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Abstract Accurate determination of resistance is impor-

tant to ensure appropriate antimicrobial therapy in Steno-

trophomonas maltophilia infections. This study was

undertaken to evaluate the susceptibility results obtained

by disc diffusion, E-test, Phoenix system, and reference

agar dilution method and also to evaluate the in vitro

activity of various antimicrobial combinations against

multidrug-resistant S. maltophilia. Susceptibilities to sev-

eral antimicrobial agents were determined by agar dilution,

disc diffusion, and E-test according to the US Clinical

Laboratory and Standards Institute (CLSI) guidelines.

Results were also evaluated in the in Phoenix system for

available agents. Twelve different antibiotic combinations

were tested for synergy by the E-test method. Most syn-

ergic combinations were confirmed by microdilution

checkerboard assay. Tigecycline, trimethoprim/sulfa-

methoxazole (TMP–SMX) and doxycycline were the most

effective drugs against S. maltophilia. Poorest agreement

was determined by disc diffusion and E-test against ticar-

cillin/clavulanate and ciprofloxacin (j\ 0.4), by disc dif-

fusion against colistin (j\ 0.4), and by the Phoenix

system against piperacillin/tazobactam (j\ 0.4). Based on

these data, disc diffusion seems to be unreliable for

ticarcillin/clavulanate, ciprofloxacin, and colistin; E-test

for ticarcillin/clavulanate and ciprofloxacin; and the

Phoenix system for piperacillin/tazobactam for S. malto-

philia susceptibility testing. Synergistic activity was

detected predominantly with TMP–SMX ? ticarcillin/cla-

vulanate and TMP–SMX ? ceftazidime. TMP–SMX ?

ceftazidime synergy was also supported by the checker-

board method. However, TMP–SMX ? ticarcillin/clavul-

anate combination revealed indifferent effect by the

checkerboard assay. As ticarcillin/clavulanate and cipro-

floxacin E-test results were beyond the acceptable corre-

lation limits, synergy testing performed with these agents

was considered as unreliable. Further studies are required

to standardize susceptibility testing, especially for colistin,

ticarcillin/clavulanate, and ciprofloxacin for S. maltophilia.

TMP–SMX-containing drug combinations seemed to be

more synergistic on multidrug-resistant S. maltophilia;

however, these results merit further evaluation.
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Introduction

Stenotrophomonas maltophilia has emerged as an oppor-

tunistic nosocomial pathogen of increasing importance. As

it is intrinsically resistant to a broad spectrum of antimi-

crobial agents, the treatment of infections due to

S. maltophilia is usually problematic in clinical practice,

leading to a high frequency of treatment failure and mor-

tality [1, 2]. The antimicrobial resistance of S. maltophilia

is attributed to the reduction in outer membrane perme-

ability, expression of efflux pumps, or production of mul-

tiple beta-lactamases [3, 4]. The expression of two or more
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of these resistance mechanisms together usually results in

the development of multidrug resistance (MDR), a condi-

tion that may necessitate the use of antimicrobial agents in

combination. Antimicrobial susceptibility testing of

S. maltophilia isolates presents some problems, and sus-

ceptibility testing guidelines have not yet been fully

established for this microorganism. The US Clinical

Laboratory and Standards Institute (CLSI) recommends the

use of the broth or agar dilution method and disc diffusion

method for testing minocycline, levofloxacin, and tri-

methoprim/sulfamethoxazole (TMP–SMX); and the broth

or agar dilution method for testing ticarcillin/clavulanic

acid, ceftazidime, and chloramphenicol [5]. Besides stan-

dard manual methods, several automated systems are now

available for identification and susceptibility testing of

bacteria. However, various drawbacks have been reported

about the accuracy and reliability of such systems in the

determination of antimicrobial susceptibilities [6–8]. This

study was conducted to evaluate and compare the methods

of agar dilution, disc diffusion, the E-test, and the BD

Phoenix automated susceptibility testing system to deter-

mine the susceptibility profile of S. maltophilia to nine

different antimicrobial agents and also to evaluate the

potential of various antimicrobial combinations against

MDR S. maltophilia.

Materials and methods

Isolates

A total of 25 nonduplicate, genetically unrelated

S. maltophilia strains isolated from individual patients

hospitalized at Hacettepe University Hospital, Ankara,

Turkey, in 2005 were included to the study. Identification

of the isolates was carried out by BD Phoenix Automated

Identification and Susceptibility Testing System (Becton–

Dickinson Biosciences, USA). Identification of the isolates

was confirmed by standard microbiological tests such as

Gram stain, oxidase, DNase, and lysine decarboxylase [9].

Genetic unrelatedness of the isolates was previously proven

by pulsed-field gel electrophoresis [10]. The band patterns

were interpreted according to the criteria of Tenover et al.

[11], with patterns that differed by two or three bands being

defined as closely related subtypes.

Susceptibility testing

The tested antimicrobial agents were ceftazidime, pipera-

cillin/tazobactam, ticarcillin/clavulanic acid, meropenem,

TMP–SMX, ciprofloxacin, doxycycline, tigecycline, and

colistin. Disc diffusion, agar dilution, and E-test methods

were applied to determine susceptibilities of the test isolates.

The antimicrobial discs were obtained from BBL, Becton–

Dickinson. The drug powders were supplied by their man-

ufacturers or obtained commercially. Disc diffusion and agar

dilution were performed according to CLSI guidelines [12].

The E-test (AB Biodisk, Solna, Sweden) method was applied

according to the manufacturer’s instructions. Mueller–

Hinton agar (Acumedia, USA) was used as the susceptibility

test medium, and all test media were incubated at 35�C in

normal atmosphere for 20–24 h. Escherichia coli ATCC

25922, E. coli ATCC 35218, and Pseudomonas aeruginosa

ATCC 27853 were used as quality-control strains. The

susceptibility test results were interpreted according to CLSI

criteria if susceptibility breakpoints existed for the specific

agent [12]. Otherwise, the results were evaluated using CLSI

criteria for P. aeruginosa, Acinetobacter spp. or non-

Enterobacteriaceae other than P. aeruginosa [12]. As

tigecycline breakpoints have not been established as yet,

tigecycline results were interpreted according to breakpoints

reported in the literature as B2, 4, and C8 lg/ml for sus-

ceptible, intermediate, and resistant isolates, respectively

[13, 14]. Isolates resistant to more than two classes of anti-

microbial agents were defined as MDR. Isolates in the

intermediate susceptibility category were accepted as

resistant for the calculation of resistance rates. Susceptibility

tests with the BD Phoenix system were performed using

panel NMIC/ID-55 or NMIC/ID-5 for gram-negative

rods (ref. no. 448935) according to the manufacturer’s

recommendations. Phoenix results were obtained only for

ceftazidime, piperacillin/tazobactam, meropenem, and

TMP–SMX.

Synergy testing

For synergy testing, 12 different combinations of E-test

strips were placed on Mueller–Hinton agar medium in a

cross formation, with a 90� angle at the intersection between

the scales at the respective minimal inhibitory concentra-

tions (MICs) for S. maltophilia, and the plates were incu-

bated at 35�C for 24 h (Fig. 1) [15]. The MICs were

interpreted at the point of intersection between the inhibition

zone and the E-test strip. The fractional inhibitory concen-

tration index (RFIC) was calculated on the basis of the

resultant zone of inhibition, as follows: RFIC = FIC

A ? FIC B, where FIC A is the MIC of the combination/

MIC of drug A alone, and FIC B is the MIC of the combi-

nation/MIC of drug B alone. Synergy was defined by a RFIC

of B0.5. Antagonism was defined by RFIC of[4. RFIC of

[0.5 but B4 was interpreted as indifferent [16]. Two dif-

ferent combinations indicating the highest rate of synergy

were further studied by microdilution checkerboard method

for to confirm the E-test synergy results. These two combi-

nations were chosen among the combinations containing

drugs with the least reliable E-test susceptibility results.
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Statistical analysis

Categorical agreement was used to compare susceptibilities

obtained with disc diffusion, E-test, and BD Phoenix system

with those obtained by the reference agar dilution method.

Errors were determined by methods published in the National

Committee for Clinical Laboratory Standards (NCCLS)

M23-A2 and Class II Special Controls Guidance Document:

Antimicrobial Susceptibility Test (AST) Systems; Guidance

for Industry and FDA [17, 18]. Very major errors (VME)

were considered when the organism resistant by the reference

method was interpreted as susceptible by the test method.

Major errors (MEs) were defined when the organism sus-

ceptible by the reference method was interpreted as resistant

by the test method. Minor errors (mE) were considered when

the reference method yielded a resistant or susceptible result

but the test method yielded an intermediate result and vice

versa. Kappa (j) measure of agreement was used to define

the correlation between tests; j\ 0.4 were interpreted as

poor agreement, j = 0.4–0.75 as fair to good agreement, and

j[ 0.75 as excellent agreement.

Results

Twenty-five S. maltophilia strains were selected from a

collection of S. maltophilia isolates previously shown to be

genetically unrelated by pulsed-field gel electrophoresis

[10]. Resistance rates determined for the nine antimicrobial

agents against S. maltophilia obtained by reference agar

dilution, disc diffusion, E-test, and BD Phoenix systems are

given in Table 1. MDR was detected in 96% of isolates.

Higher rates of susceptibility were detected for colistin by

disc diffusion. No resistance was detected against tigecy-

cline with any of the test methods. TMP–SMX and doxy-

cycline were the following most effective drugs against

S. maltophilia.

A total of 575 results were obtained when 25 S. malto-

philia were tested against nine drugs (Phoenix system

involved only five drugs) by three different testing methods.

Categorical analysis of results revealed an overall category

error rate of 21.3% for disc diffusion, with 27/225 (12%) of

these being mE, 6/225 (2.7%) ME, and 15/225 (6.7%) VME;

an overall categorical error rate of 23.6% for the E-test, with

40/225 (17.8%) being mE, 3/225 (1.3%) being ME, and 10/

225 (4.4%) being VME; and an overall categorical error rate

of 13.6% for the Phoenix system, with 10/125 (8%) being

mE, 2/125 (1.6) being ME, and 5/125 (4%) being VME

(Table 2). MEs were detected mainly for ticarcillin/

clavulanate by disc diffusion and E-test. VMEs were deter-

mined for ceftazidime and ciprofloxacin by three methods

and for piperacillin/tazobactam by the Phoenix system only.

Colistin results obtained by disc diffusion revealed a high

rate of VMEs (32%). High VME rates were also obtained for

ciprofloxacin by disc diffusion (24%) and E-test (32%).

Poorest agreement was determined by disc diffusion against

ticarcillin/clavulanate, colistin, and ciprofloxacin (j\ 0.4),

by E-test against ticarcillin/clavulanate and ciprofloxacin

(j\ 0.4), and by the Phoenix system against piperacillin/

tazobactam (j\ 0.4). Fair to good agreement was assessed

for the E-test with ceftazidime and colistin and for the

Phoenix system with TMP–SMX (j = 0.64). All other

agents and methods showed excellent agreement with the

reference agar dilution method (j[ 0.75).

Synergistic activity was detected predominantly with

TMP–SMX plus ticarcillin/clavulanate and TMP–SMX

plus ceftazidime (Table 3). Colistin plus TMP–SMX and

colistin plus tigecycline yielded antagonism in one isolate.

Although for certain combinations MIC values of one of

the drugs in combination decreased even below suscepti-

bility breakpoints, RFIC indices were not always in the

synergy range. However, in a certain number of such iso-

lates, combinations including tigecycline, TMP–SMX, or

doxycycline yielded significantly decreased MIC values for

colistin or ceftazidime (Table 4).

As TMP–SMX plus ceftazidime and TMP–SMX plus

ticarcillin/clavulanate indicated the highest rates of syner-

gistic activity, these combinations were further tested by

the microdilution checkerboard method to confirm the

results. Whereas TMP–SMX plus ceftazidime revealed

synergy in 72% of isolates by the E-test method, this rate

was 56% by the checkerboard method. For TMP–SMX

plus ticarcillin/clavulanate, whereas the E-test detected

synergy in 64% of isolates, checkerboard detected only

indifferent effects for all isolates.

Fig. 1 Synergy shown by the E-test. Tigecycline minimal inhibitory

concentration (MIC) is decreased from 0.125 to 0.064, whereas

colistin MIC is decreased from 48 to 12, as indicated by arrows
(asterisks denote original MICs)
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Discussion

Resistance of S. maltophilia to several antimicrobial agents

restricts the choice of drugs for treating such infections.

MDR strains further complicate the problem, as empiric

antibiotic therapy usually remains inadequate or inappro-

priate in such patients. In clinical practice, TMP–SMX,

which has relatively low rates of resistance, has become the

Table 1 Comparative resistance rates of the nine antimicrobial agents against Stenotrophomonas maltophilia obtained by four study methods

Antimicrobial agents Agar dilution n (%) Disc diffusion n (%) E-test n (%) Phoenix n (%)

Ceftazidime 23 (92) 22 (88) 21 (84) 22 (88)

Piperacillin/tazobactam 25 (100) 25 (100) 25 (100) 22 (88)

Ticarcillin/clavulanate 16 (64) 19 (76) 18 (72) –

Meropenem 25 (100) 25 (100) 25 (100) 25 (100)

Trimethoprim/sulfamethoxazole

(TMP–SMX)

1 (4) 1 (4) 1 (4) 2 (8)

Doxycycline 1 (4) 1 (4) 1 (4) –

Tigecycline 0 (0) 0 (0) 0 (0) –

Colistin 24 (96) 15 (60) 24 (96) –

Ciprofloxacin 24 (96) 10 (40) 5 (20) 23 (92)

Table 2 Categorical agreement of susceptibility data obtained by the test methods and by the reference agar dilution method

Antimicrobial agents Minor error n (%) Major error n (%) Very major error n (%)

DDa E-test Phoenix DD E-test Phoenix DD E-test Phoenix

Ceftazidime 0 (0) 2 (8) 2 (8) 0 (0) 0 (0) 0 (0) 1 (4) 1 (4) 1 (4)

Piperacillin/tazobactam 0 (0) 0 (0) 5 (20) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (12)

Ticarcillin/clavulanate 13 (52) 13 (52) – 5 (20) 2 (8) – 0 (0) 0 (0) –

Meropenem 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Trimethoprim/sulfamethoxazole

(TMP–SMX)

0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (4) 0 (0) 0 (0) 0 (0)

Doxycycline 0 (0) 3 (12) – 0 (0) 0 (0) – 0 (0) 0 (0) –

Tigecycline 0 (0) 0 (0) – 0 (0) 0 (0) – 0 (0) 0 (0) –

Colistin 1 (4) 7 (28) – 0 (0) 0 (0) – 8 (32) 0 (0) –

Ciprofloxacin 13 (52) 15 (60) 3 (12) 1 (4) 1 (4) 1 (4) 6 (24) 8 (32) 1 (4)

a Disc diffusion

Table 3 Synergistic activity of pairs of antimicrobial agents against Stenotrophomonas maltophilia strains

Antimicrobial agents Synergy

n (%)

Indifference

n (%)

Antagonism

n (%)

Trimethoprim/sulfamethoxazole (TMP–SMX)

? ticarcillin/clavulanate

16 (64) 9 (36) 0 (0)

TMP–SMX ? colistin 8 (32) 16 (64) 1 (4)

TMP–SMX ? ceftazidime 18 (72) 6 (24) 0 (0)

Tigecycline ? ticarcillin/clavulanate 3 (12) 22 (88) 0 (0)

Tigecycline ? colistin 3 (12) 21 (84) 1 (4)

Tigecycline ? ceftazidime 7 (28) 18 (72) 0 (0)

Doxycycline ? ticarcillin/clavulanate 5 (20) 18 (72) 0 (0)

Doxycycline ? colistin 9 (36) 15 (60) 0 (0)

Doxycycline ? ceftazidime 3 (12) 22 (88) 0 (0)

Ciprofloxacin ? piperacillin/tazobactam 8 (32) 17 (68) 0 (0)

Ciprofloxacin ? meropenem 4 (16) 21 (84) 0 (0)

Ciprofloxacin ? tigecycline 2 (8) 23 (92) 0 (0)
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treatment of choice in S. maltophilia infections [19, 20].

The results of this study indicated high levels of MDR in

S. maltophilia isolates, 96% of them being resistant to beta-

lactam agents, ciprofloxacin, and colistin. The most active

agents were tigecycline, doxycycline, and TMP–SMX, in

accordance with previous data. There have been increasing

reports of TMP–SMX resistance among S. maltophilia

strains; however, in this study and other studies from

Turkey, TMP–SMX resistance rates for S. maltophilia still

remain low [10, 21]. Tigecycline, which has been shown to

be one of the most promising therapeutic options for

treating MDR Acinetobacter spp. and S. maltophilia

infections [14, 22], has proven its good in vitro activity

against S. maltophilia in this study, as well. One strain

resistant to TMP–SMX and doxycycline was susceptible

only to tigecycline.

Empiric therapeutic drugs may be switched to others

after obtaining antibiotic susceptibility profiles specific for

the causative agent. Thus reliable and accurate suscepti-

bility testing is of crucial importance in the setting of

S. maltophilia infections, which usually occur in immu-

nocompromised patients or patients in intensive care units

and necessitate prompt and appropriate antimicrobial

therapy. CLSI has documented susceptibility testing

guidelines for S. maltophilia against certain drugs,

including ticarcillin/clavulanate, ceftazidime, minocycline,

levofloxacin, TMP–SMX, and chloramphenicol [5]. The

reference susceptibility testing is considered as agar dilu-

tion, and this study aimed to compare different testing

methods for S. maltophilia and evaluate the results under

the light of agar dilution MICs.

In general, disc diffusion or automated susceptibility

testing systems are more preferred nowadays by the clini-

cal microbiology laboratories for susceptibility testing, as

dilution methods are labor intensive and have a higher cost.

However, as results of this study also revealed, there are

discrepant susceptibility data, particularly with disc diffu-

sion for colistin, ticarcillin/clavulanate, and ciprofloxacin

and with the E-test for ticarcillin/clavulanate, ciprofloxacin

and, to a lesser extent, ceftazidime. There have been sev-

eral reports related to the discordance between different

susceptibility testing methods for S. maltophilia [6–8,

23–25]. It has been previously reported by the NCCLS that

for an acceptable performance of susceptibility tests, the

overall categorical error rate should be \10%, of these

B1.5% being VMEs and B3% being MEs [17]. Although

most discrepancies in this study were in the form of mEs,

colistin and ticarcillin/clavulanate disc diffusion results

exhibited very poor agreement with the reference method.

The high VME rate for colistin obtained by the disc dif-

fusion method is in accordance with previous reports,

confirming the unacceptable accuracy and reliability of

disc diffusion for testing colistin [26, 27]. Colistin results

obtained with the E-test were within acceptable ranges,

with most discrepancies being in the category of mEs.

Thus, the E-test can be considered a good alternative for

colistin MIC determination in S. maltophilia isolates. Our

results with colistin in the E-test were inconsistent with the

results of Tan et al. [26], who reported unacceptable error

rates for the colistin E-test in S. maltophilia and P. aeru-

ginosa. However, our data were in accordance with

Nicodemo et al., reporting 96.7% essential agreement and

Galani et al. reporting no VMEs or MEs between the E-test

and agar dilution for colistin [27, 28]. When ciprofloxacin

and ticarcillin/clavulanate results were evaluated, it was

observed that disc diffusion and the E-test had poor

agreement, with high VME rates, whereas Phoenix exhib-

ited fair to good agreement. Poor agreement for cipro-

floxacin and ticarcillin/clavulanate by disc diffusion and

the E-test was also reported by several other authors

[23–25]. These previously reported results were similar to

ours in that the E-test and disc diffusion revealed false

susceptibility to ciprofloxacin when compared with refer-

ence agar dilution. The possibilities that ciprofloxacin

stability was poor or that degradation occurred could not be

ruled out with the current data. However, ciprofloxacin

MIC values were within normal ranges for the quality-

control strains used in each run. Thus, lack of correlation of

Table 4 Antimicrobial

combinations in which

resistance phenotype is changed

to susceptibility although

synergy is not detected

Combination of antimicrobial agents Strain no. MIC variation (lg/ml)

Trimethoprim/sulfamethoxazole

(TMP–SMX) ? colistin

Sm2 Colistin 12 ? 1.5

Sm17 Colistin 8 ? 2

Sm25 Colistin 8 ? 0.5

Tigecycline ? colistin Sm12 Colistin 8 ? 2

Sm15 Colistin 64 ? 2

Doxycycline ? colistin Sm2 Colistin 12 ? 1

Sm12 Colistin 8 ? 1.5

Sm17 Colistin 8 ? 2

Tigecycline ? ceftazidime Sm1 Ceftazidime 32 ? 6

Doxycycline ? ceftazidime Sm1 Ceftazidime 32 ? 6

Ciprofloxacin ? piperacillin/tazobactam Sm18 Piperacillin/tazobactam 256 ? 0.38

326 J Infect Chemother (2010) 16:322–328
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ciprofloxacin results in this study may be related to factors

specific to S. maltophilia and quinolone resistance mech-

anisms. When ticarcillin/clavulanate results were evalu-

ated, it was observed that more resistance was detected by

the E-test, probably due to the presence of hazy colony

growths within the inhibition ellipses.

When the overall categorical error rates were consid-

ered, disk diffusion and the E-test seemed to have similar

rates of about 21–23%. Although this rate was higher than

the acceptable rate, when examined in detail, serious dis-

cords were not detected, and it can be stated that E-test

reliably carries out susceptibility testing of most of the

antimicrobial agents included in the study, as VME and

ME rates were within acceptable limits—except for cip-

rofloxacin, ticarcillin/clavulanate and, to a lesser extent,

ceftazidime. As the Phoenix system gave susceptibility

results for a limited number of agents, in this study, only

ceftazidime, piperacillin/tazobactam, meropenem, TMP–

SMX, and ciprofloxacin data were compared. According to

this comparison, inconsistent results were obtained mainly

for piperacillin/tazobactam, ceftazidime, and ciprofloxacin

and also in a single isolate for TMP–SMX. The overall

categorical error rates revealed that the Phoenix system has

some inadequacies in susceptibility testing for S. malto-

philia, especially with beta-lactams. Discrepant results

with ceftazidime, cefotaxime, cefepime, ciprofloxacin, and

TMP–SMX were also reported by Stefaniuk et al. for the

BD Phoenix system [8]. Although it is still a matter of

debate as to treatment guidance according to MIC values, it

could be recommended that Phoenix susceptibility results

may be applied cautiously for that purpose in case of

S. maltophilia isolates.

A systematic literature review revealed that when

cotrimoxazole administration is not possible, ciprofloxacin

and ceftazidime or ceftriaxone administered as mono-

therapy or in combination with other agents had clinical

success rates ranging from 66.7% to 85% in the limited

number of reported cases [29]. However, S. maltophilia has

resistance mechanisms for both of these classes of agents.

Although the choice of monotherapy or combination ther-

apy is a controversial issue, several authors suggest com-

bination treatment, especially in patients at risk [29–31].

Therefore, synergy testing may help determine the most

appropriate combination in each special setting. Synergy

testing in this study revealed that the most effective anti-

biotic combinations against S. maltophilia were TMP–SMX

plus ceftazidime, followed by TMP–SMX plus ticarcillin/

clavulanate. Poulos et al. [30] reported TMP–SMX plus

ticarcillin/clavulanate synergy for all S. maltophilia

isolates tested. Liaw also suggested TMP–SMX plus

ticarcillin/clavulanate and ceftazidime plus ciprofloxacin as

the most synergic combinations against S. maltophilia

isolates [31]. Colistin combined with TMP–SMX or

doxycycline exhibited synergy in 36% of the isolates.

Although this rate obtained according to RFIC indices does

not seem to be satisfactory in terms of synergy, it is of note

that most isolates showed colistin MIC values were low-

ered in combination with TMP–SMX, tigecycline, and

doxycycline. Ciprofloxacin-added combinations are usu-

ally recommended for S. maltophilia infections [29].

However, as ciprofloxacin E-test results revealed poor

agreement in this study, and synergy testing was performed

by the E-test, ciprofloxacin synergy results did not seem to

be reliable. Confirmation of the E-test synergy results by

microdilution checkerboard method revealed agreement for

TMP–SMX plus ceftazidime combination. However,

results for the TMP–SMX plus ticarcillin/clavulanate

combination were all in the category of indifferent effect

by the checkerboard method. This could be attributed to the

poorest agreement detected for ticarcillin/clavulanate by

the E-test. Thus, E-test synergy results seem to be unreli-

able for ticarcillin/clavulanate also. The net effect of

antimicrobial combinations against S. maltophilia should

further be evaluated in both the animal model and the

clinical setting. It is noteworthy that in vitro studies lack

the effects of host immune response. Nevertheless, antibi-

otic combinations may provide significant benefit over

monotherapy in MDR pathogens such as S. maltophilia.
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