. maltophilia with dBETS software using the error rate-bound method using EUCAST PK/PD
breakpoints. Shown is the distribution of 109 isolates according to MIC and zone diameter values, with errors indicated.

TABLE 3 Overall performance of Etest and MTS compared to BMD for 109 S. maltophilia bloodstream isolatesa

Antimicrobial
Isolate
group n

No. (%) with indicated value

Etest MTS

CA VME ME MI CA VME ME MI
SXT Overall 109 107 (98) 1 (9) 0 (0) 0 (0) 107 (98) 1 (9) 0 (0) 109 (0.9)

$R1 1 9 0 NA 0 0 NA 0
R1 S 23 1 (4) 0 0 1 (4) 0 1 (4)
#S2 1 77 NA 0 0 NA 0 0

LEV Overall 109 93 (85) 4 (9) 4 (7) 17 (16) 90 (83) 1 (5) 0 (0) 16 (15)
$R1 2 9 0 NA 0 0 NA 0
I6 1 40 0 1 (3) 15 (38) 1 (3) 0 14 (35)
#I2 2 60 NA 1 (2) 2 (3) NA 0 2 (3)

MIN Overall 101 (93) 0 (0) 0 (0) 0 (0) 108 (99) 0/0 (0) 0 (0) 0 (0)
$R1 2 0 0 NA 0 0 NA 0
I6 1 4 0 0 0 0 0 0
#I2 2 105 NA 0 8 (8) NA 0 1 (1)

CAZ Overall 109 77 (71) 13 (30) 3 (6) 16 (15) 90 (73) 4 (9) 7 (13) 19 (17)
$R1 2 34 1 (3) NA 0 1 (3) 0 2 (6)
I6 1 35 3 (9) 1 (3) 14 (40) 3 (9) 1 (3) 14 (40)
#I2 2 40 NA 3 (8) 1 (3) NA 6 (15) 3 (8)

CIP (PK/PD) 109 90 (83) 0 (0) 2 (50) 17 (15) 86 (76) 2 (2) 0 (0) 21 (19)
TGC (PK/PD) 109 60 (55) 1 (2) 48 (80) 65 (60) 5 (10) 30 (65)
aCLSI breakpoints (M100) and EUCAST PK/PD breakpoints used to interpret MIC results as indicated. Categorical agreement (CA), very major errors (VMEs), major errors
(MEs), and minor errors (MIs) were calculated. Errors rates for antimicrobials with no intermediate MIC category parsed as follows:$R1 1, MIC greater than or equal to 1
doubling dilution of the resistant breakpoint; R1 S, MIC at susceptible or resistant breakpoint; and#S2 1, MIC less than or equal to 1 doubling dilution of the susceptible
breakpoint. Errors rates for antimicrobials with intermediate MIC category parsed as follows:$I1 2, MIC greater than or equal to 2 doubling dilutions of the intermediate
breakpoint; I6 1, MIC plus or minus 1 doubling dilution of the intermediate breakpoint; and#I2 2, MIC less than or equal to 2 doubling dilutions of the intermediate
breakpoint. NA, not applicable.
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BMD and resistant by MTS, and 3 were intermediate by BMD and susceptible by MTS
(Table S2). Twelve out of 16 MIs had MICs within essential agreement between BMD
and MTS.

CAZ MTS did not have an acceptable performance (73% CA) and yielded 4 VMEs, 7
MEs, and 19 MIs (Table 3). Six of the MEs were MICs lower than 1 doubling dilution
from the intermediate breakpoint (15% error rate), which fell outside the acceptable
performance criteria (Table 3).

DISCUSSION

Evaluating S. maltophilia for antimicrobial susceptibility is challenging, due to an ab-
sence of tests and breakpoints for clinically valuable agents. Clinical microbiology laborato-
ries typically rely on commercial methods, including disk and gradient diffusion, and gen-
erally test only SXT, LEV, and CAZ. These agents have CLSI breakpoints and are
recommended for routine testing by CLSI (13). However, SENTRY studies have reported
LEV and CAZ resistances as high as 22% and 63%, respectively (4), leaving clinicians few
therapeutic options to treat severe infections, particularly in immunocompromised
patients. The most active agent against our cohort of S. maltophilia bloodstream isolates
was MIN, with 100% of the isolates categorized as susceptible, followed by SXT and LEV
according to the CLSI document M100 breakpoints (Table 1; Fig. 1). Thus, clinical laborato-
ries should strongly consider testing for MIN. Previous studies have also reported high
rates of susceptibility of S. maltophilia isolates to MIN across geographic regions (8).

Few data exist regarding the performance of AST for S. maltophilia. The FDA has
not recognized any breakpoints for this organism, meaning that no commercial AST
devices can achieve FDA clearance for S. maltophilia. Disk diffusion is one testing
option, but disk breakpoints were established in 2007. The present study confirms that
these breakpoints remain relevant for contemporary S. maltophilia (Table 2). Similarly,
both brands of gradient strips (Etest and MTS) had acceptable performance for SXT,
MIN, and LEV (Table 3; Table S2). Thus, any of these manual testing methods could be
used reliably for all three agents. Laboratories should be cognizant of MIs when using
disk diffusion for SXT and LEV or gradient strips for LEV. The majority of the MIs occur
at or near the breakpoints, so laboratories may consider confirming results for isolates
with MICs or disk results that abut the breakpoint.

In contrast, no test performed well for CAZ. The data presented here confirm that CAZ
disk diffusion should not be performed, and Etest and MTS also do not yield reliable
results. Additionally, 50% or 37% of the contemporary isolates in our study were suscepti-
ble to CAZ using CLSI or EUCAST PK/PD breakpoints, respectively. Given the even lower
susceptibility rates observed in the recent SENTRY study (i.e., 23%), testing of this agent
may no longer be relevant since it does not have high efficacy against S. maltophilia.

CIP and TGC, two agents that are used clinically for S. maltophilia, did not demonstrate
promising disk-to-MIC correlates using CLSI document M100 P. aeruginosa or PK/PD break-
points (Fig. 5 and 6). Of note, CLSI, EUCAST, and FDA have updated LEV and CIP break-
points for Enterobacterales and Pseudomonas aeruginosa, based predominantly on PK/PD
data (10, 14, 15). S. maltophilia breakpoints, which were originally based on those of P. aer-
uginosa, were not updated at this time. As such, it is probable that the more appropriate
breakpoint to use for the fluoroquinolones is a PK/PD one (as listed in Table 1). Disk corre-
lates for LEV and a P. aeruginosa breakpoint of #1mg/ml were evaluated and provide an
alternative option for assessing susceptibility.

The limitations of this study are that we involved only one testing center, and one
brand of disks and Mueller-Hinton agar (MHA) were used. The large number of off-
scale MICs was a major limitation that prevented assessment of essential agreement.
However, the CA is a more reliable indication of accuracy for our study and provides
more clinically valuable information overall for S. maltophilia, since the precise MIC
value is not generally used to inform dosing regimens for this organism. Additionally,
the EUCAST SXT breakpoint is very low (,0.001mg/ml), which makes it impossible to
categorize isolates with BMD MICs of,670.25mg/ml as susceptible or resistant, as the
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breakpoint is off-scale. Lastly, we did not evaluate the performance of eravacycline and
cefiderocol against S. maltophilia in our study.

In summary, we show that disk diffusion and gradient strips perform reasonably
well with the CLSI breakpoints for MIN, SXT, and LEV, which were the most active
agents against our S. maltophilia isolates. CIP and TGC are viable alternative agents,
though the disk-to-MIC correlates were unreliable.

MATERIALS ANDMETHODS
Bacterial strains. A total of 110 isolates of S. maltophilia were recovered from clinical blood cultures

spanning 2015 to 2019 with the following susceptibility patterns included: 10 isolates resistant to SXT,
;30% resistant to CAZ, and ;20% resistant to LEV, to cover a wider range of MICs. Isolates were
selected based on results of testing by the clinical laboratories at the time of their isolation. The majority
of isolates came from MD Anderson Cancer Center, followed by University of California, Los Angeles,
and Children’s Hospital of Los Angeles. A total of 109 isolates were included in this study, with 1 dis-
carded due to the lack of growth on AST media. Prior to testing, frozen isolates were subcultured twice,
and fresh isolates were subcultured once, on tryptic soy agar with 5% sheep blood (BAP; BD, Sparks,
MD). Quality control (QC) strains tested with each run included Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853.

Antimicrobial susceptibility testing. Each isolate was tested in a single replicate concurrently by
BMD and disk diffusion at University of Texas Health Science Center (UTHealth). Etest and MIC test
strip (MTS) were concurrently run at MD Anderson Cancer Center. A suspension equivalent to that of a
0.5 McFarland standard was prepared using 3 to 5 isolated colonies from a single plate. Testing by
BMD, disk diffusion, and gradient strip assays was performed according to CLSI standards and manu-
facturers’ instructions, using custom reference BMD panels prepared by Accelerate Diagnostics follow-
ing CLSI protocols and disks from BD and gradient strips from bioMerieux (Etest; Durham, NC) and
Liofilchem (MTS; Roseto degli Abruzzi, Italy) placed on Mueller-Hinton agar (MHA; BD) (10). BMD pan-
els and plates with disks or strips were incubated in ambient air at 35°C 6 2°C and read after 20 to
24 h of incubation.

Data analysis. Disk and gradient diffusion results were compared to BMD results as the gold standard.
Categorical agreement (CA), major errors (ME), very major errors (VME), and minor errors (MIs) were eval-
uated using the error rate-bound method and criteria listed in Table S1. CA was defined as the agreement of
interpretive results between the method under evaluation and BMD using CLSI or EUCAST breakpoints.
Discrepancies between the method under evaluation and BMD were categorized as follows: VME, false-sus-
ceptible result for an isolate resistant by BMD; ME, false-resistant result for an isolate susceptible by BMD;
and MI, a discrepancy between the test and reference methods involving an intermediate result. All CLSI and
EUCAST PK/PD breakpoints that were used to categorize isolates are listed in Table 1.

Disk diffusion breakpoint estimates for CAZ, CIP, and TGC were generated using disk-to-MIC corre-
lates on the diffusion Breakpoint Estimation Testing Software (dBETS; version 1.5) (16). The ideal error
rate criteria (outlined in Table S1) when using CLSI document M100 breakpoints to determine VME, ME,
and MI within 1 doubling dilution of the intermediate breakpoint were ,10%, ,10%, and ,40%,
respectively, and the criteria outside 1 doubling dilution of the intermediate breakpoint were ,2%,
,2%, and ,5%. The standard error rate criteria when using EUCAST PK/PD breakpoints to determine
VME, ME, and MI were ,3%,,3%, and #10%.

Discrepancy testing. Isolates with a VME or ME by any method were retested in parallel using BMD,
disk diffusion, Etest, and MTS, along with an equal number of concordant isolates and the single isolate
with growth failure. QC strains tested with each run included Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853. The isolate that failed to grow during repeat testing was excluded
from analysis. CA, VME, ME, and MI were calculated after repeat testing. If an error persisted after repeat
testing, it was included in the final calculations. If an error resolved after repeat testing, it was not
counted as an error and the initial result was disregarded. If a concordant isolate produced an error after
repeat testing, it was included in the final calculations.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.
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