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Background: The antibiotic lock technique (ALT) has been recommended for the preven-
tion and treatment of catheter-related candidaemia. Biofilms of Candida species are resistant 
to some of the antifungal agents currently used. Aspirin has been shown to have anti-fungal 
effect but its effect on candidal biofilm is poorly understood.
Purpose: The aim of the current study was to evaluate the anti-biofilm effect of aspirin on 
Candida biofilms including C. albicans, C. glabrata, C. krusei and C. tropicalis formed on 
surgical catheters and the concentration and time required to eradicate the biofilms.
Methods: Biofilms of Candida species were grown on silicone catheters and incubated in 
aspirin at different concentrations for 2, 4 and 24 hours. The biofilms remaining were then 
determined quantitatively by colony-forming unit (CFU) counts and XTT assays.
Results: The results demonstrated that among the tested Candida species, C. albicans was 
the most sensitive species towards aspirin. Aspirin at a concentration of 40 mg/mL in 4 hours 
was effective in eradicating the biofilm. For all the other tested species, they were eradicated 
by aspirin at a concentration of 40 mg/mL in 24 hours.
Conclusion: Our results showed that aspirin may be used as an anti-fungal agent in lock 
therapy in the treatment of catheter-related candidaemia.
Keywords: Candida species, lock therapy, antifungal, aspirin, catheter-related infection

Introduction
Catheter-related infections (CRI) are the most common types of nosocomial 
infections.1 The most common pathogens responsible for CRI are coagulase-negative 
staphylococci, Staphylococcus aureus, and Candida species.2 CRI will prolong hospi-
talization for patients and hence increase the burden in our health care system with each 
episode costing more than USD 45,000.3 It may eventually turn to disseminated 
diseases leading to end organs disease with heart and eye involvement and hence 
increase the risk of morbidity and mortality. Candidaemia has been associated with the 
highest rates of morbidity and mortality in CRIs.4 Candidaemia involves the formation 
of biofilms on implanted devices such as indwelling catheters or on tissue surfaces.5

Currently, the management for catheter-related infections caused by Candida 
species is the removal and replacement of the infected device as well as use of 
systemic antifungal therapy.2 However, in many patients with catheter-related 
infections, the removal of the infected device is sometimes difficult or has proce-
dure-related risks.2,6
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The antibiotic lock technique (ALT) was introduced 
in the late 1980s and has been recommended for the 
prevention and treatment of catheter-related infections 
in specific situations by the Infectious Diseases Society 
of America (IDSA) and the Centers for Disease Control 
and Prevention (CDC).7 It involves the filling of the 
catheter lumen with an antimicrobial solution and allow-
ing it to dwell for a time sufficient to sterilize the 
device.2 A review stated that taurolidine, chelator-based 
antimicrobial and nitroglycerin-citrate–ethanol (NiCE) 
microbial lock solutions showed promising results in 
decreasing CRIs with NiCE antimicrobial lock solution 
gaining specific attention as it does not contain antibiotic 
and hence not producing bacterial resistance.3 Antifungal 
agents such as caspofungin, micafungin, anidulafungin, 
lipid formulations of amphotericin B, and fluconazole 
have been evaluated for their therapeutic effects in 
ALT for the treatment of Candida spp. associated 
CRIs.8–10 However, biofilms of Candida species nor-
mally consist of matrix-enclosed microcolonies of yeasts 
and hyphae and are resistant to some of the antifungal 
agents currently in clinical use.11,12 Therefore, there is 
a continuous need for the discovery of new antifungal 
agents that are effective against Candida biofilms.

Prostaglandins have recently been identified in patho-
genic fungi. It was suggested that prostaglandins might be 
related to the growth of pathogenic filamentous fungi, 
which could be avoided by prostaglandin H2 synthase 1 
(cyclooxygenase-1) or prostaglandin G/G synthase 
(cyclooxygenase-2) inhibitors.13 Acetylsalicylic acid 
(ASA) is a well-known nonsteroidal anti-inflammatory 
drug (NSAID) with analgesic, antipyretic and anti- 
inflammatory properties. The pharmacological mechanism 
of NSAIDs is mediated through the inhibition of cycloox-
ygenase (COX).14 Due to its effect on COX, it has been 
suggested to be used as an alternative antifungal agent.

Alem and Douglas found that prostaglandin production 
occurs in candidal planktonic and biofilm growth pheno-
types and that prolonged exposure to aspirin may reduce 
the prostaglandin production in ~25% for both phenotypes 
with no growth implications.15 ASA significantly decreases 
C. albicans biofilm formation and reduces viability of bio-
film cells at concentrations that could be achieved in humans 
with therapeutic doses.16 Other studies found that ASA also 
suppresses biofilm formation of C. guilliermondii, C. kefyr, 
C. glabrata, and C. parapsilosis.17

The effectiveness of ALT on Candida species depends 
on the choice of the antimicrobial agent, the concentration 

and the treatment duration. Hence, the aim of the current 
study was to evaluate the effect of aspirin on Candida 
biofilms formed on surgical catheters. The concentrations 
and time required for aspirin to eradicate biofilms formed 
by Candida species including C. albicans, C. glabrata, 
C. krusei and C. tropicalis were determined.

Materials and Methods
Organisms and Culture Conditions
Four species of Candida species were used in this study. 
Overnight cultures of C. albicans (ATCC 90028), 
C. glabrata (ATCC 90030), C. krusei (ATCC 6258) and 
C. tropicalis (ATCC 13803) were plated on Sabouraud 
Dextrose Agar (Gibco) plates and incubated at 37 °C.

Aspirin
Stock solution of aspirin (Sigma) was freshly prepared in 
dimethyl sulfoxide (DMSO; Sigma) at 1000 mg/mL. 
Aspirin was diluted in Roswell Park Memorial Institute 
(RPMI; Gibco) medium supplemented with 2% glucose at 
final concentrations ranging from 20 mg/mL to 45 mg/mL.

Minimal Inhibitory Concentration (MIC) 
Determination
The MIC was determined by broth microdilution assay. 
Candida suspension in RPMI equivalent to a 0.5 
McFarland standard was prepared for each isolate. The 96- 
well plate was filled with aspirin (200 μL) at different 
concentrations ranging from 20 mg/mL to 45 mg/mL 
together with 50 μL of Candida suspension. It was then 
incubated for 24 hours at 37°C in SpectraMAX 340PC384 
(Molecular Devices, US). Absorbance was measured at 
wavelength of 520 nm. The growth curve was plot at 
every 30 minutes. The MIC was determined as the lowest 
concentration that inhibited growth by 50% compared to 
that of the positive control. The positive controls were 
performed with only overnight culture in the wells. 
Positive controls included DMSO in the same concentra-
tion as that in aspirin of 45 mg/mL were also performed. 
Each MIC determination was performed in two separate 
occasions in duplicate.

In vitro Model for Biofilm Formation
Biofilm was grown on the surface of 100% silicone cathe-
ters (1.5 mm inside and 2.0 mm outside diameters). 
Catheters (A-M systems, USA) prepared to a length of 
10 mm were autoclaved. The sections of silicone catheters 
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were fully submerged into 96-well plates with 200 μL 
RPMI and 50 μL Candida suspension (McFarland stan-
dard of 0.5; λ 520 nm). The plate was stored in a shaker 
incubator of 37 °C for 48 hours. RPMI supplemented with 
2% glucose was replenished every 24 hours.

Quantitative Measurement of Biofilm
After 48 hours, the silicone catheters were rinsed gently by 
phosphate-buffered saline (PBS; pH 7.2) once to remove 
the nonadherent cells and then transferred to another fresh 
96-well plate containing RPMI and aspirin at the desig-
nated test concentrations. During continued incubation in 
the shaker incubator at 37 °C, the silicone catheters were 
removed at 2 hr, 4 hr and 24 hr for quantitative measure-
ment of biofilm removal.

Biofilm growth was quantified colorimetrically by 
a 2,3-bis(2-methoxy-4-nitro-5isulfophenyl)-2H-tetrazolium 
-5-carboxanilide (XTT) reduction assay. XTT solution 
(Sigma, MO, USA) was prepared in phosphate buffered 
saline (PBS) at a final concentration of 1 mg/mL. Filter 
sterilized menadione (Sigma, MO, USA) solution (0.4 mM) 
was also prepared and filtered immediately before each assay. 
XTT solution of 240 μL was added to each well. The plate 
was then incubated for 3 hours at 37 °C. Positive controls 
with catheters and cells were prepared. Controls with cathe-
ters and cells in DMSO at the same concentration as that in 
aspirin of 45 mg/mL were also prepared.

After incubation, the liquid was removed from each 
well and XTT formazan production was measured by 
determining the absorbance at 490 nm in Spectramax. 
The result was expressed as the percentage of XTT activity 
remaining relative to the positive controls.

The attached microbial population was also counted 
using spiral plate technique and was expressed as CFU/ 
mL. The percentage of remaining viable cells at different 
concentrations of aspirin relative to the positive controls 
was calculated. In brief, the catheters were removed from 
the wells after incubation and rinse with PBS to remove 
the non-adherent cells. The catheters with the attached 
biofilms were then vortex mixed in PBS and the cell 
suspensions were spiral plated on SDA plates for CFU 
counts. All experiments were performed in two separate 
occasions in duplicate.

Statistical Analysis
Statistical analysis was conducted using the one-sample 
t-test to compare the difference among different concen-
trations within the same species. A p-value of < 0.05 was 

considered to be statistically significant. The one-way 
ANOVA was conducted to compare the difference among 
the four Candida species. A p-value of < 0.05 was con-
sidered to be statistically significant.

Results
The minimal inhibitory concentration (MIC) values of 
aspirin for C. albicans, C. glabrata, C. krusei and 
C. tropicalis are 26, 28, 28 and 30 mg/mL respectively. 
All Candida species were susceptible to aspirin. 
According to the MIC values, C. albicans was the most 
sensitive species against aspirin.

Results from the biofilm experiment showed that the 
anti-biofilm effect of aspirin on Candida species is con-
centration-dependent as shown in Figure 1A–D and Figure 
2A–D. The minimal biofilm eradication concentration 
(MBEC) (mg/mL) over a 24-h exposure time that the 
growth of Candida species was undetected (the percentage 
remaining of viable count < 0.5) was 40 mg/mL (Figure 
1A–D). The percentage remaining in viable count of 
C. albicans, C. glabrata, C. krusei and C. tropicalis in 
aspirin at 4 h was 0.2, 1.4, 2.3 and 2.7, respectively 
(Figure 1A–D), whereas % XTT activities remaining at 
this concentration were 3.8, 0.5, 31.6 and 13 for 
C. albicans, C. glabrata, C. krusei and C. tropicalis, 
respectively (Figure 2A–D) (p < 0.001). Lower exposure 
time (2 h) showed a higher percentage remaining in viable 
counts at concentration of 45mg/mL (0.8, 27.9, 16.9 and 
1.3 for C. albicans, C. glabrata, C. krusei and 
C. tropicalis, respectively) (Figure 1A–D).

According to the MIC and MBEC values, the biofilm 
cultures of the tested Candida species were more resistant 
to the effect of aspirin when compared with the planktonic 
culture. In the positive control group, the viable cell counts 
of Candida species (>105 CFU) were maintained until the 
end of the study that confirmed the viability of the cells 
(Figure 1A–D).

Discussion
Formation of biofilm on medical devices such as central 
venous catheters can cause CRIs. Staphylococci such as 
Staphylococcus aureus and Candida species were the most 
common pathogens of CRI. The management of CRIs 
involves a multilevel approach involving catheter manage-
ment such as salvage, exchange or removal together with 
empirical systemic antimicrobial therapy. The Infectious 
Disease Society of America recommends to remove cathe-
ter for any CRIs due to candidemia together with systemic 
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antifungal treatment.18 With the introduction of ALT, CRIs 
can be treated in a simpler way without the removal of 
catheters and use of systemic antifungal therapy. ALT is an 
option in current guideline for the management of cathe-
ter-related bacteraemia, but it is not yet a recognized 
option for catheter-related candidaemia.2,6 However, 
there have been a number of studies showing the efficacy 
of some antifungal agents in ALT.

Candida species has shown resistance to the azole 
group of antifungal agents. Current studies show that 
caspofungin and amphotericin B are effective in treating 
catheter-related candidaemia. Ko et al concluded that lim-
ited duration of fungal ALT (less than five days) using 
amphotericin B and caspofungin is sufficient to treat the 
infected catheters, which will decrease the risk of resis-
tance and also the cost in clinical practice.19 It is necessary 
to discover more antifungal drugs in order to overcome the 
resistance problem. Aspirin has been shown to have an 
antifungal effect.20 Currently, in vitro assessment of the 
antibiofilm activities of aspirin on Candida species were 
limited.16,17,20,21

In the current study, C. albicans showed the highest 
viable cell count and XTT activities while C. krusei has the 
lowest without the addition of aspirin. This demonstrated 

that C. albicans is a better biofilm former on silicone 
tubing than the other Candida species. This finding agrees 
with a previous study that C. albicans produced more 
biofilm on polyvinyl chloride disks than other Candida 
species as determined by dry-weight, colorimetric, or 
radioisotope assays.22

From our result, aspirin at a concentration of 40 mg/ 
mL for at least 4 hours (p < 0.001) was required to 
eradicate the C. albicans biofilm (Figure 1A) whereas 
biofilm of all the other Candida species was eradicated 
after 24 hours by aspirin at a concentration of 40 mg/mL 
(p < 0.001) (Figure 1B–D). This suggested that aspirin at 
a concentration of 40 mg/mL locked for 24 hours could be 
used as the antifungal agent in Candida related CRI. In 
Ko’s et al study, five days were required to eradicate the 
biofilm using amphotericin B and caspofungin as opposed 
to one day in the current study.19 The use of aspirin there-
fore may have the advantages of reducing the risk of drug 
resistance development and the cost of clinical practice in 
the future.

In our study, the result obtained is different from some 
previous studies.16,17,21 Al-Bakri et al found that the MIC 
and the MBEC values for C. albicans were 2.65 and 
3.83 mg/mL, respectively.21 Stepanovic et al and Alem 

Figure 1 CFU percentage remaining (%) of Candida species at different concentrations of aspirin (mg/mL) in 2, 4 and 24 hours. (A) Candida albicans. (B) Candida glabrata. (C) 
Candida krusei. (D) Candida tropicalis.
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and Douglas found that the MIC value for C. albicans 
were lower than 1 mg/mL.16,17 The difference can be due 
to the following reasons.

Different methods used in determination of antibiofilm 
effect gives different results. Some studies used either 
viable cell count or XTT method or both. The XTT 
method measured the metabolic activities of the cells and 
may be positively related with viable cell counts.23 In most 
studies, 50% reduction of XTT values was used as a guide 
for effective anti-biofilm activities while the complete 
eradication of biofilm was used in the viable cell counting 
method. In our study, the MBEC results obtained from 
viable cell count and XTT values with over 99% reduction 
were comparable.

Yeast nitrogen base (YNB) with glucose and RPMI with 
glucose are commonly used as the culture medium for 
Candida species. In our study, aspirin could not be dissolved 
in YNB with the formation of precipitates. RPMI with glu-
cose was used instead. However, aspirin could not be well 
dissolved in RPMI once the concentration was higher than 
50 mg/mL. Therefore, aspirin concentrations ranging from 
20 mg/mL to 45 mg/mL were used. It has been shown that 
the MIC values for C. albicans in YNB were slightly 

different from those obtained in RPMI medium,24 therefore 
partly explains the different results observed in different 
studies.

All Candida species used in our study were reference 
strains and only one strain from each Candida species was 
used in our study. The efficacy of ALT may be strain- 
dependent and species-dependent as shown in our results 
and in another study.25 Therefore, more strains and species 
such as C. parapsilosis should be included in further 
studies.

In conclusion, our study demonstrated that among the 
four Candida species, C. albicans, C. glabrata, C. krusei 
and C. tropicalis, C. albicans was the most sensitive 
species towards aspirin in which C. albicans biofilm was 
eradicated by aspirin at a concentration of 40 mg/mL in 4 
hours. For all the tested species, they were eradicated by 
aspirin at a concentration of 40 mg/mL in 24 hours. Our 
results showed that aspirin may be used as an anti-fungal 
agent in lock therapy in the treatment of catheter-related 
candidaemia. However, it is desirable to have a short dwell 
time for its use in the intravenous catheter. Besides, further 
study can be conducted to investigate if aspirin can pro-
vide a prolong protection to prevent the recurrence of 

Figure 2 XTT activity percentage remaining (%) of Candida species at different concentrations of aspirin (mg/mL) in 2, 4 and 24 hours. (A) Candida albicans. (B) Candida 
glabrata. (C) Candida krusei. (D) Candida tropicalis.
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biofilm. Subsequent in vivo studies can be conducted to 
develop guidelines for clinical use of aspirin as an anti-
fungal agent in the future.
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