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Abstract

Background: Stenotrophomonas maltophilia has emerged as an important nosocomial
pathogen, capable of causing a wide spectrum of infections. Treatment is difficult because it is
resistant to many antimicrobial agents, thus reducing the treatment options. The aims of this
study were to describe the antimicrobial susceptibility patterns and synergistic effect of selected
antimicrobial combinations against S. maltophilia isolates.

Methods: This was a descriptive cross-sectional study undertaken in the Hospital
Universiti Sains Malaysia from April 2011 to March 2012. S. maltophilia isolated from various
clinical specimens were included in the study. Antimicrobial susceptibility testing was done
using the epsilometer test (E-test) and interpreted according to the guidelines of the Clinical and
Laboratory Standards Institute. In the synergy test, the isolates were tested against six different
antimicrobial combinations.

Results: In total, 84 S. maltophilia isolates were collected and analysed. According
to the E-test, the antimicrobial susceptibility of trimethoprim-sulfamethoxazole (TMP-SMX),
tigecycline, and ciprofloxacin was 100%, 91.1%, and 88.9% respectively. The antimicrobial
combination of TMP-SMX and ceftazidime showed the highest synergistic effect.

Conclusion: TMP-SMX remains the antimicrobial of choice to treat S. maltophilia
infection. TMP-SMX and ceftazidime was the most effective combination in vitro.

Keywords: combination, trimethoprim-sulfamethoxazole, ceftazidime, Stenotrophomonas maltophilia

Introduction important causative agent of nosocomial

infection (2). A previous study reported that

Stenotrophomonas maltophilia bacteraemia and pneumonia were the two most

is an aerobic, gram-negative, glucose- common manifestations and that both were
nonfermentative, ubiquitous Dbacillus, which associated with high mortality (3).

is found in a variety of environments and Trimethoprim-sulfamethoxazole (TMP-

geographical regions, as well as inside and SMX) remains the antimicrobial agent of

outside hospitals. The organism is of low choice to treat S. maltophilia infection, with

virulence and considered an uncommon susceptibility rates of 96% in most settings

pathogen in immune-competent individuals worldwide (4). However, resistance towards

(1). S. maltophilia has been described as an TMP-SMX is an increasing problem. Although
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the resistance rate was reported to vary,
depending on the institution and geographic
area, it was generally less than 10% (5, 6). In
our study setting at Hospital Universiti Sains
Malaysia (HUSM), based on five-year data from
2006 to 2010, 7.14% of S. maltophilia isolates
were resistant to TMP-SMX (unpublished data).

The treatment of S. maltophilia infections
is often problematic because the pathogen shows
intrinsic resistance to many antimicrobial agents,
including carbapenems, aminoglycosides, anti-
pseudomonal penicillins, and antipseudomonal
third-generation cephalosporins (7). In view
of the limited antimicrobials available for
treatment, this study aimed to determine
the antimicrobial susceptibility pattern of S.
maltophilia isolates in HUSM and to determine
the antimicrobial synergistic effect of potential
antimicrobial combinations.

Materials and Methods

Sample collection

This was a cross-sectional study undertaken
in the HUSM from April 2011 until March 2012.
S. maltophilia isolates obtained from various
clinical specimens (sputum, endotracheal
aspirates, body fluid, female genitals, pus,
tissue, cerebrospinal fluid, urine, and blood)
were included in the study. Repeated specimens
from the same patient within three weeks were
excluded.

Antimicrobial susceptibility testing

All the isolates were tested against a panel
of antimicrobial agents, including TMP-SMX,
ceftazidime, ciprofloxacin, and imipenem, based
on the guidelines of the Clinical and Laboratory
Standards Institute (CLSI) (8). Piperacillin-
tazobactam and tigecycline were also included
in the panel for antimicrobial susceptibility
testing (AST). AST was performed using the
epsilometer test (E-test) (BioMerieux SA, Marcy-
I'Etoile, France), according to the manufacturer's
instructions. The isolates were cultured on
Mueller—Hinton agar (Thermo Scientific™ Remel
Muller Hinton, USA) for AST and incubated at
35 °C for 18 hours—24 hours. The AST results
for TMP-SMX were interpreted according to the
standards of the CLSI (9). AST of piperacillin-
tazobactam, ceftazidime, ciprofloxacin, and
imipenem were interpreted using breakpoints
for Pseudomonas aeruginosa, according to
the CLSI's guideline (9). AST of tigecycline,
which is not included in the CLSI guideline, was
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interpreted using other published protocols (10,
11).

Synergy testing

Using the E-test method, the isolates
were subjected to antimicrobial synergy
testing against six selected combinations of
antimicrobial agents: TMP-SMX plus colistin,
TMP-SMX plus ceftazidime, TMP-SMX plus
sulperazone, ciprofloxacin plus piperacillin-
tazobactam, TMP-SMX plus piperacillin-
tazobactam, and TMP-SMX plus rifampicin.
The combinations were selected based on
the availability of the antimicrobial agents
in the study setting and the lack of previous
studies on these combinations. 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 concentrations (MICs)
for both antimicrobial agents (Figure 1), as
previously described (12). Cultured plates were
placed inversely for incubation at 37 °C for
16 hours—18 hours (12).

High concentration

A
MIC of B alone
1

L1 lLow concentration

High concentration

MIC of A alone MIC of Aand B

in combination

Figure 1. Diagrammatic illustration of E-test
strips placement for synergy test,
adopted from White et al., 1996 (12).

The results of the synergy testing were
interpreted as synergistic, antagonism, or
indifference (13). Synergism refers to a positive
interaction, in which the combined effect of
the test drugs is significantly greater after
combination than the sum of both effects (14).
Antagonism refers to negative interaction, in
which the combined effect of the test drugs is
significantly less than their independent effects
when they are tested separately (14). Indifference
denotes a combined action, in which the effect of
the test drugs combined is no greater than the
effect when used alone (14).

After incubation, the MICs were interpreted
at the point of intersection between the
inhibition zone and E-test strip (Figure 2). The
calculation and interpretation of the results
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of the synergy test were done according to a
previously published protocol (13). Briefly,

synergy was defined as IFIC < 0.5; antagonism
was defined as YFIC > 4, and indifference was
defined as XFIC > 0.5 and XFIC < 4.

Figure 2. Photograph of E-test result for
synergy test observed in TMP-SMX
and ceftazidime combination.

Results

In total, 84 S. maltophilia isolates were
collected during the study period. Of those,
57% (n = 48) were isolated from endotracheal
aspirate and other body fluid, and 22% (n= 18)
were isolated from blood. The other origins of
the isolates were as follows: pus and tissue (12%,
n = 10), sputum (7%, n = 6), and cerebrospinal
fluid and eye specimens (0.8%, n = 1 for each).
All the isolates were susceptible to TMP-
SMX and resistant to imipenem. The majority
of the isolates showed high susceptibility to
ciprofloxacin and tigecycline (Table 1).

TMP-SMX+Rifampicin

TMP-SMX+ Colistin

TMP-SMX +Sulperazone
TMP-SMX+Piperacillin tazobactam
Ciprofloxacin+Piperacillin tazobactam

TMP- SMX+Ceftazidime

0% 20%

Table 1. Susceptibility rate of S. maltophilia
isolates using E-test

Antimicrobials n (%)

Trimethoprim-sulfamethoxazole 45 (100)
Ciprofloxacin 40 (88.9)
Piperacillin-tazobactam 9 (20)
Ceftazidime 26 (57.8)
Tigecycline 41(91.1)
Imipenem o (0)

The synergistic effects of the six
antimicrobial =~ combinations  were tested.
Synergism was observed in four sets of the
antimicrobial combinations, with the highest
rate observed with TMP-SMX plus ceftazidime,
followed by TMP-SMX plus sulperazone,
ciprofloxacin ~ plus  piperacillin-tazobactam,
and TMP-SMX plus piperacillin-tazobactam
(Figure 3). The isolates showed indifference
results for all antimicrobial combination at
various percentages and no antagonism was
seen.

Discussion

S. maltophilia can cause serious infection
in severely immunocompromised and debilitated
individuals. The infection continues to pose a
therapeutic challenge because of the emergence
of resistant strains, causing treatment failure. S.
maltophilia is consistently susceptible to TMP-
SMX, making it the drug of choice (4). However,
recent data reported the emergence of a strain
resistant to TMP-SMX, further complicating the
management of patients (5, 6).

100%

100%

W Antagonism
M Indifferent

M Synergism

64.30%

T T T T

40% 60% 80% 100%

Figure 3. Synergistic activity of antimicrobial combination against S. maltophilia isolates
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In the present study, all the isolates
tested with the E-test were susceptible to
TMP-SMX. Thus, this can still be considered
the antimicrobial agent of choice to treat S.
maltophilia infection in the study setting.
Despite the good susceptibility to TMP-
SXT, a previous study reported that TMP-
SMX alone was bacteriostatic at best against
all isolates of S. maltophilia and that all
antimicrobial combinations were more active
than monotherapy, as determined by bacterial
reductions at both 24 h and 48 h (P < 0.0001)
(15).

The results of the present showed that
the most effective antimicrobial agents against
S. maltophilia were TMP-SMX, followed by
tigecycline, ciprofloxacin, and ceftazidime.
Piperacillin-tazobactam exhibited a high rate of
resistance rate towards S. maltophilia isolates.
These findings are in line with those of previous
research (16). However, they are in contrast to
those of another study, which reported higher
susceptibility rates of piperacillin-tazobactam
in a disc diffusion test and E-test (61.5% and
46.2%, respectively) (17). Tigecycline was not
tested in the latter study. However, previous
studies showed that tigecycline was one of
the most promising therapeutic options for
treating multidrug-resistant Acinetobacter and
S. maltophilia infections (11, 18). In common
with the findings of a previous study (16),
tigecycline showed good in vitro activity against
S. maltophilia in the present study.

Fluoroquinolones are one of the main
alternatives to TMP-SMX for the treatment of
S. maltophilia infections (19). The findings of the
present study correlated well with those of other
studies, which suggested that fluoroquinolones,
such as ciprofloxacin, had potent in vitro activity
against S. maltophilia (20, 21). In the current
study, the susceptibility rate to ciprofloxacin
was 88.9%, which was comparable with that
found in a previous study, which reported a
susceptibility rate of 82.4% (22). However,
several studies demonstrated poor activity
of ciprofloxacin against S. maltophilia, with
susceptibility rates, on average, lower than 50%
(23, 24). Thus, the choice of antimicrobial agent
to treat S. maltophilia infection depends on local
susceptibility patterns.

Increasing numbers of reports of
resistance to TMP-SMX have fuelled studies
of antimicrobial combinations (5, 15, 16). One
of the aims of antimicrobial combinations is to
enhance the synergistic activity and bactericidal

www.mjms.usm.my

effect of particular antimicrobial agents against
specific organisms. Theoretically, antimicrobial
combinations can also delay the emergence
of microbial mutants resistant to one drug in
chronic infections by the use of second or third
non-cross reacting drugs (14). As shown in
the present study, the TMP-SMX-ceftazidime
combination exhibited the highest rate of
synergism. A higher synergistic rate of 72% was
reported by a previous study (16). Our findings
also correlated with another study that reported
net bacterial kill of the isolates and provided
significant benefit over monotherapy (15).

However, the combination of TMP-SMX-
colistin failed to exhibit a synergistic effect.
This finding was contradictory to that of earlier
studies, which detected TMP-SMX-colistin
synergy in 41.7% (25) and 32% (16) of isolates.
The discrepancy in the results could be due to
the use of different methods (time-kill assay)
in the previous studies. For the combination
of ciprofloxacin and piperacillin-tazobactam,
a synergistic effect was observed in 20.2% of
the isolates, as compared to 32% reported in
an earlier study (16). Several reports proposed
the use of a combination of TMP-SMX plus
ticarcillin-clavulanic acid (16, 26, 27). However,
this combination was not included in the present
study because ticarcillin-clavulanic acid is not
available in the study setting.

Although the choice of monotherapy or
combination therapy for S. maltophilia infection
remains a matter of debate, several studies
suggested the use of antimicrobial combination
treatment, especially in patients who are at
risk of S. maltophilia infection (21, 27). Other
potential uses for antimicrobial combination
therapy include patients with resistant
organisms, sulfonamide-intolerant patients, and
neutropenic patients (28).

An in vitro method of detecting synergy,
which is simple to perform, accurate,
reproducible, and has the potential for clinical
extrapolation, is highly desirable. Both the time-
kill assay and checkerboard methods using broth
dilution are widely used to assess synergy, but
they are time consuming and labour intensive
(12). Today, the E-test is more practical in
routine laboratory testing and is a reliable
alternative to broth dilution (16). A previous
study reported that confirmation of the E-test
synergy results by microdilution checkerboard
method revealed agreement for TMP—SXT plus
ceftazidime combination against S. maltophilia
isolates (16).
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In conclusion, TMP-SMX remains the
antimicrobial agent of choice to treat S.
maltophilia infection in the study setting. The
TMP-SMX-ceftazidime combination should be
considered when monotherapy fails to combat
S. maltophilia infections. Other antimicrobial
combinations merit further evaluation to
determine their synergistic action.
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