
227
2004

Stenotrophomonas
maltophilia lipopolysaccharide
(LPS) and antibiotics: “in vitro”
effects on inflammatory
mediators
Lipopolisaccaride (LPS) di Stenotrophomonas maltophilia
e antibiotici: effetti in vitro sui mediatori
dell’infiammazione

Giovanni Matera1, Giorgio Settimo Barreca1, Rossana Puccio1,
Angela Quirino1, Maria Carla Liberto1, Marta De Rosa2, Alfredo Focà1

1Institute of Microbiology, Dept. of Medical Sciences, University of Catanzaro,
Catanzaro, Italy
2U.O. Virologia, A.O. “B.M.M.”, Reggio Calabria, Italy

n INTRODUCTION

S
tenotrophomonas maltophilia is an aerobic
non-fermentative gram-negative bacillus,
first identified in 1943 as Bacterium bookeri

and finally reclassified in 1993 with its present
name [1]. It is implicated with increased fre-
quency as an emerging pathogen in nosocomial
sepsis [2, 3]. The colonization of the respiratory
tract by S. maltophilia is particularly frequent in
cystic fibrosis patients [1], and severe infec-
tions, including meningitis, acute mastoiditis
and purpura fulminans, due to S. maltophilia
have already been reported [1, 3, 4]. Also a di-
sconcerting series of fatal hemorrhagic pneu-
monias have been described associated with the
organism [5]. Scant studies have dealt with en-
dotoxin release from S. maltophilia and even
fewer with the biological effects of the released
lipopolysaccharide (LPS) [6].
LPS released from gram-negative bacteria has
been reported as an important pathogenic fac-
tor in both septic syndrome originated from a
primary gram-negative septic focus, and also in
many infectious, as well as non-infectious se-
vere diseases independent of an obvious septic
origin [7-10].
Once the LPS and other microbial products are
released into animal or human deep tissues, an

exuberant host response may start, due to the
overproduction of secondary inflammatory me-
diators, which are direct responsible for a sys-
temic inflammatory response syndrome, even-
tually culminating in a multiple organ dysfunc-
tion and death [8]. A number of studies in ani-
mals and humans indicate that tumor necrosis
factor α (TNFα) is the major early mediator,
while the interleukin 8 (IL-8) is an important
late inflammatory mediator. Also inhibitor en-
dogenous mediators, including interleukin 10
(IL-10), may control the exaggerated host re-
sponse to infectious invaders and their prod-
ucts. Besides the above peptide mediators there
are also an increasing number of inorganic free
radicals which play an important role particu-
larly after the initial cytokine cascade has
started. The nitric oxide (NO) is certainly one of
the more thoroughly investigated free radicals
[11]. On the other hand endogenous mediators,
such as bactericidal/permeability-increasing
protein (BPI), a marker of neutrophil activation
[12, 13], interact and neutralize LPS. BPI has
been reported to increase both in vitro [12] and
in vivo [13] models of sepsis and represents a
major tool for evaluating the extent of the in-
flammatory reaction to bacterial products [14].
Although the first step of the pathophysiologi-
cal cascade toward the septic shock is the re-
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lease of functional or structural molecules [8]
from the invader organism(s), potent bacterici-
dal and cell wall-active antibiotics might aggra-
vate sepsis sequelae by a sudden release of en-
dotoxin [15, 16].
A therapy to neutralize such microbial mole-
cules remains elusive [17]. We previously
demonstrated that teicoplanin and other gly-
copeptide antibiotics, magainins and other
large spectrum antimicrobials, neutralize bacte-
rial endotoxin [18-23].
Therefore we assess the effects of anti-
pseudomonal antibiotics and their combina-
tions on in vitro growth and LPS release of a
clinical isolate of S. maltophilia. We also evaluate
the effects of Stenotrophomonas LPS as well as
the activity of filtrates coming from antibiotic-
treated Stenotrophomonas cultures, on cy-
tokine, NO and BPI release from human whole
blood.

n MATERIALS AND METHODS

Bacteria The clinical isolate of S. maltophilia used
in the present study was identified by conven-
tional methods, and biochemical and suscepti-
bility tests were carried out by ATB System
(Biomerieux, Italy). The MIC was determined
against S. maltophilia using standard microdilu-
tion techniques. The MIC values were 32 µg/ml
for isepamicin, 16 µg/ml for tobramycin, 8
µg/ml for polymyxin B and 2 µg/ml for cef-
tazidime.

LPS release The recently isolated strain of S. mal-
tophilia was subcultured overnight (37°C) on
trypticase soy agar containing 5% sheep’s
blood. Then bacterial colonies were suspended
in M9 medium to achieve a concentration of 0.5
McFarland and incubated at 37°C for 1 h. An-
tibiotics used included polymyxin B sulfate
(Sigma, St. Louis, MO, USA), tobramycin sul-
fate (Eli Lilly, Florence, Italy), isepamicin
(Schering-Plough, Milan, Italy) and ceftazidime
(Glaxo-Wellcome, Verona, Italy). Each antibi-
otic was dissolved and diluted in sterile apyro-
genic distilled water to obtain a mother solution
of 2000 µg/ml which was further diluted in M9
medium to obtain an antibiotic concentration of
160 µg/ml. Both the M9 medium and the an-
tibiotic mother solutions were tested for steril-
ity (by the spread-plate technique on trypticase
soy agar containing 5% sheep’s blood), and for
LPS concentration (by the chromogenic LAL

test) and resulted sterile and apyrogenic (LPS
<5pg/ml). 
After the first hour of incubation, each culture
was divided in aliquots (3.6 ml) and 0.25 x MIC
of isepamicin (ISE; 0.2 ml from the 160 µg/ml
solution), 0.25 x MIC of tobramycin (TB; 0.1 ml
from the 160 µg/ml solution), 0.25 x MIC of
polymyxin B (PB; 0.05 ml from the 160 µg/ml
solution), and 4 x MIC of ceftazidime (CTZ; 0.2
ml from the 160 µg/ml solution) were added ei-
ther separately or in combinations of two an-
tibiotics.
We selected these antibiotic concentrations
(range 2-8 µg/ml) because they are frequently
found in the plasma of treated septic patients.
As regards the polycationic antibiotics, the sub-
MIC used should allow the growth of most of
the bacteria, as well as the neutralization of
most of the released LPS. However, the use of
any higher MIC for the same antibiotics would
kill most of the bacteria, thus making it very
difficult to assess whether the decrease in LPS
concentration might be due to the small num-
ber of bacteria remaining or to LPS neutraliza-
tion. 
Some cultures were left untreated and used as
growth control. Such control cultures were fol-
lowed to establish the modification of bacterial
count (CFU/ml) over time. The mean values of
both preliminary and further experiments were
as follows: 105 CFU/ml (1 h), 189 CFU/ml (2 h),
240 CFU/ml (4 h), 367 CFU/ml (5 h), 229
CFU/ml (10 h), 213 CFU/ml (24 h) and 220
CFU/ml (48 h). Therefore, based on the above
data, (as well as on other unpublished results
generated by “Bioscreen” robotized bacterial
growth reader, Labsystem, Finland) the time 5
h appeared the maximum of the logarithmic
phase of S. maltophilia in M9.
After 1, 5 and 24 h of incubation, samples of S.
maltophilia cultures were taken to determine the
bacterial count (CFU/ml), using the spread-
plate technique on trypticase soy agar contain-
ing 5% sheep’s blood, and for LPS activity
(EU/ml) measured by the chromogenic LAL
test (QCL 1000; BioWhittaker Bioproducts,
Walkerville, MD, USA) on filtered and diluted
(1:30,000) aliquots. Other filtered aliquots were
used for whole blood experiments as reported
below.
The LPS/CFU ratio was determined according
to Lamp et al. [24] with some modifications as
follows: LPS/CFU ratios are calculated in terms
of the change in LPS activity expressed as
EU/ml, divided by the change in log10 CFU/ml.
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Such changes are considered over the period of
time from the pre-antibiotic baseline (1h of in-
cubation) to the above indicated sampling
times (5 and 24 h).

Extraction and characterization of Stenotrophomonas
LPS LPS from S. maltophilia was extracted and
isolated by the method of Westphal & Jann [25]
with minor modifications. Briefly, tryptic soy
broth (TSB) cultures of S. maltophilia for LPS ex-
traction were aerobically incubated on a rotator
(170 rpm) at 37°C for 48 h. Cells were harvested
by centrifugation and washed twice in sterile
saline. Cells were extracted twice with phenol-
water, the aqueous layers combined and dia-
lyzed against 20 liters of distilled water at 4°C.
The LPS was lyophilized and stored at -20°C.
SDS-PAGE reagents were from Bio-Rad and
LPS samples were run on 0.75 mm thick, 8-cm
(L) X 10-cm (W) minigels Bio-Rad, using the ap-
paratus Bio-Rad MiniProtean II™. LPS was dis-
solved in distilled water, diluted in lysing
buffer [26] to 1 mg of LPS per ml and heated at
100°C for 5 min. Samples were applied to dis-
continuous gels (4% acrylamide spacer gel,
12.5% acrylamide resolving gel) and elec-
trophoresed at 15 mA of current for approxi-
mately 1.5 h, at room temperature. LPS was vi-
sualized after silver stain following the tech-
nique reported by Hitchcock & Brown [26]. As
reference compounds we co-electrophoresed a
Re chemotype LPS (from Salmonella minnesota
R595; Calbiochem, La Jolla, CA, USA), a smooth
type LPS (from the syngenic Salmonella min-
nesota wild strain; Sigma, St. Louis, MO, USA),
a different smooth type LPS (from Serratia
marcescens; Sigma, St. Louis, MO, USA) and the
prestained SDS-PAGE “Broad range” stan-
dards (Bio-Rad) including aprotinin (7kD),
lysozyme (20.4 kD), soybean trypsin inhibitor
(29.6 kD), carbonic anhydrase (34.9 kD), ovoal-
bumin (47.7 kD), bovine serum albumin (88
kD), β-galactosidase (125 kD). 
Endotoxicity of our extracted LPS was evalu-
ated by the LAL test and the above reported
LPS from Serratia marcescens, S. minnesota wild
type, S. minnesota R595, and E.coli were used as
reference LPS. Results were reported as O.D. at
405 nm.
Protein content was estimated by a Biorad pro-
tein assay (Bio-Rad Laboratories) which is
based on Bradford’s method [27]. Preliminary
protein assay using Lowry’s method produced
results which were indistinguishable from
those found by the Bradford technique. 2-Keto-

3-Deoxyoctonate acid (KDO) amount was eval-
uated by periodate oxidation-thiobarbituric
acid assay reported by Karkhanis [28].

Antibiotic neutralization of isolated LPS The direct
in vitro neutralization of the extracted LPS from
S. maltophilia and from S. minnesota R595 by an-
tibiotics was evaluated using the techniques of
the inhibition of the reactivity in the LAL test as
reported previously [20].

Whole blood experiments assessing filtered media
from antibiotic-treated cultures Blood obtained
from healthy volunteers was collected in evacu-
ated 10 ml blood collection tubes containing 0.1
ml of endotoxin-free heparin (500 IU/ml).
Other blood samples were obtained from the
same donors for differential cell count; such
samples were treated with 15% EDTA, and
analysis was performed using a MAX-M
counter (Coulter, Luton, UK).
One ml (Time 0 sample) from each blood sam-
ple was separated and represented our baseline
control value. Each of the remaining blood sam-
ples were divided into sterile polypropylene
tubes (1.8 ml/tube), and a 0.2 ml volume of fil-
tered samples from 5h Stenotrophomonas bac-
terial cultures (antibiotic treated and untreated)
was added. Such stimulation would be ranging
around 100 ng of LPS/ml based on the results
of LAL-test performed on these filtered media.
Whole blood incubation was performed in non-
rotating tubes at 37°C. One ml aliquot of blood
was removed at 4 and 24 h of incubation,
plasma was separated from blood cells by cen-
trifugation for 5 min at 1,500 x g, and stored at
-20°C in different aliquots, until analyzed for
BPI and cytokines by ELISA. NO evaluation
was carried out within 24 h or less from sample
freezing.

BPI ELISA BPI was quantified following the
technique reported by Dentener et al. [14].
Briefly, 96-well plates were coated overnight at
4°C with human rBPI-specific Mab 4E3, 2.5
µg/ml dissolved in PBS. After blocking the free
sites with PBS plus 1% of bovine serum albu-
min (BSA) for 1 h and washing with buffer (50
mM TRIS at pH 7.4, 150 mM NaCl, 0.1% BSA,
0.05% Tween 20 and 80 mM MgCl), samples
and human rBPI standards were added and in-
cubated for 2 h at room temperature. Then, fol-
lowing 5 washing with buffer, 5 µg/ml biotiny-
lated polyclonal rabbit anti-human BPI IgG was
added and incubated for 1 h at room tempera-
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ture. After washing, peroxidase-conjugated
streptavidin (Dakopatts, Glostrup, Denmark)
diluted in PBS plus 0.1% BSA was added; plates
were washed after 1 h of incubation using dis-
tilled water with 0.1% Tween 20. The substrate
for peroxidase was added and the absorbance
(450 nm wavelength) measured by a micro-
ELISA autoreader. 
The lower limit of sensitivity of the assay was
0.2 ng/ml. The amount of BPI detected in
plasma was corrected for the total amount of
PMN present in whole blood, and expressed as
ng/106 PMN.

Cytokine ELISA Cytokine concentrations were
measured by commercially available enzyme-
linked immunosorbent assay (ELISA) (Amer-
sham, Italy), following the quantitative im-
munometric “sandwich” ELISA technique. The
lower limit of sensitivity of the assays for TNF,
IL-8, and IL-10 were 4.4, 18.1, and 1.0 pg/ml, re-
spectively. No cross-reactivity or interference
among the above reported cytokines was
found. Data obtained from each assay were cor-
rected for blood dilution value in order to re-
flect the cytokine concentration as pg/ml of
undiluted blood. Since values of HCT and dif-
ferential WBC showed only negligible differ-
ences among samples from different donors,
we did not try to adjust cytokine values for
monocyte and/or white cell count.

NO evaluation The NO was measured as nitrite,
the stable end product of the nitric oxide path-
way. The technique used has been previously
described [29]. Briefly, plasma samples and
standards were mixed with an equal volume of
Griess reagent and incubated at room tempera-
ture for 10 min. Then the absorbance at 540 nm
was measured and nitrite concentration was
determined using sodium nitrite as standard.
Data obtained from each assay were corrected
for blood dilution, expressed as nM of nitrite, in
order to reflect the concentration of NO in undi-
luted blood.

Statistical Analysis Data are reported as mean +
SEM of the results of four experiments, each in-
cluding samples tested in duplicate, unless oth-
erwise stated. Results were examined by analy-
sis of variance and significant differences be-
tween experimental groups were determined
by means of Fisher’s protected least square dif-
ference (PLSD test). A”P“ value of less than 0.05
was considered significant.

n RESULTS

Effects of antipseudomonal antibiotics on bacterial
count and endotoxin activity. The bacterial count
of control S. maltophilia cultures after 1 h of in-
cubation was 105±46 x106 CFU/ml, with an LPS
concentration of 600±10 EU/ml as measured by
LAL test in the filtrates. Such values increased
at 5 and 24 h, thus reaching 367±36 and 400±53
x106 CFU/ml respectively, while LPS released
at the same times were found to be 14,380±390
and 21,700±170 EU/ml (Figure 1). 
CTZ decreased live bacteria at 5 and 24 h, but
increased LPS activity versus time-matched
controls. By contrast, the polycationic antibi-
otics tested reduced both cells and endotoxic
activity, although TB had no effect on LPS at 24
h. When PB was combined with ISE or TB
CFU/ml were found 2.5 - 5 fold less than PB
alone, whereas no effect was found on LPS un-
der these combinations vs PB alone. However
at 24h ISE+PB failed to show this synergistic re-
duction in CFU/ml, although both colony
count and endotoxic activity were still signifi-
cantly (P<0.05) reduced vs. control group of un-
treated cultures. 
The combination of PB with CTZ produced a
synergistic effect at 5 and 24 h on CFU/ml vs.
control group and vs. CTZ treated group. At 5
h CTZ+PB reduced endotoxic activity vs. CTZ
alone. CTZ+ISE significantly reduced both
colony count and LPS activity vs. untreated
control values; this combination also decreased
(P<0.05) endotoxic activity vs. CTZ treated
group.
Finally CTZ+TB was very effective in reducing
the CFU/ml (P<0.05 vs. control at 5 and 24 h
and vs. CTZ alone at 24 h). However, LPS val-
ues were reduced only at 5h vs. CTZ alone.
In order to better appreciate the changes of LPS
concentration depending on modifications to
the bacterial population due to the antimicro-
bial effect of antibiotics, the LPS/CFU ratio was
calculated. Data in Table 1 show that after 5 h of
incubation (and 4 h of antibiotic action) CTZ
produced a sharp increase in the LPS/CFU ra-
tio vs. control, while PB caused only a slight in-
crease and TB and ISE reduced the LPS/CFU
ratio vs. control group. 
After 24 h of incubation (and 23 h of antibiotic
activity) the LPS/CFU ratio was still lower for
the PB and ISE groups vs. CTZ group, while the
TB group showed a slightly higher ratio than
the CTZ group. However, at 24 h this parame-
ter did not change substantially depending on
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R595, and the E.coli LPS were used for refer-
ence. From a 25 pg/ml solution of each LPS a 25
µl volume was used for running the LAL test
and data reported as O.D. at 405 nm. The means
of the results of two experiments, carried out on
duplicate samples, were as follows: S. mal-
tophilia LPS 0.215, S. minnesota R595 LPS 0.268,
E.coli LPS 0.358, Serratia marcescens LPS 0.631, S.
minnesota wild type LPS 0.537.
From the SDS-PAGE study (Figure 2) it ap-
peared that the electrophoretic behaviour of S.
maltophilia LPS was quite similar to that of S.
minnesota R595 LPS and completely different
from that of the LPS of Serratia marcescens and S.
minnesota wild type. Indeed in the latter two
LPS a typical ladder may be seen as in most wild
type LPS , while the former two LPS showed
one major band close to the leading edge of the
lane, as in the deep rough LPS chemotypes. The
protein content of our extracted S. maltophilia
LPS was 0.34%, while S. minnesota wild type
LPS and S. minnesota R595 LPS had 0.27% and
0.80% of protein respectively.
The KDO content of the S. maltophilia LPS was
1.26%, S. minnesota wild type LPS had 2.20% of
KDO, while in the S. minnesota R595 LPS we
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Figure 1 - Bacterial counts (CFU/ml; PANEL A) and endotoxin activity (EU/ml; PANEL B), evaluated in
Stenotrophomonas maltophilia culture samples and their filtrates respectively.
Hatched bars represent data from antibiotic-free cultures incubated for 1 h. Open bars and closed bars refer
to 5h and 24 h cultures respectively, incubated without antibiotics (CON), with polymyxin B (PB), isepamicin
(ISE), tobramycin (TB), ceftazidime (CTZ), ISE plus PB (ISE/PB), TB plus PB (TB/PB), CTZ plus PB (CTZ/PB) TB plus
ISE (TB/ISE), CTZ plus ISE (CTZ/ISE), CTZ plus TB (CTZ/TB). Data are expressed as Mean ±SEM of four experiments.
* P<O.O5 vs Control antibiotic-free group of data (CON) regarding the same parameter at the same time of in-
cubation.
‡ P<0.05 vs CTZ group of data (CTZ) regarding the same parameter at the same time of incubation.

Table 1 - Effects of polymyxin B, isepamicin, to-
bramycin and ceftazidime on the ratios of endotoxin
release, as evaluated by chromogenic LAL test, to
change into log10 CFU/ml (LPS/CFU ratio) found in
M9 cultures of S. maltophilia.

LPS/CFU ratio
Antibiotics 5 h 24 h

Control 2,533 3,632

Polymyxin b (PB) 3,253 6,431

Isepamicin (ISE) 1,285 7,628

Tobramycin (TB) 1,516 9,594

Ceftazidime (CTZ) 7,658 8,501

LPS/CFU ratios are calculated in terms of change in LPS
concentration expressed as EU/ml, divided by the change in
log10 CFU/ml. Such changes are considered over the period
of time from pre-antibiotic baseline to the above indicated
times.

the antibiotic used, as was obvious after 5 h of
incubation.
Characterization of S. maltophilia LPS Endotoxic-
ity of extracted LPS was evaluated by the LAL
test and the above reported LPS from Serratia
marcescens, S. minnesota wild type, S. minnesota
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found 12.99% of KDO. Our preliminary results
(data not shown) suggested that phosphate and
hexose content were close to those already re-
ported by other investigators for LPS from S.
maltophilia.

Antibiotic neutralization of isolated LPS To further
address the reduction in LPS activity (particu-
larly found in 5 h filtrates), associated to the use

Figure 2 - SDS-PAGE analysis of LPS from different
gram-negative bacteria. LPS was visualized after sil-
ver stain following the technique reported by Hitch-
cock and Brown [26].
In lane 1 the prestained SDS-PAGE “Broad range”
standards (Bio-Rad) including aprotinin (7kD),
lysozyme (20.4 kD), soybean trypsin inhibitor (29.6
kD), carbonic anhydrase (34.9 kD), ovoalbumin (47.7
kD), bovine serum albumin (88 kD), ß-galactosidase
(125 kD) can be seen. As reference compounds we
co-electrophoresed in lane 2 the LPS from S. min-
nesota wild strain (10 µg), in lane 3 and 4 a smooth
type LPS from Serratia marcescens (10 and 20 µg, re-
spectively), in lanes 5 and 6 a Re chemotype LPS
from Salmonella minnesota R595 (10 and 20 µg, re-
spectively). In lanes 7 and 8 the LPS from
Stenotrophomonas maltophilia (10 and 20 µg, re-
spectively) can be seen.
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Figure 3 - Effect of ceftazidime (CTZ), isepamicin (ISE), polymyxin B (PB) and tobramycin (TB), on the reactiv-
ity of Salmonella minnesota R595 LPS (R595, 50 pg/ml; PANEL A) and Stenotrophomonas maltophilia LPS (CON,
50 pg/ml; PANEL B) measured by LAL test. Data are means ±SEM of four experiments.
* P<0.05 vs antibiotic-free LPS (CON) within the same panel, by Fisher’s PLSD test.
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of PB, ISE and TB in the bacterial cultures, we
evaluated the neutralization of the extracted S.
maltophilia LPS and of a standard deep rough
LPS (S. minnesota R595) using the experimental
approach of the reduction of the reactivity of
LPS in the LAL test. As shown in Figure 3, an
antibiotic/LPS ratio of 1/5 or higher was able to
decrease significantly the reactivity of both the
LPS in the model used. CTZ reduced the reac-
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tivity of S. minnesota R595 LPS and S. maltophilia
LPS by 94.6% and 97% respectively, while ISE
decreased the reactivity of Salmonella LPS and
Stenotrophomonas LPS by 11% and 33.1%, re-
spectively. Also PB reduced the reactivity of the
two LPS by 15.9% and 60.8% respectively and fi-
nally TB reduced the reactivity of Salmonella
LPS by 34.2% and that of Stenotrophomonas
LPS by 54.0%. The substantial decrease of per-
centage reactivity in isolated S. maltophilia LPS
in the presence of ISE is consistent with the low-
est LPS/CFU ratio found (Table 1) among 5 h
samples from antibiotic-treated cultures.

Whole blood experiments assessing filtered media
from antibiotic-treated cultures: TNFαrelease Fig-
ure 4 (panel TNFα) shows the effects of S. mal-
tophilia extracted endotoxin and S. maltophilia
culture filtrates either untreated or treated with
antibiotics and their combination on TNFα re-
lease in human whole blood. Untreated filtrates
of S. maltophilia cultures increased the level of
TNFα in human whole blood. ISE and TB,
which both decrease LPS activity in the filtrates,
reduced the TNFα in the ex vivo model used.
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Figure 4 - Effect of filtrates of Stenotrophomonas cul-
tures without antibiotics (CON) or treated with
polymyxin B (PB), isepamicin (ISE), tobramycin (TB) and
ceftazidime (CTZ), ISE plus PB (ISE/PB), TB plus PB
(TB/PB), CTZ plus PB (CTZ/PB) TB plus ISE (TB/ISE), CTZ
plus ISE (CTZ/ISE), CTZ plus TB (CTZ/TB) and
Stenotrophomonas isolated LPS (LPS) on TNF?, IL-8 and
Nitrite release in human whole blood. Open bars and
closed bars refer to 5h and 24h cultures respectively.
Data are expressed as mean ± SEM of four experiments
performed with blood samples from different donors.
* P<0.05 vs antibiotic-free culture filtrate data (CON) at
the same time of incubation, by Fisher’s PLSD test. ‡
P<0.05 vs CTZ group of data (CTZ) at the same time of
incubation, by Fisher’s PLSD test.

Surprisingly the filtrates from PB-treated cul-
tures, which contained low level of endotoxic
activity, were able to increase TNFα release sig-
nificantly. The lowest levels of TNFα were
found in the blood samples stimulated with fil-
trates from aminoglycoside treated cultures
and particularly when ISE or TB were com-
bined with CTZ. Indeed, the modest effect of
the LPS purified of Stenotrophomonas is sug-
gestive of the possibility that bacterial products
other than LPS might be involved in TNFα
stimulation beside endotoxin

IL-8 release Data concerning IL-8 release are re-
ported in Figure 4 (panel IL-8) and more closely
follow endotoxin activity found in the filtrates
used for blood stimulation. IL-8 release stimu-
lated by LPS isolated by Stenotrophomonas are
consistent and similar to the IL-8 stimulated by
filtrates of untreated controls, suggesting a role
of physiologically released LPS in stimulation
of this chemokine. At 4 h blood samples stimu-
lated by filtrates from cultures treated with
CTZ showed the highest IL-8 values vs. control
group. CTZ+ISE and CTZ+TB showed a signif-
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icantly lower IL-8 concentration vs. filtrates of
cultures treated with CTZ alone. In blood sam-
ples incubated for 24 h, a general consistency
was found between IL-8 concentrations and
LPS activity in culture filtrates, with the excep-
tion of CTZ+ISE and TB+ISE groups.

IL-10 release From a basal level of 2.32±0.57
pg/ml, antibiotic-free culture filtrates produced
an increase in IL-10 levels to 64±23 pg/ml at 4h
and to 556±100 pg/ml after 24h. Filtrates of cul-
tures treated with the antibiotics used and their
combinations were unable to produce any sig-
nificant change in IL-10 whole blood levels vs
control culture filtrates or vs. CTZ-treated cul-
ture filtrates (data not shown). However filtrates
from cultures treated with ISE+PB significantly
reduced (P<0.05) IL-10 (157±18 pg/ml) vs. con-
trol untreated culture filtrates (556±100pg/ml)
after 24h of whole blood incubation.

NO production When filtrates of cultures treated
with different combinations of antibiotics were
incubated in whole blood samples, both 4 and

24h, the nitrite concentrations found correlated
quite well with the LPS activity measured in
culture filtrates. Filtrates from cultures treated
with the polycationic antibiotics used combined
to CTZ stimulated significantly less whole
blood nitrite than filtrates from cultures treated
by CTZ alone (Figure 4, panel Nitrite). 

BPI release Changes of BPI in whole blood con-
sistently followed endotoxin activity in culture
filtrates used for blood stimulation. Filtrates
from CTZ-treated cultures significantly in-
creased the BPI concentrations in blood sam-
ples incubated for 4 and 24 h, while addition of
PB to CTZ decreased significantly such an in-
crease at 4 and 24 h; also ISE reduced the CTZ-
mediated increase in BPI but the difference was
significant only at 4h of incubation of blood
samples (Table 2). Moreover, the decrease in
BPI level stimulated by filtrates derived from
cultures treated with CTZ+PB and CTZ+ISE vs.
CTZ alone was particularly interesting.

n DISCUSSION

A physiological release of LPS, often associated
to other virulence factors, has been studied for
many different species of gram-negative organ-
isms including pseudomonals [12, 15] and may
represent the bacterial first line of attack during
infection. Our results concerning CTZ effects on
colony count and LPS activity are in agreement
with those of other investigators who studied
interaction among CTZ and pseudomonadales
[15, 30] or enterobacteria [31].
It has been reported that ceftazidime molecules
pass through porin channels of gram-negative
bacteria outer membrane and arrive in the
periplasmic space, where they show a high
affinity for penicillin binding protein 3 (PBP 3).
The inhibition of PBP 3 leads the bacterial cell to
elongate and to shed LPS. When at higher an-
tibiotic concentrations also PBP1a starts to be
inhibited, then the cell will lyse and die [15, 32].
Thus the LPS arising from elongation and/or
lysis processes of bacteria could not be neutral-
ized by CTZ as our data showed in the CTZ-
neutralization of isolated LPS experiments. The
inability of this β-lactam to neutralize the LPS
confirms our previously observation [23].
By contrast, polycationic antibiotics decreased
both the bacterial count values and LPS activ-
ity. The effect of such antibiotics on
Stenotrophomonas cultures, in terms of LPS

Table 2 - Effect of filtrates of Stenotrophomonas cul-
tures treated with polymyxin B (PB), isepamicin (ISE),
tobramycin (TB) and ceftazidime (CTZ) and their as-
sociations and Stenotrophomonas isolated LPS on
Bactericidal Permeability increasing Protein (BPI) re-
leased in human whole blood.

BPI (ng/106 PMN)

Treatment 0 h 4 h 24 h
None 1.14±0.03
Control 7.88±2.29 21.47±4.98
PB 8.83±1.84 23.31±1.20
ISE 11.00±3.79 23.64±4.20
TB 13.34±3.82 21.89±5.12
CTZ 16.78±1.15* 36.23±0.68*
ISE-PB 8.80±1.19 26.46±2.39
TB-PB 10.62±0.48 28.21±1.76
CTZ-PB 7.60±2.06‡ 25.91±1.41‡
TB-ISE 16.45±4.70 25.59±1.86 
CTZ-ISE 6.65±1.41‡ 32.06±6.80
CTZ-TB 10.36±2.87 30.44±2.51 
LPS 6.86±1.63 24.82±3.88

Data are expressed as Mean ± SEM of 4 experiments.
* P<0.05 vs. Control group of data at the same time of
incubation, by Fisher’s PLSD test.
‡ P<0.05 vs. CTZ group of data at the same time of in-
cubation, by Fisher’s PLSD test.
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activity, represents a novel finding and al-
though several aminoglycosides and/or
polymyxins have been used against Escherichia
coli, Haemophilus influenzae, Enterobacter cloacae
following different in vitro models [31, 33-35],
this is the first report on both early (4h) and
late (24h) effects of antipseudomonal antibi-
otics on S. maltophilia LPS activities.
Of particular interest is the combination of a b-
lactam and an aminoglycoside (CTZ+ISE).
The stronger neutralization exhibited by isepa-
micin on Stenotrophomonas LPS in comparison
to polymyxin B could be explained by a rich
electrostatic interaction of endotoxin with
aminoglycosides. Pseudomonas LPS has been
found to contain 12 phosphates and 3 Keto-De-
oxyoctonates (KDOs) in its core and lipid A
moieties. Such a rich negative charge has been
suggested to account for the profound lytic ef-
fect of gentamicin, whose isepamicin is a deriv-
ative, on envelopes of such gram-negatives [36].
Our data on LPS/CFU ratio underline the
paramount importance of the right choice of
antibiotic molecule during the early steps of a
sepsis, when an optimal antimicrobial should
kill bacteria without rapid release of large
amounts of LPS and other toxic substances.
The clinical role of antibiotic-induced (particu-
larly ß-lactam-induced) LPS release has also
been investigated and should be borne in mind
by any physician before the use of antimicro-
bials in severe infections and sepsis [37]. In an
in vitro model, ß-lactams including CTZ have
been reported to release up to 61.9% of bacter-
ial LPS within the first hour, while PB and the
aminoglycoside gentamicin released only
13.5% and 9.8% respectively of bacterial LPS
during the same time period [32].
Dealing with the characterization of S. mal-
tophilia LPS both the electrophoretic behaviour
and the LAL-reactivity are very close to those
of S. minnesota R595. Indeed, the general archi-
tecture of our S. maltophilia strain, grown at
37°C, is most probably rough-like, as shown by
SDS-PAGE analysis and as reported in the lit-
erature [4]. Also this LPS has been shown to
contain galacturonic acid, a number of phos-
phate groups and KDO, all of which are highly
electronegative groups. Also the lipidic frac-
tion of the LPS of Stenotrophomonas contains
fatty acids (e.g. 9-methyl-decanoic acid, 3-hy-
droxy-9-methyldecanoic acid and 2-hydroxy-9-
methyldecanoic acid) and other compounds
which are unusual in lipid A of enterobacteri-
aceae [38]. Such peculiar lipidic components of

LPS of S. maltophilia may hamper the neutral-
ization of such LPS by polymyxins, but not by
aminoglycosides [4, 23, 38], which lack such a
lipid-to-lipid interaction. Moreover, the hy-
pothesis of contact between a hairpin loop-like
portion of polymyxin B and the lipid A /inner
core of LPS requires the closest possible struc-
ture to enterobacterial LPS[39].
The decreased reactivity of extracted LPS by an
antibiotic/LPS ratio of 1/5 or higher further
points to the reduction in LPS activity particu-
larly found in 5 h filtrates, associated to the use
of PB, ISE, and TB in the bacterial cultures. The
LPS of S. maltophilia has been demonstrated to
contain no heptose and when grown at 37°C it
shifts toward a lower molecular weight form (a
rough-like form with a very short polysaccha-
ride side chain) [4]. Therefore, we feel that our
model may reproduce many features regard-
ing the contact between the S. maltophilia LPS
released in the culture environment and the an-
tibiotic tested. First, the antibiotic/ LPS ratio
was close to 2/1, during both approaches; sec-
ond, the LPS of S. maltophilia grown at 37°C,
and the LPS of S. minnesota R595 are both deep
rough and heptoseless; third, we used the same
technique (LAL test) for both measurements.
Concerning whole blood data, we obtained an
unexpected increase in TNFα after stimulation
with filtrates of culture treated by PB at 4h.
Such an effect was not present when other me-
diators were studied (e.g. IL-8 particularly at
24h; nitrite and BPI at both 4 and 24h) in blood
samples treated in the same way. One possible
explanation may regard bacterial products less
sensitive to PB neutralization, undetectable by
LAL test (at the dilution 1:30,000 used), but still
potent TNFα inducers once released by antibi-
otics. Such products might include D-man-
nuronic acids frequently isolated from
Pseudomonas and highly effective in releasing
TNFα from human monocytes [40], fragments
of bacterial envelopes and membrane vesicles.
Some antibiotic-released “predatory mem-
brane vesicles” have been reported to contain
both peptidoglycan hydrolases effective
against gram-positive and gram-negative cell-
wall and a certain amount of antibiotic(s)
which may contribute to further bacterial
killing [36]. 
S. maltophilia-derived TNFα-inducing activity
has been obtained by other investigators [41]
from filtrates of bacterial cultures. Such TNFα-
inducing activity, as assessed in human
mononuclear cell supernatants, was reduced
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by 45% after 2h incubation with PB of the S.
maltophilia filtrates. The authors suggest that
the particular structure of S. maltophilia LPS or
other polymyxin B resistant, but effective in
TNFα-induction, component of the S. mal-
tophilia filtrate may account for their results.
We may agree with the finding of a poor PB-
mediated S. maltophilia LPS neutralization, but
we should include in our TNFα-inducing ac-
tivity by S. maltophilia-filtrate, the LPS -releas-
ing effect produced (beside the LPS-neutraliz-
ing action) by PB during the growth of our S.
maltophilia cultures challenged by this antibi-
otic. Dealing with PB, the balance between
neutralization and release is in favour of the re-
lease of TNFα-inducing activity in our study.
The opposite holds for the TB-ISE (at 4h), CTZ-
ISE (at 4h) and CTZ-TB (at 4h) groups, thus
suggesting significant control on the S. mal-
tophilia filtrates TNFα-inducing activity, when
ISE or TB was associated with another bacteri-
cidal antibiotic different from PB. Recently,
S.maltophilia LPS-induced TNFα release from a
human monocytic cell line in vitro was re-
ported by Zughaier et al. [42].
Moreover, using an in vivo model, other inves-
tigators studied the role of antibiotic-induced
LPS release on the pathogenesis of murine sep-
sis [43]. The first demonstration of an efficient
release of nitric oxide from human neutrophils
has been published, isolated during an infec-
tious process [44]. To our knowledge this is the
first report on the stimulating effect of S. mal-
tophilia LPS on nitric oxide release, which may
be proposed as a major mediator in the patho-
genesis of local (e.g. respiratory tract infec-
tions) and generalized inflammatory reactions
(e.g. sepsis and septic shock) produced by this
organism, whose virulence factors are still very
little studied [45].
Moreover our data strongly indicate that poly-
cationic antibiotics are significantly effective
on bacterial filtrates in their nitric oxide induc-
tion in human whole blood.
Based on BPI determination, it seems that the
endotoxic products of CTZ-treated S. mal-
tophilia cultures should be able to recruit a num-
ber of neutrophils, the most important source of
BPI, and such a phenomenon can be reduced by
aminoglycoside antibiotics added to CTZ (at 4
h). The changes of IL-8 (at 4 h) reflect those of
the BPI: an increase stimulated by CTZ-treated
culture supernatants and a decrease by CTZ
plus aminoglycoside-treated culture filtrates.
Neutrophils have been reported to increase the

synthesis and release of BPI in response to LPS
or septic challenge. Thus BPI should be consid-
ered a marker of neutrophil activation and of
their contribution to the systemic inflammatory
reaction [12, 13]. We would speculate that dur-
ing initial contact between the S. maltophilia and
the ß-lactam a large amount of endotoxic prod-
ucts might be released and, directly or by
means of IL-8 release, a number of neutrophils
may be recruited and activated. This recruit-
ment is also suggested by the changes in NO,
leading to an overwhelming inflammatory re-
action. Such worsening of the inflammatory
process may be ameliorated by aminoglyco-
sides added to a ß-lactam.
In conclusion our results suggest that antibiotic
effects on S. maltophilia endotoxic activities may
change depending on the type and combination
of antibiotic used in the cultures. The aminogly-
cosides appear more efficient than PB against
LPS of S. maltophilia. Interaction of antibiotic-
treated bacterial filtrate with human whole
blood shows various, multifactorial effects.
Namely, the antibiotics used may also affect the
mediator cascade initially stimulated by LPS,
during whole blood assays, and by a different
stimulus in other models. Jun et al. reported that
both TNFα secretion and iNOS gene expression
are significantly decreased by polymyxin B inhi-
bition of protein kinase C in macrophages stim-
ulated by taxol [46]. However combination be-
tween a ß-lactam and an aminoglycoside is of-
ten able to decrease the pro-inflammatory po-
tential of such bacterial filtrates. Our results
may have a sound clinical impact, because S.
maltophilia is frequently found in the respiratory
tract of cystic fibrosis patients [8]. Bacteremia
has been thought to be unusual, unlike endo-
toxemia. Thus our data may shed a light on the
pathogenesis of a number of severe both acute
and chronic diseases caused by S. maltophilia
and help to address the mode of action of an-
tibiotics on Stenotrophomona-stimulated patho-
genic mechanisms.

Keywords: Antibiotics, Stenotrophomonas mal-
tophilia, endotoxin
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