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The in vitro antibacterial and antibiofilm activity of chlorogenic acid against clinical isolates of Stenotrophomonas maltophilia was
investigated through disk diffusion, minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC), time-
kill and biofilm assays. A total of 9 clinical S. maltophilia isolates including one isolate resistant to trimethoprim/sulfamethoxazole
(TMP/SMX) were tested. The inhibition zone sizes for the isolates ranged from 17 to 29 mm, while the MIC and MBC values ranged
from 8 to 16 ug mL ™" and 16 to 32 ug mL ™. Chlorogenic acid appeared to be strongly bactericidal at 4x MIC, with a 2-log reduction
in viable bacteria at 10 h. In vitro antibiofilm testing showed a 4-fold reduction in biofilm viability at 4x MIC compared to 1x MIC
values (0.085 < 0.397 A 490 nm) of chlorogenic acid. The data from this study support the notion that the chlorogenic acid has

promising in vitro antibacterial and antibiofilm activities against S. maltophilia.

1. Introduction

Stenotrophomonas maltophilia is an emerging nosocomial
pathogen. Although it is an organism of a limited
pathogenicity, S. maltophilia infections has been associated
with high morbidity and mortality especially among
immunocompromised individuals. S. maltophilia, which
is a high producer of biofilm, frequently colonizes patient
secretions (respiratory, urine, and wound exudates), fluids
(intravenous fluids), catheters (central venous), and implants
used in the hospital setting. It is associated with a wide range
of infections including bacteraemia, endocarditis, meningitis,
respiratory tract, and skin and soft tissue infections [1].
Community acquired S. maltophilia infections have also
been reported especially among patients with cystic fibrosis
[2, 3]. S. maltophilia is intrinsically resistant to several classes
of antibiotics. Nosocomial S. maltophilia strains are multiple
drug resistant (MDR) and are usually less susceptible to
carbapenems, cephalosporins, penicillins, chloramphenicol,
and fluoroquinolones which severely complicates the

treatment options. Currently, the combination drug,
trimethoprim/sulfamethoxazole (TMP/SMX), remains as
the main therapy of choice worldwide [1]. But, growing
resistance to TMP/SMX has become a serious threat in the
treatment of S. maltophilia infections. In addition, problems
associated with contraindication of TMP/SMX therapy in
patients due to toxicity and intolerance, spread of acquired
mobile resistance determinants, and reduced susceptibilities
to available antibiotics [4, 5] prompt for an expanded search
of new antibacterial agents.

Chlorogenic acid is a polyphenolic natural compound
which is commonly present in plant materials such as
apples, coffee beans, grapes, pulp, peel, and tea leaves [6].
Structurally, it is an ester of caffeic acid with the 3-hydroxyl
group of a quinic acid. It has been reported to possess many
health benefits including antibacterial, antifungal, antivi-
ral, antiphlogistic, antioxidant, chemopreventive, and other
biological activities [7-12]. Extensive in vitro antimicrobial
activities and possible action mode have been reported



on a variety of Gram-positive and Gram-negative bacterial
pathogens [13].

Classical antibiotics target a specific reaction, whereas
natural antimicrobial compounds like plant polyphenols
inhibit several different groups of biomolecules in a
pathogen. Therefore, the development of resistance to such
compounds is unlikely, which makes them as an attractive
antibacterial candidate [14, 15]. In addition, synthetic antibi-
otics are more focused on planktonic cells than biofilms,
while natural antibiotic compounds are proven to inhibit
bacterial adhesion and biofilm development [16]. Since there
is a great demand for natural substances that inhibit bacterial
planktonic cells as well as biofilms, we investigated the in
vitro antibacterial and antibiofilm efficacy of chlorogenic
acid against a collection of clinical S. maltophilia isolates.

2. Materials and Methods

2.1. Bacterial Isolates and Culture Conditions. Nine clinical
isolates of S. maltophilia including one TMP/SMX resistant
isolate (MIC > 32ugmL™") as per CLSI guidelines [17]
were obtained from the Microbiology Unit at Hospital Kuala
Lumpur (HKL), Malaysia. The source of the isolates included
cerebrospinal fluid (CSE n = 1), tracheal aspirate (n = 4),
bronchoalveolar lavage (n = 1), pus (n = 2), and urine (n =
1). Bacterial samples were cultured onto nutrient agar slants
and transported to the Medical Microbiology Laboratory at
the Faculty of Medicine and Health Sciences, Universiti Putra
Malaysia (UPM). The isolates were presumptively identified
as S. maltophilia by Gram stain, catalase, oxidase, alpha
hemolysis on blood agar, fermentation on MacConkey agar,
DNase production, and mannitol fermentation on mVIA
agar medium. The isolates were further genotypically con-
firmed as S. maltophilia by single stranded PCR (SS-PCR)
[18,19]. Confirmed isolates were stored in Luria-Bertani (LB)
broth (Merck Pvt. Ltd., Selangor, Malaysia) supplemented
with 20% glycerol at —80°C. Multiple copies of working
cultures stored at —20°C were thawed in ice and used for
further experiments. No culture stocks (—20°C) were used
more than two times as repeated passaging may lose some
of the bacterial properties.

2.2. Chemicals. Chlorogenic acid, tetrazolium (XTT) and
menadione were purchased from Sigma Aldrich (St. Louis,
MO, USA). Dimethyl sulfoxide (DMSO) and bacterial
growth media such as Mueller-Hinton agar (MHA), Mueller-
Hinton broth (MHB), Luria-Bertani (LB) broth, and Brain
Heart Infusion broth (BHI) were purchased from Merck
Pvt. Ltd., Selangor, Malaysia. Stock solution (64 mgmL™") of
chlorogenic acid was prepared in 10% DMSO (Merck Pvt.
Ltd., Selangor, Malaysia) and different concentrations of the
test antibacterial material were prepared by serial dilution
ranging from 32 to 0.25 mg mL ™. Serially diluted chlorogenic
acid was stored in sterile eppendorf tubes awaiting further
investigation.

2.3. Disk Diffusion Assay. The antibacterial activity of chloro-
genic acid against S. maltophilia was assessed by the disk
diffusion method [20]. Isolates were grown in LB broth to
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a turbidity of 0.5 McFarland standards and, using sterile
cotton swabs, the bacterial inoculum was spread onto MHA
plates by lawn culture. Sterile antibiotic assay filter paper discs
(Whatman, GE Healthcare, Malaysia) of 6 mm diameter were
placed on MHA plates and 20 uL of chlorogenic acid from
each sets ranging from 0.25 to 32mgmL™" (0.25, 0.5, 1, 2,
4, 8, 16, and 32) was carefully loaded onto the filter paper
discs. TMP/SMX antibiotic disc (Oxoid Limited, Hampshire,
UK) was included as an antibiotic control, while paper disc
impregnated with 20 uL of DMSO (10%) was used as a
negative control. S. maltophilia ATCC 13637 was included as
a quality control. All plates were incubated at 37°C for 24 h
until visible growth was observed and the inhibition zones
formed around the filter papers discs were measured and
compared with the control antibiotic. The experiment was
performed in triplicates.

2.4. Susceptibility Testing. The minimum inhibitory concen-
tration (MIC) of chlorogenic acid for S. maltophilia was
determined by broth dilution method as described previously
by Schwalbe et al. [21]. For MIC testing, chlorogenic acid
at a concentration of 1024 ygmL ™" was prepared from the
previously prepared stock solution. Briefly, 11 sterile screw
capped test tubes (10mm x 100mm) 1 through 11 were
labeled and arranged in a rack. Tubes 2-11 were loaded
with 500 uL of sterile MHB and 500 uL of chlorogenic acid
from the freshly prepared stock solution (1024 ugmL™")
was pipetted into tubes 1 and 2. Twofold serial dilution
was performed by transferring 500 yL of the mixture from
tube 2 to tube 3 and successive transference was continued
through tube 9. To avoid carryover of antibiotic, pipette tips
were changed between each tube. From tube 9, 500 uL of
the solution was discarded. Tube 10 was used as a growth
control and received no antibiotic. Except the 11th tube
(broth control), all tubes were inoculated with 500 uL of
bacterial inoculum (106 CFU mLfl) and incubated at 37°C
for 24 h. After incubation, the lowest concentration of the
antibiotic at which no visible growth occurred was considered
as MIC. Minimum bactericidal concentration (MBC) was
determined by spread plating 100 uL of the broth from clear
wells onto MHA plates followed by incubation at 37°C for
24h. The lowest concentration of an antimicrobial agent
at which all the cells were killed is defined as MBC. The
experiment was performed in triplicates.

2.5. Time-Kill Assay for Detecting the Bactericidal Effect of
Chlorogenic Acid. The killing kinetics of chlorogenic acid at
0x, 1/2x, 1x, 2x, and 4x MIC values was determined by the
method described previously [22] with minor modifications.
Different concentrations of chlorogenic acid were added
to each tube containing 4.5mL of MHB. The tubes were
inoculated with 5 x 10° colony forming unit (CFU mL™)
of S. maltophilia ATCC 13637 strain grown in BHI broth
(Merck Pvt. Ltd., Selangor, Malaysia) and incubated at 37°C
in an orbital shaker, set at 130 rpm. Tube without chlorogenic
acid served as growth control (0x). An aliquot of 100 uL was
collected at 0 min, 2.5h, 5h, 10h, and 24 h postinoculation.
Tenfold serial dilution of broth culture was plated onto MHA
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plates and the CFU mL™" of each sample was determined by
a spread plate technique incubated upon further incubation
for 24 h. The experiment was performed in duplicates.

2.6. Effect of Chlorogenic Acid on S. maltophilia Performed
Biofilms. In order to test the efficacy of chlorogenic acid
on biofilm, S. maltophilia ATCC 13637 was subjected to
biofilm formation by the method described by Peeters et al.
[23] with the following modifications. The test strain was
grown in BHI broth and when the cells reached to a turbidity
of 0.5 McFarland standard, cell suspensions were added to
48 wells of a flat-bottomed polystyrene 96-well polystyrene
microtiter plate (Orange Scientific, Belgium). To ensure
proper adhesion of bacterial cells to the polystyrene surface,
the plate was incubated at 37°C for 24 h at static conditions.
Following 24 h of adhesion and biofilm formation, planktonic
cells were removed from the wells and the plate was rinsed
with 100 uL of phosphate buffered saline (PBS). Cells adhered
to the polystyrene microtitre plate were treated with 100 uL
of chlorogenic acid at 1x, 2x, and 4x MICs. For biofilm
experiment, 24 wells of a microtiter plate inoculated with
100 pL of these dilutions were considered as “treated” and 24
control wells without the test compound were considered as
“nontreated” Nontreated cells were incubated with 100 L of
DMSO (10%) which served as a negative control. The plate
was further incubated for 12h at 37°C with gentle shaking
and the quantification of biofilm was carried out by XTT
calorimetric assay as mentioned below. The experiment was
repeated two times in order to achieve reproducibility.

2.7. Biofilm Quantification by XTT Assay. A modified XTT
assay [23] was carried out to quantify the S. maltophilia
performed biofilms on polystyrene microtitre plates. Briefly,
0.4mg of XTT in 1mL PBS was mixed with 10uL of
menadione in 10mL acetone (Merck Pvt. Ltd., Selangor,
Malaysia). The contents were mixed thoroughly and 100 uL of
the XTT/menadione solution was added to all wells followed
by incubation in the dark at 37°C for 5 h. The contents of the
wells were microfuged at 15,000 g for 4 min and 100 uL of
clear supernatant from each well was transferred to a fresh
96-well flat-bottomed microtiter plate before the absorbance
was read at 490 nm using (BioTek EL808, USA) a microplate
reader.

Statistics. Statistical analysis was performed using SPSS ver-
sion 16.0 software 2007 (SPSS Inc., Chicago, IL). All assays
were performed at least in duplicates. For biofilm inactivation
studies, mean values between treated and untreated samples
were tested for significance by Student’s ¢-test. The significant
difference in biofilm reduction at different concentrations
of chlorogenic acid was compared with the control (strain
without the test compound was normalized as 100%). The
significant level was set at P < 0.05.

3. Results

3.1. Characterization of Isolates. All the isolates were
confirmed as S. maltophilia by phenotypic and genotypic

methods. Eight isolates were susceptible to TMP/SMX by
disk diffusion, whilst one isolate (isolate number 4) from CSF
was found to be TMP/SMX resistant (MIC > 32 ugmL ")
and interpreted according to CLSI guidelines.

3.2. Disk Diffusion Assay. The results obtained from disk
diffusion test are illustrated in Table 1. The zone of inhibition
ranged between 17-29mm at 32mgmL~" of chlorogenic
acid and a consistent increase in zone sizes were observed
at increasing concentrations of the chlorogenic acid. The
maximum activity was observed at 32 mgmL~" with a zone
size of 29 mm. The compound was highly active against 3
isolates (n = 4, 30, and 49) and a representative antibacterial
pattern of chlorogenic acid against S. maltophilia ATCC
13637 is shown in Figure 1. Chlorogenic acid was found to
be antibacterial against all the clinical isolates including the
TMP/SMX resistant strain.

3.3. MIC and MBC Determination. The results of the MIC
indicated that chlorogenic acid inhibited all the bacterial
isolates tested and the respective MIC and MBC values
of chlorogenic acid for S. maltophilia were presented in
Table 1. The MICs were in the range of 8 to 16 ugmL ™"
in which 7 isolates were inhibited at 8 ygmL™" and 2
isolates were inhibited at 16 ygmL . Isolate number 4 being
TMP/SMX resistant was also susceptible to chlorogenic acid
at 16 ugmL~". Meanwhile, the MBCs of chlorogenic acid for
S. maltophilia ranged between 16-32 ugmL ™.

3.4. Analysis of Bacterial Killing Kinetics. Time-kill assay
indicated that S. maltophilia ATCC 13637 cells grown in
MHB maintained their viability for at least 24 h of incubation,
whereas S. maltophilia treated with chlorogenic acid at
increasing concentrations (8, 16,and 32 ug mL ") killed more
than 90% of the cells and no viable cells could be enumerated
after 12h of incubation. Twofold and four fold MICs of
chlorogenic acid inhibited the growth in 10 h demonstrating
adose-dependent killing property of chlorogenic acid (Figure
2). The bactericidal endpoint for S. maltophilia at 4x and 1x
MIC was achieved at 10 h and 12 h time points, respectively,
with an approximate reduction of CFU by 2 log units (99.9%).

3.5. Biofilm Inhibition with Chlorogenic Acid. Challenging
biofilms of S. maltophilia ATCC 13637 with chlorogenic
acid at increasing concentrations of MIC showed significant
reduction in biofilm viability. The effect of chlorogenic acid
tested at 1x, 2x, and 4x MICs on the viability of established
biofilms (Figure 3) was generally dose dependent. Compared
to 1x MIC (8 ugmL™"), chlorogenic acid at 32 ugmL™" (4x
MIC) exhibited greater activity against S. maltophilia biofilms
with a 4-fold reduction (0.085< 0.397 A 490 nm) in biofilm
viability.

4. Discussion

There exists a global threat for the existing antimicrobial
agents due to the widespread emergence of microbial drug
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TABLE 1: Zone of inhibitions, MICs, and MBCs of chlorogenic acid against S. maltophilia.

Isolate number Zone of inhibition in diameter (mm)* MIC_ MB(_?
20 ul of chlorogenic acid (32 yg mL™") TMP/SMX" (30 7y} DMSO (10%) (ugmL™") (ugmL e
4 29 0 — 16 32
16 20 32 — 8 32
24 17 31 — 8 32
26 18 31 — 8 32
30 27 32 — 8 16
40 19 32 — 8 32
49 26 32 — 8 16
51 24 32 — 16 32
53 25 32 — 8 32
ATCC 13637 27 31 — 8 16

"Determined by disk diffusion assay.

b Trimethoprim/sulfamethoxazole.
“Determined by macrobroth dilution method.
4Determined by plate colony count technique.
—: No zone of inhibition.

FIGURE 1: Effect of chlorogenic acid (32mgmL™") applied to
a blank filter paper disk on MHA plate inoculated with S.
maltophilia ATCC 13637. Caffeic acid which is an ester of
chlorogenic acid also showed similar zone size. CF:caffeic acid,
CH:chlorogenic acid, TMP/SMX:trimethoprim/sulfamethoxazole
(30 pg), and DMSO:dimethyl sulfoxide (10%).

resistance. The discovery and development of new antibiotics
to fight the “superbugs” still remain a great challenge for
researchers. Since the emergence of bacterial drug resistance
remains at full pace, novel antimicrobial agents to counter
antibiotic-resistant organisms have great demands in the
market [24]. Opportunistic pathogens like S. maltophilia are
frequently encountered in hospitalized patients implanted
with indwelling medical devices like catheters, prosthetic
heart valves, contact lenses, and so forth [25-27]. Both clin-
ical and environmental isolates of S. maltophilia are capable
of adhering to biotic and abiotic surfaces such as glass, plastic
materials, polyvinyl chloride, and Teflon [28, 29]. This study
is one of the first reports demonstrating the antibacterial
and antibiofilm activities against S. maltophilia. Our results
demonstrate that chlorogenic acid is very active against S.
maltophilia, including the TMP/SMX resistant strain (MIC

> 32 ugmlL ™). Previously, chlorogenic acid and chlorogenic

acid containing plant materials have been shown to have
antiviral [30], antifungal [11, 31], and strong antibacte-
rial activities. Several Gram-positive (Staphylococcus aureus,
Streptococcus pneumoniae, Streptococcus mutans and Bacillus
subtilis) [13, 16, 19, 31] and Gram-negative (Salmonella
typhimurium, Shigella dysenteriae, and Escherichia coli) [13]
bacterial pathogens have been reported to be highly suscep-
tible to chlorogenic acid. At a concentration of 32 ugmL™",
chlorogenic acid was able to produce larger zones on MHA
plates ranging from 17 to 29 mm. The zone sizes are compara-
ble with the control antibiotic TMP/SMX (30 ug). Compared
to the TMP/SMX susceptible isolates, chlorogenic acid was
highly active against the TMP/SMX resistant strain isolated
from CSE

The compound has greater solubility in DMSO which
makes it more permeable as well as promoting its bacteri-
cidal property. Pure chlorogenic acid is effective in killing
S. maltophilia clinical isolates with MICs ranging between
8-16 ugmL™". The antibiotic resistant strain was inhibited
at 16 uygmL ™. The compound also extended its antibacterial
activity against other pathogens like Acinetobacter iwoffii,
methicillin resistant S. aureus, and Pseudomonas aeruginosa
determined by disk diffusion test in our earlier investigation
of chlorogenic acid against an array of bacterial pathogens
(data not shown). A recent study by Lou et al. [13] has
shown that chlorogenic acid has broad spectrum antibacterial

activity with MIC ranging from 20 to 40 ug mL™! against

Gram-positive and 20 to 80 ug mL™! against Gram-negative
organisms. However, this is the first report on a natural
compound against S. maltophilia with low MIC values which
is slightly less than other gram-negative organisms reported.
Although the precise mechanism of action of chlorogenic
acid is not completely understood, a recent study by Li
et al. have suggested that chlorogenic acid or chlorogenic
acid related derivatives from plants could possibly inhibit
certain enzymes involved in the bacterial fatty acid synthesis,
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FIGURE 2: Effect of chlorogenic acid on the viability of S. maltophilia
ATCC 13637 in liquid medium (time-kill curve). S. maltophilia
ATCC 13637 grown at 37°C in the presence of chlorogenic acid at
concentrations of 0 (@), 4 (M), 8 (a), 16 (x), and 32 (e) ug mL™
(1/2%, 1x, 2x and 4x MIC) with control (0 MIC). MIC: minimal
inhibitory concentration; CFU: colony-forming units.

such as Fabl and FabG [22]. This supports the notion that
chlorogenic acid being a polyphenolic compound has strong
inhibitory effects against S. maltophilia. Meanwhile, chloro-
genic acid also significantly increased the permeability of
outer membrane and plasma membrane in S. dysenteriae and
S. pneumoniae which resulted in the leakage of cytoplasmic
contents including nucleotides [13].

Previous in vitro antimicrobial studies using chlorogenic
acid [13, 16, 19, 31] have reported the antimicrobial potential
of the compound, but none has investigated the bactericidal
activity of chlorogenic acid against emerging pathogens like
S. maltophilia. Knowledge on killing kinetics of chlorogenic
acid will be highly useful in the mechanism of action,
transcription analysis, and gene expression studies. In S.
maltophilia, killing was observed at a lower concentration
of chlorogenic acid due to its lower MIC (8-16 ugmL ™).
A concentration dependent killing was observed in case of
S. maltophilia, where a 2x and 4x MICs exhibited strong
bactericidal activities in 10 h. At subinhibitory concentration
(0.5x MIC), a slight decrease in the colony count was
observed initially. However, bactericidal activity was not
detected and there was an evidence of regrowth after 5, 10,
and 24 h of incubation. A rapid decrease in colony count was
observed between 5-10 h of incubation and complete killing
was achieved after 10 h at 2x and 4x MICs. At 1x MIC, the
killing time of chlorogenic acid was at 12 h. These findings
were partly in agreement with the observations made earlier
by Lou et al. [13] who reported the bactericidal activity at
12 h when tested with ethyl acetate fraction of burdock leaves
containing chlorogenic acid on food related Gram-positive
and Gram-negative pathogens.

Very few studies have been reported on the effect of
chlorogenic acid on biofilm formation. Against S. maltophilia
biofilms, chlorogenic acid showed bactericidal activity. A
recent study by Stauder et al. [16] showed that coffee

0.7

Absorbance (490 nm)

1x 2x 4x
MIC of chlorogenic acid
B Control
B Reading

FIGURE 3: Effect of chlorogenic acid on biofilm viability of S.
maltophilia ATCC 13637 at concentrations of 8, 16, and 32 ug mL™!
(1x, 2x, and 4x MIC) with control (0 MIC). Comparison of
absorbance between control and treated samples at 490 nm by
XTT assay. XTT, 2,3-bis(2-methoxy-4-nitro-5-sulfo-phenyl)-2H-
tetrazolium-5-carboxanilide; MIC: minimal inhibitory concentra-
tion.

high molecular weight (cHMW) melanoidin compounds
containing chlorogenic acid as one of the active components
were able to abolish S. mutans (major causative agent of
human dental caries) biofilms in vitro. In this study, we
observed a significant 4-fold reduction in biofilm viability at
4x MIC concentration (32 ugmL™") of chlorogenic acid. S.
maltophilia is capable of attaching to polystyrene wells in less
than 2h of incubation; however, maximum biofilm growth
endpoint on the surface of polystyrene wells occurs at 24 h
[32]. Although, biofilm experiment remains time consuming
because of the slow growing property of S. maltophilia, the
microtiter well plate method and XTT assay were found
to be suitable, reproducible, and quantitative methods. To
the best of our knowledge, no data exist concerning natural
product activity against S. maltophilia biofilms. In the present
study, for the first time, we tested the effects of different
concentrations of chlorogenic acid on S. maltophilia per-
formed biofilms. Our results showed that chlorogenic acid
at 1x, 2x, and 4x MICs significantly reduced the adhesion of
S. maltophilia to polystyrene in a dose-dependent manner.
These findings could be of interest because S. maltophilia is
resistant to commonly available broad spectrum antibiotics,
including $-lactams, aminoglycosides, and quinolones [3].

5. Conclusions

In conclusion, the findings of this study highlight the antibac-
terial and antibiofilm properties of chlorogenic acid against
emerging nosocomial pathogen S. maltophilia. Complete
eradication of microbial biofilms still remains a crucial step
and a great challenge for clinicians and researchers. Super-
bugs like S. maltophilia are strong biofilm producers with
intrinsic resistance to many antibiotics. Natural antimicrobial
agents like chlorogenic acid which is ecologically safe and



less hazardous than synthetic bactericides displayed promis-
ing antistenotrophomonas activity on planktonic as well as
biofilm forms of S. maltophilia. Therefore, chlorogenic acid
could be used as a safe alternative to synthetic antimicrobial
drugs or in antimicrobial combinations against S. maltophilia
infections.

Conflict of Interests

The authors have no conflict of interests.

Acknowledgment

This study was supported by the Ministry of Higher Edu-
cation (MOHE), Malaysia, through the Research University
Grant Scheme (RUGS) 05-02-12-2191 RU.

References

[1] M. E. Falagas, P. E. Valkimadi, Y. T. Huang, D. K. Matthaiou,
and P. R. Hsueh, “Therapeutic options for Stenotrophomonas
maltophilia infections beyond co-trimoxazole: a systematic
review;” Journal of Antimicrobial Chemotherapy, vol. 62, no. 5,
pp. 889-894, 2008.

[2] R. J. Bywater and M. W. Casewell, “An assessment of the
impact of antibiotic resistance in different bacterial species and
of the contribution of animal sources to resistance in human
infections,” Journal of Antimicrobial Chemotherapy, vol. 46, no.
4, pp. 643-645, 2000.

[3] M.Dentonand K. G. Kerr, “Microbiological and clinical aspects

of infection associated with Stenotrophomonas maltophilia,”

Clinical Microbiology Reviews, vol. 11, no. 1, pp. 57-80, 1998.

R. Barbolla, M. Catalano, B. E. Orman et al.,, “Class 1 inte-

grons increase Trimethoprim-sulfamethoxazole MICs against

epidemiologically unrelated Stenotrophomonas maltophilia iso-

lates,” Antimicrobial Agents and Chemotherapy, vol. 48, no. 2,

Pp. 666-669, 2004.

[5] M. A. Toleman, P. M. Bennett, D. M. C. Bennett, R. N.

Jones, and T. R. Walsh, “Global emergence of trimetho-

prim/sulfamethoxazole resistance in Stenotrophomonas mal-

tophilia mediated by acquisition of sul genes,” Emerging Infec-

tious Diseases, vol. 13, no. 4, pp. 559-565, 2007.

S. Fattouch, P. Caboni, V. Coroneo et al., “Antimicrobial

activity of tunisian quince (Cydonia oblonga Miller) pulp and

peel polyphenols extracts,” Journal of Agricultural and Food

Chemistry, vol. 55, no. 3, pp. 963-969, 2007.

[7] E A. Ayaz, S. Hayirlioglu-Ayaz, S. Alpay-Karaoglu et al., “Phe-
nolic acid contents of kale (Brassica oleraceae L. var. acephala
DC.) extracts and their antioxidant and antibacterial activities,”
Food Chemistry, vol. 107, no. 1, pp. 19-25, 2008.

[8] J. Bouayed, H. Rammal, A. Dicko, C. Younos, and R. Souli-
mani, “Chlorogenic acid, a polyphenol from Prunus domestica
(Mirabelle), with coupled anxiolytic and antioxidant effects,”
Journal of the Neurological Sciences, vol. 262, no. 1-2, pp. 77-84,
2007.

[9] Y. M. Chiang, D. Y. Chuang, S. Y. Wang, Y. H. Kuo, P. W. Tsai,

and L. E Shyur, “Metabolite profiling and chemopreventive

bioactivity of plant extracts from Bidens pilosa,” Journal of

Ethnopharmacology, vol. 95, no. 2-3, pp. 409-419, 2004.

Y. Sato, S. Itagaki, T. Kurokawa et al., “In vitro and in vivo

antioxidant properties of chlorogenic acid and caffeic acid;

[4

[6

(10]

(11]

(12]

(13

(14]

(15]

[16]

[17]

(18]

(19]

[20]

(21]

[24]

(25]

BioMed Research International

International Journal of Pharmaceutics, vol. 403, no. 1-2, pp.
136-138, 2011.

W.S. Sung and D. G. Lee, “Antifungal action of chlorogenic acid
against pathogenic fungi, mediated by membrane disruption,”
Pure and Applied Chemistry, vol. 82, no. 1, pp. 219-226, 2010.

G. FE Wang, L. P. Shi, Y. D. Ren et al., “Anti-hepatitis B virus
activity of chlorogenic acid, quinic acid and caffeic acid in vivo
and in vitro]” Antiviral Research, vol. 83, no. 2, pp. 186-190,
20009.

Z. Lou, H. Wang, S. Zhu, C. Ma, and Z. Wang, “Antibacterial
activity and mechanism of action of chlorogenic acid,” Journal
of Food Science, vol. 76, no. 6, pp. M398-M403, 2011.

J. J. Harrison, R. J. Turner, D. A. Joo et al., “Copper and qua-
ternary ammonium cations exert synergistic bactericidal and
antibiofilm activity against Pseudomonas aeruginosa, Antimi-
crobial Agents and Chemotherapy, vol. 52, no. 8, pp. 2870-2881,

2008.

M. J. Miller, H. Zhu, Y. Xu et al., “Utilization of microbial iron
assimilation processes for the development of new antibiotics
and inspiration for the design of new anticancer agents,
BioMetals, vol. 22, no. 1, pp. 61-75, 2009.

M. Stauder, A. Papetti, D. Mascherpa et al., “Antiadhesion and
antibiofilm activities of high molecular weight coffee compo-
nents against Streptococcus mutans,” Journal of agricultural and
food chemistry, vol. 58, no. 22, pp. 11662-11666, 2010.

Clinical and Laboratory Standards Institute, “Performance
standards for antimicrobial susceptibility testing,” in Proceed-
ings of the 22nd Informational Supplement M100-S22, vol. 32,
No. 3, CLSI, Wayne, Pa, USA, 2012.

A. Giordano, A. Magni, M. Trancassini, P. Varesi, R. Turner,
and C. Mancini, “Identification of respiratory isolates of
Stenotrophomonas maltophilia by commercial biochemical sys-
tems and species-specific PCR,” Journal of Microbiological
Methods, vol. 64, no. 1, pp. 135-138, 2006.

P. W. Whitby, K. B. Carter, J. L. Burns, J. A. Royall, J.
J. LiPuma, and T. L. Stull, “Identification and detection of
Stenotrophomonas maltophilia by rRNA-directed PCR,” Journal
of Clinical Microbiology, vol. 38, no. 12, pp. 4305-4309, 2000.

A. W. Bauer, W. M. Kirby, J. C. Sherris, and M. Turck,
“Antibiotic susceptibility testing by a standardized single disk
method,” American Journal of Clinical Pathology, vol. 45, no. 4,
Pp. 493-496, 1966.

R. Schwalbe, L. Steele-Moore, and A. C. Goodwin, “Macro- and
microdilution methods of antimicrobial susceptibility testing,”
in Antimicrobial Susceptibility Testing Protocols, R. Schwalbe,
Ed., pp. 76-79, AC: CRC Press Taylor & Francis Group, Florida,
Fla, USA, 2007.

B. H. Li, X. E Ma, X. D. Wu, and W. X. Tian, “Inhibitory
activity of chlorogenic acid on enzymes involved in the fatty
acid synthesis in animals and bacteria,” IUBMB Life, vol. 58, no.
1, pp. 39-46, 2006.

E. Peeters, H. J. Nelis, and T. Coenye, “Comparison of multiple
methods for quantification of microbial biofilms grown in
microtiter plates,” Journal of Microbiological Methods, vol. 72,
no. 2, pp. 157-165, 2008.

I. Chopra, L. Hesse, and A. J. O'Neill, “Exploiting current
understanding of antibiotic action for discovery of new drugs,
Symposium Series, vol. 92, supplement 31, pp. 45-15S, 2002.

N. Horio, M. Horiguchi, K. Murakami, E. Yamamoto, and Y.
Miyake, “Stenotrophomonas maltophilia endophthalmitis after



BioMed Research International

(26]

(27]

(28]

(29]

(30]

(31]

(32]

intraocular lens implantation,” Graefe’s Archive for Clinical and
Experimental Ophthalmology, vol. 238, no. 4, pp. 299-301, 2000.

N. Khardori, L. Elting, E. Wong, B. Schable, and G. P. Bodey,
“Nosocomial infections due to Xanthomonas maltophilia (Pseu-
domonas maltophilia) in patients with cancer;” Reviews of
Infectious Diseases, vol. 12, no. 6, pp. 997-1003, 1990.

R. R. Muder, A. P. Harris, S. Muller et al., “Bacteremia due
to Stenotrophomonas (Xanthomonas) maltophilia: a prospective,
multicenter study of 91 episodes,” Clinical Infectious Diseases,
vol. 22, no. 3, pp- 508-512, 1996.

B. A. Cowell, M. D. P. Willcox, and R. P. Schneider, “A relatively
small change in sodium chloride concentration has a strong
effect on adhesion of ocular bacteria to contact lenses,” Journal
of Applied Microbiology, vol. 84, no. 6, pp. 950-958, 1998.

B. A. Jucker, H. Harms, and A. J. B. Zehnder, “Adhesion
of the positively charged bacterium Stenotrophomonas (Xan-
thomonas) maltophilia 70401 to glass and teflon,” Journal of
Bacteriology, vol. 178, no. 18, pp. 5472-5479, 1996.

S. A. A. Jassim and M. A. Naji, “Novel antiviral agents: a
medicinal plant perspective,” Journal of Applied Microbiology,
vol. 95, no. 3, pp. 412-427, 2003.

M. Zhao, H. Wang, B. Yang, and H. Tao, “Identification of
cyclodextrin inclusion complex of chlorogenic acid and its
antimicrobial activity,; Food Chemistry, vol. 120, no. 4, pp.
1138-1142, 2010.

G. Di Bonaventura, I. Spedicato, D. D’Antonio, I. Robuffo,
and R. Piccolomini, “Biofilm formation by Stenotrophomonas
maltophilia: modulation by quinolones, trimethoprim-
sulfamethoxazole, and ceftazidime,” Antimicrobial Agents and
Chemotherapy, vol. 48, no. 1, pp. 151-160, 2004.



