
R E V I E W

Drug Clues for the Treatment of Fungal 
Catheter-Related Bloodstream Infection With 
Antifungal Lock Therapy
Xiuyun Li1, Bing Yu2, Hui Li3, Zhirui Liu4, Xiaohan Fu1, Ping Jiao 5, Lei Wang6

1Infection and Microbiology Research Laboratory for Women and Children, Shandong Provincial Maternal and Child Health Care Hospital Affiliated to 
Qingdao University, Jinan, 250014, People’s Republic of China; 2Medical Affairs Department, Shandong Provincial Maternal and Child Health Care 
Hospital Affiliated to Qingdao University, Jinan, 250014, People’s Republic of China; 3Pediatric Department, Shandong Provincial Maternal and Child 
Health Care Hospital Affiliated to Qingdao University, Jinan, 250014, People’s Republic of China; 4Faculty of Medicine and Health, The University of 
Sydney, Camperdown NSW, 2050, Australia; 5Department of Pharmacy, Jinan Maternity and Child Care Hospital Affiliated to Shandong First Medical 
University, Jinan, 250012, People’s Republic of China; 6School of Pharmaceutical Science @ Institute of Materia Medica. Shandong First Medical 
University @ Shandong Academy of Medical Sciences, Jinan, 250117, People’s Republic of China

Correspondence: Ping Jiao; Lei Wang, Email jiaopingonlyone@163.com; wanglei1118@sdfmu.edu.cn 

Background: Biofilm formation often represents significant challenges in managing of bloodstream infections associated with 
catheter use.
Objective: Antimicrobial lock therapy serves as an adjunctive treatment for catheter-related infections, effectively eradicating or 
inhibiting biofilm growth.
Methods: This review synthesizes the current knowledge on antifungal lock therapy (ALT) targeting clinically common fungi, 
primarily Candida species, based on both in vitro and in vivo studies (animals and patients) from the past decade.
Results: Amphotericin B (AmB) and echinocandins are identified as the most promising antifungal agents for ALT. Combinations of 
antifungal agents with other compounds, such as farnesol, Neosartorya fischeri antifungal protein 2, 8-hydroxyquinoline-5-(N-4- 
chlorophenyl) sulfonamide, and polyurethane, have also shown efficacy in ALT. Additionally, ethanol, doxycycline, tigecycline, and 
minocycline lock solutions can be effective in treating fungal infections.
Conclusion: More comprehensive investigations and additional rigorous clinical trials are essential to thoroughly understand the 
safety and efficacy of ALT. This will facilitate the development of novel treatments for catheter-related fungal infections, thereby 
improving clinical outcomes.
Keywords: antifungal lock therapy, catheter-related bloodstream infections, Candida

Introduction
Central venous catheters (CVCs) are widely utilized in patients undergoing chemotherapy, hemodialysis, or parenteral 
nutrition. The use of CVC is associated with an increased risk of catheter-related bloodstream infections (CRBSIs), 
which contribute to higher morbidity and mortality rates.1 A meta-analysis of 18 studies involving 1,976 cases of central 
line-associated bloodstream infections demonstrated that patients with CRBSIs have a significantly higher risk of 
mortality compared to those without CRBSIs.2 During the early months of the coronavirus disease 2019 (COVID-19) 
pandemic, the incidence of CRBSIs notably escalated; a study across 78 hospitals within a single healthcare system 
spanning 12 US states reported a 51% increase in CRBSI rates.3 Antimicrobial lock therapy represents a promising 
approach to addressing the challenges of CRBSIs. Antimicrobial lock therapy enhances intravenous therapy by delivering 
antimicrobial agents directly to the site of infection, thereby increasing local drug concentration and improving 
therapeutic efficacy.4 Moreover, antimicrobial lock therapy minimizes systemic drug distribution, consequently reducing 
potential side effects.
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Fungal infections represent an escalating challenge, and the scarcity of antifungal agents has spurred interest in 
antifungal lock therapy (ALT). However, a comprehensive synthesis of the categories utilized in ALT has been lacking.5 

This review consolidates data from the past decade’s publications on ALT drugs used in both in vitro and in vivo settings 
(animals and patients), encompassing specific drugs, concentrations, and effects; isolate concentration and environmental 
conditions for biofilm formation and maturation; models and methodologies (patient data and catheter types); treatment 
duration; and strains. The synthesized information aims to provide a robust evidence base for the judicious use of these 
drugs in ALT, thereby enhancing the efficacy of antifungal therapy, reducing treatment costs, and fostering advancements 
in medical technology.

Drugs and Compounds Used for Antifungal Lock therapy
Azoles
Ten years ago, numerous studies investigated the efficacy of azoles as tube sealing solutions. For instance, fluconazole, 
itraconazole, and voriconazole were found to be effective against Candida (C). albicans, C. glabra, C. tropicalis.6 

However, other studies indicated that these azoles were either ineffective or less effective compared to alternative 
antifungal agents.7,8 Over the past decade, research has increasingly focused on the combined use of azoles in sealing 
fluids. A study observed a synergistic effect of fluconazole + 8-hydroxyquinoline-5-(N-4-chlorophenyl) sulfonamide in 
77.8% of the isolates.9 Nagy et al reported clear synergistic interactions between fluconazole, itraconazole, voriconazole, 
posaconazole, and isavuconazole + farnesol against one-day-old biofilms, with fractional inhibitory concentration 
indexes ranging from 0.038 to 0.375.10 Additionally, a combination of fluconazole (10 mg/mL) + polyurethane (50 
mg/mL) reduced biofilm biomass by 4 logs, while coating catheters with this mixture decreased the accumulation of C. 
albicans on subcutaneous catheters in mice.11 A film-forming system (FFS), a non-solid dosage form composed of drug 
and film-forming excipients, has also shown promise. Myricetin (MY) extracted from variety plants possesses antiox
idant, antitumor, and antibacterial properties. Miconazole nitrate (MN) is a commonly used clinical antifungal agent. MN 
+MY@FFS demonstrated an excellent preventive effect against percutaneously inserted C. albicans catheter-related 
infection (CRI).12

Polyenes
Polyenes demonstrate potent inhibitory activity against C. albicans biofilm formation in vitro. The polyene antifungal agent 
amphotericin B (AmB) exhibits broad-spectrum efficacy against a wide array of fungal pathogens. AmB specifically binds 
to sterols, particularly ergosterol, disrupting cell membrane integrity by inducing pore formation and subsequent leakage of 
cellular components. AmB is available in multiple formulations, including deoxycholate-AmB (d-AmB) and lipid-based 
formulations such as liposomal AmB (L-AmB), amphotericin B colloidal dispersion (ABCD), and amphotericin B lipid 
complex (ABLC)).

Recent studies have provided experimental evidence demonstrating that relatively low doses of AmB effectively 
inhibit biofilm formation by C. species (spp). Consequently, AmB is commonly employed as a positive control in 
research aimed at exploring novel antifungal strategies.13 Specifically, AmB inhibits mature biofilms of C. albicans, C. 
tropicalis and C. parapsilosis by over 90% at concentrations ranging from 1 to 40 μg/mL in 96-well polystyrene 
microtiter plates.14 Additionally, AmB completely inhibits mature biofilms of C. albicans, C. tropicalis and C. glabrata 
at concentrations between 0.5 and 8 μg/mL.9 Sidrim et al reported that AmB achieves 100% inhibition of mature biofilms 
of C. albicans and C. tropicalis at concentration of 0.5 to 4 μg/mL.15 Given the increasing incidence of infections caused 
by C. auris, it has been observed that both 0.1 mg/mL AmB and 1 mg/mL L-AmB exhibit significant inhibitory effects 
against C. auris biofilms.16 Furthermore, L-AmB reduces the metabolic activity of biofilms formed by C. albicans, C. 
tropicalis, C. parapsilosis and C. glabrata by more than 96% after 72 h of exposure at a concentration of 2 mg/mL in 
flat-bottomed microtiter polystyrene plates.17 Notably, approximately 90% of biofilm cells of C. spp. were eliminated 
after 48 h of exposure to L-AmB at concentration of 32 mg/mL (C. glabrata CG334), 64 mg/mL L-AmB (C. albicans 
CA180 and C. glabrata CG171), or 128 mg/mL L-AmB (C. albicans CA176).18
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The activity, biomass, and proteinase and phospholipase activities of biofilms were significantly reduced following 
the combination treatment with AmB and poly(lactic-co-glycolic acid) (PLGA) nanoparticles under 42 kHz ultrasound 
irradiation at an intensity of 0.30 W/cm2 for 15 min (P < 0.01).19 Additionally, AmB (1–40 μg/mL) and AND (0.125–2 
μg/mL) inhibited over 90% of mature biofilms formed by C. albicans, C. tropicalis, and C. parapsilosis in 96-well 
polystyrene microtiter plates.14

In addition to evaluating the antifungal efficacy of diverse formulations of AmB in vitro, an increasing number of in 
vivo studies have assessed the effectiveness of AmB in rabbits and mice. Basas et al investigated the anti-biofilm effect 
of lower concentrations (5–5.5 mg/mL) and shorter exposure times (2 days) of L-AmB in CVC treatment in rabbits. The 
rates of catheter tip negativity ranged from 21% to 29% for two C. glabrata strains, from 17% to 30% for two C. 
parapsilosis strains, and from 50% to 83% for two C. albicans strains.13,18 Fujimoto and Takemoto combined systemic 
L-AmB administration (5 mg/kg) with intraluminal L-AmB lock therapy (2 mg/mL) in mice with CVC infections. They 
found that this combined therapy achieved cure rates ranging from 98.1% to 100% in mice infected with C. albicans, C. 
tropicalis, C. Parapsilosis, or C. glabrata.17

Combined treatment with AmB-NPs and continuously ultrasound for 7 days effectively eliminated C. albicans 
biofilms on catheters.19 In 7 out of 11 episodes (64%), a regimen consisting of AmB (0.1 mg/mL) combined with 
systemic therapy using flucytosine (500 mg BID) and fluconazole (150 mg every 48 h during the night exchange) for 4 
weeks resulted in successful outcomes without the need for PD catheter removal.20 DiMondi et al treated a 64-year-old 
woman with C. albicans double-lumen catheter-related fungemia using L-AmB lock therapy (2.67 mg/mL) for 6 days, 
along with intravenous MFG for 6 days followed by oral fluconazole.21

Echinocandins
Echinocandins represent a pioneering class of antifungals that target the fungal cell wall, marking a major breakthrough 
in antifungal chemotherapy. Four semisynthetic derivatives of echinocandins are currently available for clinical use: 
caspofungin (CAS), micafungin (MFG), anidulafungin (AND), and rezafungin. These compounds share a cyclic 
hexapeptide antibiotic core structure with modified N-linked acyl lipid side chains, which facilitate the anchoring of 
the hexapeptide nucleus to the fungal cell membrane. This interaction is crucial for the drug’s engagement with the target 
enzyme complex responsible for cell wall synthesis.22 Echinocandins constitute a valuable addition to the antifungal 
arsenal due to their potent fungicidal activity against significant human pathogenic fungi, including azole-resistant strains 
of C. spp.

The MFG lock solution effectively inhibited biofilm formation by seven C. albicans strains (mean inhibition rate: 
17.7%), two C. tropicalis strains (mean inhibition rate: 62.8%) and one C. parapsilosis strain (inhibition rate: 87.6%). 
Notably, lower concentrations of the MFG lock solution demonstrated greater efficacy compared to higher concentrations 
against six C. glabrata strains.17 Additionally, MFG completely inhibited biofilm formation by one C. albicans strain at a 
concentration of 16 μg/mL.23 Furthermore, AND (2 μg/mL) inhibited biofilm formation by two C. parapsilosis strains by 
over 50% in polystyrene plates. At concentrations of 4–8 μg/mL in polystyrene plates and 1 μg/mL in silicone discs, 
AND inhibited biofilm formation by all tested strains by more than 90%. Moreover, AND at concentrations ranging from 
0.03 to 2 mg/L eradicated more than 90% of biofilms for both C. albicans and C. glabrata strains (two C. albicans, two 
C. glabrata).13,18 AND (0.125–2 μg/mL) also inhibited biofilm maturation by more than 90% for all tested strains (three 
C. albicans, three C. tropicalis, and three C. parapsilosis) in 96-well polystyrene microtiter plates.14 Sumiyoshi et al 
reported that CAS dissolved in 5% glucose solution rapidly and effectively inhibited the growth of multidrug-resistant 
(MDR) C. albicans, C. auris, and bacterial cells, whereas 0.9% NaCl, other ion-containing solutions, and other 
echinocandins were ineffective.24 CAS (0.125–2 μg/mL) inhibited 100% of mature biofilms of all tested strains (three 
C. albicans, three C. tropicalis, and three C. glabrata).9

Nikkomycin Z, CAS, and MFG exhibit inhibitory effects on biofilms and demonstrate greater efficacy against C. 
albicans compared to C. parapsilosis.25 Additionally, Neosartorya fischeri antifungal protein 2 (128 mg/L) + echino
candins (32 mg/L) significantly inhibited biofilm formation across all tested strains.26

Echinocandins demonstrate superior antimicrobial efficacy against C. catheter-related infections in animal models. 
Basas et al evaluated the anti-biofilm activity of AND at a concentration of 3.33 mg/mL. The rates of catheter tip 
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negativity following AND treatment ranged from 64% to 100% for two C. glabrata strains, from 63% to 73% for two C. 
parapsilosis strains, and from 40% to 83% for two C. albicans strains.13,18 Fujimoto and Takemoto investigated the 
effects of combining L-AmB (2 mg/mL lock solution with 5 mg/kg intravenous) and MFG (2 mg/mL lock solution with 
15 mg/kg intravenous) to treat CVC infections in mice. The combined therapy resulted in cure rates ranging from 10.8% 
to 88.6% for one C. albicans strain, one C. tropicalis strain, one C. parapsilosis strain, and two C. glabrata strains.17 

Additionally, combining MFG lock treatment (16 μg/mL) with systemic therapy reduced the frequency of C. albicans- 
positive catheters by 75%.23

Piersigilli et al reported the successful salvage of a CVC in a 2-year-old infant with a catheter-related C. albicans 
bloodstream infection. The treatment regimen included an intraluminal lock solution composed of a 1:1 mixture of 70% 
ethanol (EtOH) and 5 mg/L MFG, combined with systemic intravenous therapy using L-AmB (5 mg/mL) and MFG (10 
mg/mL) for a duration of 21 days.27

Antibiotics
A decade ago, research indicated that high concentration of doxycycline and tigecycline exhibited antifungal activity 
against mature C. albicans biofilms.28,29

Certain antibiotics have also demonstrated anti-biofilm effects either independently or as potentiators of other 
antifungal agents. Sidrim et al reported that cefepime, meropenem, piperacillin + tazobactam (TZB), and vancomycin 
significantly diminished the cellular activity of mature C. albicans and C. tropicalis biofilms grown on polystyrene plates 
at various concentrations: MIC/10 (P < 0.05), MIC (P < 0.01), 10× MIC (P < 0.0001), and 50× MIC (P < 0.0001).15

Furthermore, a combination of doxycycline (800 μg/mL), micafungin (0.01565 μg/mL), and ethanol (20%) reduced 
the metabolic activity of mature C. albicans biofilms by more than 90%.30

Ethanol
The application of EtOH as an ALT in vitro and in vivo is detailed in Table 1 and Table 2, respectively. A treatment with 
20% EtOH significantly diminished the metabolic activity of C. albicans biofilms by 98%.30 Mature C. albicans biofilms 
(48-hour old) on silicone elastomer disks were entirely inhibited after exposure to a combination of 25% EtOH, 5 mg/mL 
trimethoprim and 3% calcium EDTA for 4 h.31 Furthermore, for MDR C. auris biofilms grown on silicone discs for 24 h, 
a lock solution containing 0.003% nitroglycerin, 4% disodium citrate, and 22% EtOH administered for 2 h resulted in 
excellent antifungal efficacy, eradicating all replicates of 10 strains. In contrast, lock therapy with L-AmB at 1 mg/mL 
eliminated only 1 out of 10 strains, while d-AmB at 0.1 mg/mL eradicated 3 out of 10 strains.16 Alonso et al assessed the 
effectiveness of a heparinized 40% EtOH-based lock solution against four bacterial species and various clinical isolates 
using an in vitro model. They discovered that a 72-hour treatment with the heparinized 40% EtOH lock solution 
substantially reduced the biomass and metabolic activity of clinical isolates from patients with CRBSIs. However, the 
40% EtOH solution could not completely eradicate biofilms in vitro due to their rapid renewal rate.32 A combination of 
0.1% minocycline hydrochloride, 3% EDTA, and 25% EtOH fully eradicated ten C. auris biofilms within 1 h.33

Chandra et al examined the impact of combination lock therapy applied for 2 h daily over 7 days against C. albicans- 
infected CVCs in rabbits. This lock therapy successfully cleared fungal cells in 8 out of 16 catheters (0 CFUs in each).31 

Clinical studies have also utilized EtOH lock solutions.

Taurolidine
Taurolidine is a broad-spectrum antibacterial agent with a non-specific mechanism of action, functioning through 
interaction with the cell walls of microorganisms. It is utilized in several catheter lock solutions globally.43,44 In 2023, 
DefenCath, a catheter lock solution, containing 13,500 mg/L taurolidine and 1,000 units/mL heparin, received approval 
from the US Food and Drug Administration (FDA). This marks the first FDA-approved catheter sealing solution 
designed to reduce the risk of CRBSIs in adult patients with kidney failure undergoing chronic hemodialysis via 
CVCs.45 Numerous studies have demonstrated taurolidine’s efficacy in preventing CRBSIs,46–48 although data on its 
therapeutic use as a lock solution remain limited. The application of taurolidine as an ALT in vitro and in vivo is 
summarized in Table 1 and Table 2, respectively. Jakub Visek evaluated the effectiveness of various taurolidine solutions 
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Table 1 Drugs Used in Antifungal Lock Therapies Tested in Vitro

Drug 
Category

Agents (Dosage) Fungal Biofilm 
Age

Duration 
of Drug 

Treatment

Results Reference

Azoles Fluconazole (8 μg/mL) +8- 

Hydroxyquinoline-5-(N-4- 

chlorophenyl) sulfonamide 
(0.5 μg/mL)

C. albicans (1×106 CFU/mL), n=3; 

C. tropicalis  
(1×106 CFU/mL), n=3; C. glabrata 

(1×106 CFU/mL), n=3

48 h 48 h Synergistic interactions were observed when 8-hydroxyquinoline-5-(N- 

4-chlorophenyl) sulfonamide was combined with fluconazole in 77.8% of 

isolates.

[9]

Fluconazole (64 mg/L) 
+farnesol (75 μM)

C. auris (1×106 cells/mL), n=3 24 h 24 h Farnesol (300 μM) significantly decreased the metabolic activity of 
biofilms of all strains. Combinations of farnesol with fluconazole, 

itraconazole, voriconazole, posaconazole, or isavuconazole had obvious 

synergistic effects on  
C. auris biofilms.

[10]

Voriconazole (0.5–1 mg/L)+ 
farnesol (4.69–9.38 μM)

Itraconazole (0.5 mg/L) 

+farnesol (4.69–9.375 μM)

Posaconazole (0.25 mg/L) 

+farnesol (2.34–4.69 μM)

Isavuconazole (0.125–0.5 mg/ 

L) +farnesol (4.69–18.75 μM)

Fluconazole (10 mg/mL) + 

polyurethane (50 mg/mL)

C. albicans (106 CFU/mL), n=1 60 h 24 h, 48 h, 

72 h

Fluconazole (10 mg/mL) + polyurethane (50 mg/mL) led to 4-log 

reduction in biofilm biomass.

[11]

(Continued)
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Table 1 (Continued). 

Drug 
Category

Agents (Dosage) Fungal Biofilm 
Age

Duration 
of Drug 

Treatment

Results Reference

Polyenes Liposomal amphotericin B 
(0.015–1024 mg/L)

C. parapsilosis (1×106 cells /mL), 
n=2

2 d 2 d Liposomal amphotericin B (2 mg/L) inhibited >50% of biofilms of both 
strains on polystyrene plates; Liposomal amphotericin B (8–16 mg/L) 

inhibited >90% of biofilms of all strains on polystyrene plates; Liposomal 

amphotericin B (1024 mg/L) inhibited >90% of biofilms of all strains on 
silicone discs.

[13]

Amphotericin B (1–40 μg/mL) C. albicans (1.0–5.0 × 106 CFU/ 
mL), n=3; C. tropicalis (1.0–5.0 ×  

106 CFU/mL), n=3; C. parapsilosis  
(1.0–5.0 × 106 CFU/mL), n=3

48 h 24 h Amphotericin B (1–40 μg/mL) inhibited >90% of mature biofilms of all 
strains in 96-well polystyrene microtiter plates.

[14]

Amphotericin B  

(0.03125–16 μg/mL)

C. albicans (1×106 CFU/mL), n=3; 

C. tropicalis  
(1×106 CFU/mL), n=3; C. glabrata 

(1×106 CFU/mL), n=3

48 h 48 h Amphotericin B (0.5–8 μg/mL) inhibited 100% of mature biofilms of all 

strains.

[9]

Amphotericin B  

(0.5–2 μg/mL)

C. albicans (1×106 cells/mL), n=10 48 h 48 h Amphotericin B (0.5–2 μg/mL) inhibited 100% of mature biofilms of all 

strains.

[15]

Amphotericin B  

(0.5–4 μg/mL)

C. tropicalis (1×106 cells/mL), 

n=10

48 h 48 h Amphotericin B (0.5–4 μg/mL) inhibited 100% of mature biofilms of all 

strains.

Liposomal amphotericin B  

(1 mg/mL)

C. auris (5.5×105 CFU/mL), n=10 24 h 2 h Liposomal amphotericin B (1 mg/mL) significantly inhibited biofilms of 

one strain.

[16]

Amphotericin B (0.1 mg/mL) Amphotericin B (0.1 mg/mL) significantly inhibited biofilms of three 

strains.

Liposomal amphotericin B  

(2 mg/mL)

C. albicans (107 CFU /mL), n=7; 

C. tropicalis  
(107 CFU /mL), n=2; C. 

parapsilosis (107 CFU /mL), n=1;  

C. glabrata (107 CFU /mL), n=6

2 d 3 d Liposomal amphotericin B (2 mg/mL) inhibited >96% of biofilms of all 

strains.

[17]

Liposomal amphotericin B 

(0.015–1024 μg/mL)

C. albicans 
(1×107 blastoconidia/mL), n=2; C. 

glabrata 
(1×107 blastoconidia/mL), n=2

48 h 48 h Liposomal amphotericin B (32–128 mg/L) eradicated >90% of biofilms 

of all strains.

[18]
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Echinocandins Anidulafungin (0.015–1024 

μg/mL)

C. parapsilosis (1×106 

blastospores/mL), n=2

2 d 2 d Anidulafungin (2 μg/mL) inhibited >50% of biofilms of all strains on 

polystyrene plates. Anidulafungin (4–8 μg/mL) inhibited >90% of 

biofilms of all strains on polystyrene plates. Anidulafungin (1 μg/mL) 
inhibited >90% of biofilms of all strains on silicone discs.

[13]

Anidulafungin (0.125–2 μg/ 
mL)

C. albicans (1.0–5.0 × 106 CFU/ 
mL), n=3; C. tropicalis (1.0–5.0 ×  

106 CFU/mL), n=3; C. parapsilosis  
(1.0–5.0 × 106 CFU/mL), n=3

48 h 24 h Anidulafungin (0.125–2 μg/mL) inhibited >90% of mature biofilms of all 
strains in 96-well polystyrene microtiter plates.

[14]

Caspofungin (0.000375–2 μg/ 

mL)

C. albicans (1×106 CFU/mL), n=3; 

C. tropicalis  
(1×106 CFU/mL), n=3; C. glabrata 

(1×106 CFU/mL), n=3

48 h 48 h Caspofungin (0.125–2 μg/mL) inhibited 100% of mature biofilms of all 

strains.

[9]

Micafungin (2 mg/mL) C. albicans (107 CFU /mL), n=7; 

C. tropicalis  
(107 CFU /mL), n=2; C. 

parapsilosis (107 CFU /mL), n=1;  

C. glabrata (107 CFU /mL), n=6

2 d 3 d Micafungin (2 mg/mL) inhibited 17.7%-87.6% of biofilms of all strains. [17]

Anidulafungin (0.015–1024 

μg/mL)

C. albicans 
(1×107 blastoconidia/mL), n=2; C. 

glabrata 
(1×107 blastoconidia/mL), n=2

48 h 48 h Anidulafungin (0.03–2 mg/L) eradicated >90% of biofilms of all strains. [18]

Micafungin (16 μg/mL) C. albicans (1×106 CFU/mL), n=1 24 h 3 d Micafungin (16 μg/mL) inhibited 100% of biofilms. [23]

Caspofungin (500 μg/mL) C. albicans (5×106 CFU/mL), n=1 2 d 5 min, 30 

min, 60 min

Caspofungin (125–500 μg/mL) in 5% glucose inhibited >99% of biofilms 

of all strains in 5 min.

[24]

Caspofungin (125 μg/mL) C. auris (5×106 CFU/mL), n=1

Antibiotics Cefepime (0.01–100 mg/mL) C. albicans (1×106 cells/mL), 
n=10; C. tropicalis (1×106 cells/ 

mL), n=10

48 h 48 h Cefepime, piperacillin + tazobactam, and vancomycin (0.01–100 mg/mL) 
significantly inhibited biofilms of all strains. 

Meropenem (1–50 mg/mL) significantly inhibited biofilms of all strains.

[15]

Piperacillin + tazobactam 

(0.01–100 mg/mL)

Meropenem (0.01–50 mg/mL)

Vancomycin (0.01–100 mg/ 

mL)

(Continued)
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Table 1 (Continued). 

Drug 
Category

Agents (Dosage) Fungal Biofilm 
Age

Duration 
of Drug 

Treatment

Results Reference

Ethanol Nitroglycerin (0.003%) + 

disodium citrate (4%) + 
ethanol (22%)

C. auris (5.5×105 CFU/mL), n=10 24 h 2 h Nitroglycerin (0.003%) + disodium citrate (4%) + ethanol (22%) 

inhibited biofilms of all strains.

[16]

Ethanol (20%, v/v) C. albicans (1×107 CFU/ mL), n=3 24 h 24 h EtOH (20%, v/v) inhibited 98% of biofilms of all strains. [30]

Trimethoprim (5 mg/mL) + 
ethanol (25%) + calcium 

EDTA (3%)

C. albicans (107 CFU/mL), n=1 48 h 4 h Trimethoprim (5 mg/mL) + ethanol (25%) + calcium EDTA (3%) 
eradicated 100% of biofilms.

[31]

Ethanol (40%) + heparin (60 

IU)

C. albicans (1×108 CFU/mL), 

n=20

24 h 24 h, 72 h Ethanol (40%) + heparin (60 IU) decreased the biofilm biomass of 7 

strains by 50%.

[32]

Ethanol (40%) + heparin (60 IU) decreased the metabolic activity of 

biofilms of 8 strains by 83%.

Minocycline hydrochloride 

(0.1%) + EDTA (3%) + 

ethanol (25%)

C. auris, n=10 24 h 60 min Minocycline hydrochloride (0.1%) + EDTA (3%) + ethanol (25%) 

eradicated 100% mature biofilms of all strains.

[33]
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Combination 

strategies

Amphotericin B (2.5 μg/mL) + 

anidulafungin (0.5 μg/mL)

C. albicans (1.0–5.0 × 106 CFU/ 

mL), n=3; C. tropicalis (1.0–5.0 ×  

106 CFU/mL), n=3; C. parapsilosis  
(1.0–5.0 × 106 CFU/mL), n=3

48 h 24 h Amphotericin B (1–40 μg/mL) and anidulafungin (0.125–2 μg/mL) 

inhibited >90% mature biofilms of all strains in 96-well polystyrene 

microtiter plates.

[14]

8-Hydroxyquinoline-5-(N-4- 
chlorophenyl) sulfonamide 

(0.5 μg/mL) + fluconazole (8 

μg/mL)

C. albicans (1×106 CFU/mL), n=3; 
C. tropicalis  

(1×106 CFU/mL), n=3; C. glabrata 
(1×106 CFU/mL), n=3

48 h 48 h Synergistic interactions were observed when 8-hydroxyquinoline-5-(N- 
4-chlorophenyl) sulfonamide was combined with fluconazole in 77.8% of 

isolates.

[9]

Caspofungin (0.25μg/mL) + 

nikkomycin Z (8 μg/mL)

C. albicans (1×106 CFU/mL), n=5 24 h 24 h Caspofungin (0.25 μg/mL) + nikkomycin Z (8 μg/mL) and micafungin 

(0.25 μg/mL) + nikkomycin Z (8 μg/mL) inhibited mature biofilms of all 
strains by >50%.

[25]

Micafungin (0.25μg/mL) + 
nikkomycin Z (8 μg/mL)

Caspofungin (128 μg/mL) + 
nikkomycin Z (8 μg/mL)

C. parapsilosis (1×106 CFU/mL), 
n=5

Caspofungin (128 μg/mL) + nikkomycin Z (8 μg/mL) and micafungin 
(128 μg/mL) + nikkomycin Z (8 μg/mL) inhibited mature biofilms of all 

strains by >50%.
Micafungin (128 μg/mL) + 
nikkomycin Z (8 μg/mL)

Ultrasound (0.30 W/cm2, 15 
min) + amphotericin B-NPs (4 

μg/mL)

C. albicans (107 CFU/mL), n=1 48 h 24 h Ultrasound + AmB-NPs (4 μg/mL) inhibited mature biofilms by 74.64%. [19]

(Continued)
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Table 1 (Continued). 

Drug 
Category

Agents (Dosage) Fungal Biofilm 
Age

Duration 
of Drug 

Treatment

Results Reference

Farnesol (75 μM) + 

fluconazole (64 mg/L)

C. auris (1×106 cells/mL), n=3 24 h 24 h Farnesol (300 μM) significantly decreased the metabolic activity of 

biofilms of all strains. Combinations of farnesol with fluconazole, 

itraconazole, voriconazole, posaconazole, or isavuconazole had obvious 
synergistic effects on C. auris biofilms.

[10]

Farnesol (4.69–9.38 μM) + 

voriconazole (0.5–1 mg/L)

Farnesol (4.69–9.375 μM) + 

itraconazole (0.5 mg/L)

Farnesol (2.34–4.69 μM) + 

posaconazole (0.25 mg/L)

Farnesol (4.69–18.75 μM) + 

isavuconazole (0.125–0.5 mg/L)

Neosartorya fischeri antifungal 

protein 2 (128 mg/L) + 

echinocandins (32 mg/L)

C. auris (1×106 cells/mL), n=5 24 h 24 h Neosartorya fischeri antifungal protein 2 (128 mg/L) + echinocandins (32 

mg/L) significantly inhibited biofilms of all strains.

[26]

Fluconazole (10 mg/mL) + 

polyurethane (50 mg/mL)

C. albicans (106 CFU/mL), n=1 60 h 24 h, 48 h, 

72 h

Fluconazole (10 mg/mL) + polyurethane (50 mg/mL) led to 4-log 

reduction in biofilm 
biomass.

[11]

Taurolidine Taurosept Taurolock 
Taurolock 1:1 3.5% 

Taurolidine

C. albicans (1×107 cells /mL), n=3 
C. glabrata  

(1×107 cells /mL), n=3

24 h 30, 60, and 
120 min

Taurosept, Taurolock and Taurolock 1:1 all inhibited >50% of CFU of 
both strains; 3.5% Taurolidine was not tested.

[34]

2% taurolidine 1.34% 

taurolidine 1.34% taurolidine 

+4%Citrate+500 IU/mL 
Heparin

C. glabrata (1×106 cells /mL), n=1 – – 2% taurolidine,1.34% taurolidine and 1.34% taurolidine+4%Citrate+500 

IU/mL Heparin inhibited C. glabrata growth.

[35]

Taurolock C. albicans (1×107 cells /mL) 18–24 h 2 or 24 h Taurolock biofilms eradication rate was 100%. [36]

1.35% taurolidine +3.5% 

disodium citrate +1,000 IU/ 
mL heparin

C.auris(1×107 cells/mL), n=10 24 h 60 min Taurolidine lock partially eradicated all of the C. auris biofilms [33]
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Tetrasodium 

EDTA

Tetrasodium EDTA  

(0.004–4.0%)

C. albicans (3.0×106 CFU/mL), 

n=2

24 h 1 h, 3 h, 6 h, 

24 h

After 1% tetrasodium EDTA treatment for 24 hours, the number of 

cells in the biofilm decreased by 1.7–2.7 log10.

[37]

C. glabrata (2.0×107 CFU/mL), 

n=2

48 h

Repurposed 

agents and 

adjunctive 
agents

8-Hydroxyquinoline-5-(N-4- 

chlorophenyl) sulfonamide 

(0.125–64 μg/mL)

C. albicans (1×106 CFU/mL), n=3;  

C. tropicalis  
(1×106 CFU/mL), n=3; C. glabrata 

(1×106 CFU/mL), n=3

48 h 48 h 8-Hydroxyquinoline-5-(N-4-chlorophenyl) sulfonamide (1–4 μg/mL) 

inhibited mature biofilms of all strains by 100%.

[9]

Farnesol  
(10, 50, 100 and 300 μM)

C. auris (1×106 cells/mL), n=3 24 h 24 h Farnesol (300 μM) significantly decreased the metabolic activity of 
biofilms of all strains.

[10]

Auranofin (3 mg/mL) + 
polyurethane (50 mg/mL)

C. albicans (106 CFU/mL), n=1 60 h 24 h, 48 h, 
72 h

Auranofin (3 and 10 mg/mL) + polyurethane (50 mg) led to 3-log 
reduction of biofilm biomass.

[11]

Cerium nitrate (0.5 mM-1 M) C. albicans (1×106 cells/mL), n=8; 
C. parapsilosis sensu stricto (1×106 

cells/mL), n=8;C. glabrata  
(1×106 cells/mL), n=8;C. tropicalis 

(1×106 cells/mL), n=8; 

C. krusei (1×106 cells/mL), n=8;C. 
guilliermondii(1×106 cells/mL), 

n=8

24 h 24 h, 48 h Cerium nitrate (0.5 mM-1 M) reduced the metabolic activity and 
biomass of biofilms of all strains.

[38]

Aspirin  
(30, 35, 40 and 45 mg/mL)

C. albicans (1–5×106 CFU/mL), 
n=1;  

C. glabrata  
(1–5×106 CFU/mL), n=1; C. 

krusei  
(1–5×106 CFU/mL), n=1; C. 

tropicalis  
(1–5×106 CFU/mL), n=1

48 h 2h, 4 h, 24 h Aspirin (40 mg/mL) eradicated biofilms of all strains in 4–24 hours. [39]

Hypochlorous acid  
(0.002–12.61 mM)

C. albicans (1.0×107 CFU/mL), 
n=1;  

C. glabrata (1.0×107 CFU/mL), 

n=1;  
C. parapsilosis  

(1.0×107 CFU/mL), n=1

48 h 48 h Hypochlorous acid (8.84 mM) inhibited mature biofilms of all strains by 
100%.

[40]

Notes: C. albicans; C. tropicalis; C. glabrata; C. parapsilosis; C. auris; C. krusei; C. guilliermondii: They are all conditionally pathogenic bacteria that can cause diseases in humans, with C. albicans being the most virulent.
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Table 2 Drugs Used in Antifungal Lock Therapies Tested in Vivo

Drug 
Category

Agents (Dosage) Animals 
Models or 
Catheter 

type

Fungal Biofilm 
Age

Duration of 
Therapy

Results (Curative Ratios) Reference

Azoles Fluconazole (10 mg/mL) + 

polyurethane (50 mg/mL)

Mice, 

subcutaneous 
catheter model

C. albicans (106 CFU), n=1 60 h 24 h, 48 h, 72 h Fluconazole (10 mg/mL) + polyurethane 

(50 mg/mL) led to a 1.5-log reduction in 
biofilm biomass.

[11]

Miconazole nitrate  
(20 μmol/L)+ 

Myricetin (1250 μmol/L)

Mice,CRI 
model

C. albicans (1.0×107 CFU/mL), n=1 – – Myricetin + miconazole nitrate in film- 
forming system exhibited excellent 

preventive effects against 

percutaneously inserted C. albicans CRI.

[12]

Polyenes Liposomal amphotericin B 

(5.5 mg/mL)

Rabbits,CVC 

model

C. parapsilosis (1.0×107 CFU/mL), n=2 48 h 2 days 17%-30% [13]

Liposomal amphotericin B 

(2 mg/mL) with systemic 5 
mg/kg

Mice,CVC 

model

C. albicans (1×107 CFU/mL), n=1; 

C. tropicalis (1×107 CFU/mL), n=1;  
C. parapsilosis (1×107 CFU/mL), n=1; 

C. glabrata (1×107 CFU/mL), n=2

48 h 3 days 98.1%-100% [17]

Liposomal amphotericin B 

(5 mg/mL)

Rabbits,CVC 

model

C. albicans (1×107 CFU/mL), n=2 48 h 2 days 50%-83% [18]

C. glabrata (1×107 CFU/mL), n=2 21%-29%

Echinocandins Anidulafungin (3.3 mg/mL) Rabbits,CVC 

model

C. parapsilosis (1.0×107 CFU/mL), n=2 48 h 2 days 63% (5/8)-73% (8/11) [13]

Micafungin (2 mg/mL) with 

systemic 15 mg/kg

Mice,CVC 

model

C. albicans (1×107 CFU/mL), n=1;C. tropicalis 
(1×107 CFU/mL), n=1;C. parapsilosis (1×107 

CFU/mL), n=1;C. glabrata (1×107 CFU/mL), 

n=2

48 h 3 days 10.8%-86.6% [17]

Anidulafungin  

(3.33 mg/mL)

Rabbits,CVC 

model

C. albicans (1×107 CFU/mL), n=2 48 h 2 days 40%-83% [18]

C. glabrata (1×107 CFU/mL), n=2 64%-100%

Micafungin (16 μg/mL) 

with systemic 1 mg/kg

Wistar rats, 

CVC model

C. albicans (1×104 CFU/mL), n=1 24 h 7 days Lock therapy: 65%;systemically 

treated:37.5%;systemically treated and 
lock therapy: 75%

[23]
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Ethanol Trimethoprim (5 mg/mL), 

Ethanol (25% v/v) and 

calcium EDTA (3%)

Rabbits,CVC 

model

C. albicans (107 CFU/mL), n=1 24 h 2 h/d×7 days 50% [31]

Combination 

strategies

Ultrasound (0.30 W/cm2, 

15 min) + AmB-NPs (4 
μg/mL)

Rats, 

subcutaneous 
catheter model

C. albicans (107 CFU/mL), n=1 48 h 3 days, 7 days After 7 days of continuous treatment, 

the biofilms on the catheters were 
basically eliminated.

[19]

Fluconazole (10 mg/mL) + 
polyurethane (50 mg/mL)

Mice, 
subcutaneous 

catheter model

C. albicans (106 CFU), n=1 60 h 24 h, 48 h, 72 h Fluconazole (10 mg/mL) + polyurethane 
(50 mg/mL) led to a 1.5-log reduction in 

biofilm biomass.

[11]

Myricetin (1250 μmol/L) 

+miconazole nitrate (20 
μmol/L)

Mice,CRI 

model

C. albicans (1.0×107 CFU/mL), n=1 – – Myricetin + miconazole nitrate in film- 

forming system exhibited excellent 
preventive effects against 

percutaneously inserted C. albicans CRI.

[12]

Liposomal amphotericin B 

(2.67 mg/mL) + systemic 

therapy (intravenous 
micafungin for 6 days then 

changed to oral 

fluconazole)

64-year-old 

woman, 

double-lumen 
catheter

C. albicans – 6 days 100% (1/1) [21]

Amphotericin B (0.1 mg/ 

mL) + systemic therapy 
flucytosine (500 mg BID) 

fluconazole (150 mg every 

48 h in the night 
exchange)

Women (6) 

and men (5), 
peritoneal 

dialysis 

catheter

C. spp. – 4 weeks 64% (7/11) [20]

Ethanol (70%) + 
micafungin (5 mg/L) + 

systemic liposomal 

amphotericin B (5 mg/kg) 
and micafungin  

(10 mg/ kg)

2-year-old boy, 
CVC

C. albicans – 21 days 100% (1/1) [27]

(Continued)

D
rug D

esign, D
evelopm

ent and T
herapy 2025:19                                                                             

https://doi.org/10.2147/D
D

D
T.S501664                                                                                                                                                                                                                                                                                                                                                                                                    

695

Li et al

Powered by TCPDF (www.tcpdf.org)



Table 2 (Continued). 

Drug 
Category

Agents (Dosage) Animals 
Models or 
Catheter 

type

Fungal Biofilm 
Age

Duration of 
Therapy

Results (Curative Ratios) Reference

Taurolidine 2% taurolidine 21 neonates 
with CRBSI

C. albicans, n=2 – Taurolidine was 
injected and 

locked for at least 

120 min every 24 
h

85.7% (18/21) [41]

2% taurolidine A boy with 
CRBSI

C. glabrata,n=1 – – 100%(1/1) [42]

Repurposed 
agents and 

adjunctive 

agents

Auranofin (3 and 10 mg/ 
mL) + polyurethane (50 

mg/mL)

Mice, 
subcutaneous 

catheter model

C. albicans (106 CFU), n=1 60 h 24 h, 48 h, 72 h Auranofin (10 mg/mL) + polyurethane 
(50 mg) led to a 1-log reduction in 

biofilm biomass.

[11]

Notes: C. albicans; C. tropicalis; C. glabrata; C. parapsilosis: They are all conditionally pathogenic bacteria that can cause diseases in humans, with C. albicans being the most virulent.
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in the preventing and treating CRBSIs caused by C. albicans or C. glabrata in patients receiving parenteral nutrition over 
a short period. The results indicated that Taurosept, Taurolock, and Taurolock 1:1 all inhibited both strains.34 Similarly, 
E.D. Olthof et al found that taurolidine completely prevented the growth of C. glabrata and C. albicans.35,36 Taurolidine 
lock therapy was also shown to partially eradicate C. auris biofilm.33

Savarese et al confirmed the feasibility and direct outcomes of prophylactic and therapeutic taurolidine locks in term 
and preterm neonates through a descriptive retrospective study. Among the 21 cases, clinical symptom resolution and 
bacteremia clearance were achieved without catheter removal in 18 cases (85.7%). This high success rate underscores the 
efficacy of taurolidine locks in this patient population.41 Additionally, Antonella Diamanti et al reported the successful 
treatment of a 3-years-old boy with CRBSI caused by C. glabrata using 2% taurolidine.42

Tetrasodium EDTA
Liu et al reported that following a 24-hour treatment with 1% tetrasodium EDTA, the cell counts in the biofilms of C. 
albicans and C. glabrata were reduced by 1.7 to 2.7 log10 units.37

Repurposed Agents and Adjunctive Agents
Table 1 summarizes the adjunctive agents and biocides utilized for the treatment of C.-related catheter infections. Silva- 
Dias et al examined the antifungal efficacy of cerium nitrate (CN), a lanthanide compound, against various C. spp. CN 
demonstrated significant inhibition of biofilm formation in both in vitro and in vivo models using polyurethane catheters 
segments. Furthermore, at higher concentrations, CN effectively disrupted and nearly eradicated preformed biofilms.38 

Nagy et al explored the impact of farnesol, a quorum-sensing molecule known to inhibit yeast-to-hyphae transition and 
promote reverse morphogenesis, on C. auris. Their study revealed that 300 μM farnesol treatment for 2 to 24 h 
significantly reduced the metabolic activity of one-day-old biofilms (P < 0.001).10 It has been demonstrated that adding 
3 mM farnesol at the initial stage of biofilm formation can achieve approximately 50% inhibition.49 Additionally, 
farnesol synergistically enhances the effectiveness of fluconazole against C. albicans biofilms.50 Chan et al evaluated the 
anti-biofilm effects of aspirin on C. biofilms, including those formed by C. albicans, C. glabrata, C. krusei, and C. 
tropicalis on surgical catheters. At a concentration of 40 mg/mL, aspirin eradicated C. albicans biofilms within 4 h. 
However, it required 24 h to effectively eradicate biofilms of the other tested C. spp.39 The 8-hydroxyquinoline derivative 
8-hydroxyquinoline-5-(N-4-chlorophenyl) sulfonamide (1–4 μg/mL) completely inhibited biofilm growth in three strains 
each of three C. albicans, three C. glabrata, and three C. tropicalis.9 Palau et al assessed the efficacy of hypochlorous acid 
(HClO) against biofilm-producing strains on silicone discs. HClO was generated via direct electric current (DC) pulses at 
specified amperages and durations. For the three C. strains examined (CA176, CG171, and CP54), a DC pulse of 20 mA 
for 20 min (equivalent to 8.84 mM HClO) was required to completely eradicate the biofilms.40 In another study, mouse 
catheters coated with polyurethane and 3 mg or 10 mg of auranofin accumulated 1.6 × 105 and 7.8 × 105 CFU, 
respectively, compared to 2.0 × 108 CFU on catheters exposed to THF solvent alone. Consequently, the auranofin coating 
resulted in a 3-log reduction in C. albicans cells (P=0.0229 and P=0.023).11

Additionally, auranofin-coated catheters achieved a 3-log reduction in C. albicans within a dual-microbe biofilm 
compared to uncoated catheters.11

Discussion and Conclusion
The incidence of fungal infections has escalated significantly in recent years, necessitating the development of clinical 
solutions for catheter-related fungal infections. When a CRBSI occurs, deciding whether to remove or salvage the 
catheter is a critical component of interdisciplinary management discussions involving both the patient and healthcare 
team. Many guidelines advocate for prompt catheter removal upon diagnosis of CRBSI as a key measure to prevent 
further infection spread.51–53However, some conservative approaches suggest attempting to salvage the catheter, parti
cularly for pediatric patients requiring it for chemotherapy, hemodialysis, and parental nutrition, where alternative venous 
access can be challenging to establish.54,55 Indeed, catheter removal has been associated with potential increases in costs 
and significant delays in treatment, especially in cancer patients. Therefore, if there is any possibility of catheter salvage, 
alternative methods such as ALT should be considered as part of the treatment strategy. Given that ALT is a relatively 
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new concept for treating catheter-related fungal infections, this review focuses on in vitro studies, animal experiments, 
and clinical studies of ALT over the past decade.

This review encompasses numerous in vitro studies of antifungal lock solutions (Table 1). Collectively, various 
formulations of AmB lock solutions exhibit robust antifungal biofilm activities in vitro. Echinocandin lock solutions also 
demonstrate antifungal efficacy, particularly against azole-resistant C. albicans and C. Parapsilosis, with notable anti- 
biofilm effects lasting up to 48–72 h in vitro.23 However, a paradoxical phenomenon has been observed: the antifungal 
effectiveness of echinocandin drugs in lock solutions against C. albicans biofilms decreases as the concentration of the 
drug increases in vitro.56 This paradoxical effect is evident for both CAS and AND lock solutions but not for MFG lock 
solutions.24 Additionally, when CAS is dissolved in low ionic strength solutions, it rapidly and effectively inhibits the 
growth of MDR C. albicans, C. auris, and bacterial cells in vitro.

Cefepime, meropenem, TZB, and vancomycin exhibit antifungal activity against C. albicans and C. tropicalis 
biofilms in vitro.15 EtOH demonstrates effective antifungal properties against biofilms in vitro when utilized as a 
standalone lock solution or as part of a combination lock solution. Specifically, EtOH shows significant anti-biofilm 
efficacy against C. albicans in vitro at a concentration of 20% when used alone, or in combination solutions such as 
EtOH (40%) + heparin (60 IU), minocycline hydrochloride (0.1%) + EDTA (3%) + EtOH (25%), and EtOH (25%) + 
trimethoprim (5 mg/mL) + calcium EDTA (3%).30–33 Additionally, the combination lock solution of EtOH (22%) + 
nitroglycerin (0.003%) + disodium citrate (4%) has been shown to effectively inhibit MDR C. auris biofilms in vitro.16

Drug combinations represent a viable strategy against C. biofilms, including dual-drug regimens such as AmB in 
conjunction with echinocandins. Furthermore, the combination of antifungal agents with other compounds, for instance, 
farnesol paired with triazoles (fluconazole, itraconazole, voriconazole, posaconazole, or isavuconazole),10 or nikkomycin 
Z combined with echinocandins (CAS or MFG), has demonstrated efficacy in inhibiting C. biofilms.25

In addition to using EtOH, numerous studies have evaluated the efficacy of antifungal lock solutions based on non- 
antimicrobial drugs or compounds in vitro. Compounds such as CN, aspirin, farnesol, and 8-hydroxyquinoline-5-(N-4- 
chlorophenyl) sulfonamide demonstrate varying degrees of effectiveness against fungal biofilm.9,38,39 Farnesol exhibits 
synergistic effects with other antifungal agents, including fluconazole, itraconazole, voriconazole, posaconazole, and 
isavuconazole, in combating C. auris biofilms.10 Furthermore, a combination of auranofin (3 mg/mL) and polyurethane 
(50 mg/mL) has been shown to reduce biofilm biomass by 3 log units.11

This review also summarizes in vivo studies of antifungal lock solutions, encompassing both animal experiments and 
clinical cases (Table 2). Animal studies have demonstrated that L-AmB lock solution, as well as MFG and AND lock 
solutions, exhibit significant antifungal biofilm activity. The efficacy is further enhanced when these lock solutions are 
combined with systemic therapy. Combination regimens include L-AmB lock solution paired with systemic L-AmB, and 
MFG lock solution paired with systemic MFG.17,23 Given the severity and complexity of CRBSIs, antifungal lock 
solutions are frequently used in conjunction with systemic therapies. For instance, a case report describes how a 64-year- 
old woman with a catheter fungal infection was successfully treated with an L-AmB lock solution combined with a 6-day 
course of systemic MFG and fluconazole.21

The reviewed studies possess certain limitations. First, we did not examine the choice of catheter removal, despite it 
being the traditionally preferred treatment. This omission is due to our comprehensive review’s primary objective of 
providing alternative drug options aimed at preserving catheters. Second, ALT still faces challenges in treating catheter- 
related fungal infections. For instance, in vitro test conditions do not always accurately reflect in vivo biofilm develop
ment conditions for C. spp. Additionally, laboratory and reference strains can exhibit significant differences in growth 
rates and biomass.57 Randomized clinical trials are necessary to evaluate ALT further. Although single or combination 
ALT solutions have demonstrated efficacy against antifungal biofilms both in vitro and in vivo, more clinical data on their 
efficacy and safety across diverse patients populations are required. A critical concern regarding ALT is the stability and 
safety of relatively high drug concentrations used in lock solutions. Further research into the stability and safety of ALT 
agents is imperative. Established appropriate indications and standardized formulations for ALT solutions will maximize 
therapeutic efficacy and health economic benefits. Continued ALT research will address current challenges in treating 
fungal infections and promote medical technology innovation and development. Optimizing ALT and antifungal drug 
formulations will enhance treatment effectiveness, mitigate risks, and improve patient care.

https://doi.org/10.2147/DDDT.S501664                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 698

Li et al                                                                                                                                                                                

Powered by TCPDF (www.tcpdf.org)



Abbreviations
ABCD, amphotericin B colloidal dispersion; ABLC, amphotericin B lipid complex; ALT, antifungal lock therapy; AmB, 
amphotericin B; AND, anidulafungin; CAS, caspofungin; CN, cerium nitrate; COVID-19, coronavirus disease 2019; 
CRBSIs, catheter-related bloodstream infections; CRI, catheter-related infection; CVCs, Central venous catheters; 
d-AmB, deoxycholate-AmB; DC, direct electric current; EtOH, ethanol; FFS, film-forming system; HClO, hypochlorous 
acid; L-AmB, liposomal AmB; MDR, multidrug-resistant; MFG, micafungin; MN, Miconazole nitrate; MY, Myricetin; 
TZB, tazobactam; US, the United States.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Consent for Publication
The Author confirms that the work described has not been published before.

Funding
This study was supported by the Science and Technology Department of National Administration of Traditional Chinese 
Medicine and Health Commission of Shandong Province jointly established the traditional Chinese Medicine Science 
and Technology Project [No. GZY-KJS-SD-2023-065], China Postdoctoral Science Foundation [No. 2022M721336], 
Youth Science Foundation Nurturing Funding Scheme of Shandong First Medical University [No. 202201-024], 
Shandong Medical Association Clinical Research Fund [No. YXH2022ZX02073], Tai’an Science and Technology 
Innovation Development Project [No. 2020NS232], Joint Innovation Team for Clinical & Basic Research of Shandong 
First Medical University [No. 202408], and Youth Science and Technology Innovation Project of Shandong Province 
Maternal and Child Health [NO. SFYZXJJ-2024006] & [NO. SFYZXJJ-2024019].

Disclosure
The authors declare that they have no competing interests.

References
1. Leonidou L, Gogos CA. Catheter-related bloodstream infections: catheter management according to pathogen. Int J Antimicrob Agents. 2010;36 

(Suppl 2):S26–S32. doi:10.1016/j.ijantimicag.2010.11.004
2. Ziegler MJ, Pellegrini DC, Safdar N. Attributable mortality of central line associated bloodstream infection: systematic review and meta-analysis. 

Infection. 2015;43(1):29–36. doi:10.1007/s15010-014-0689-y
3. Kovács R, Majoros L. Antifungal lock therapy: an eternal promise or an effective alternative therapeutic approach? Lett Appl Microbiol. 2022;74 

(6):851–862. doi:10.1111/lam.13653
4. Pittiruti M, Bertoglio S, Scoppettuolo G, et al. Evidence-based criteria for the choice and the clinical use of the most appropriate lock solutions for 

central venous catheters (excluding dialysis catheters): a GAVeCeLT consensus. J Vasc Access. 2016;17(6):453–464. doi:10.5301/jva.5000576
5. Scaglione G, Colaneri M, Offer M, et al. Epidemiology and clinical insights of catheter-related candidemia in non-ICU patients with vascular 

access devices. Microorganisms. 2024;12(8):1597. doi:10.3390/microorganisms12081597
6. Ko KS, Lee JY, Song JH, et al. In vitro evaluation of antibiotic lock technique for the treatment of candida albicans, C. glabrata, and C. tropicalis 

Biofilms. Korean Med Sci. 2010;25(12):1722–1726. doi:10.3346/jkms.2010.25.12.1722
7. Kuhn DM, George T, Chandra J, et al. Antifungal susceptibility of candida biofilms: unique efficacy of amphotericin b lipid formulations and 

echinocandins. Antimicrob Agents Chemother. 2002;46(6):1773–1780. doi:10.1128/AAC.46.6.1773-1780.2002
8. Öncü S. In vitro effectiveness of antifungal lock solutions on catheters infected with Candida species. J Infect Chemother. 2011;17(5):634–639. 

doi:10.1007/s10156-011-0224-3
9. da Rocha LF, Pippi B, Joaquim AR, et al. 8-hydroxyquinoline-5-(N-4-chlorophenyl) sulfonamide and fluconazole combination as a preventive 

strategy for Candida biofilm in haemodialysis devices. J Med Microbiol. 2021;70(7):10.1099/jmm.0.001377. doi:10.1099/jmm.0.001377
10. Nagy F, Vitális E, Jakab Á, et al. In vitro and in vivo effect of exogenous farnesol exposure against Candida auris. Front Microbiol. 2020;11:957. 

doi:10.3389/fmicb.2020.00957
11. Felix L, Whitely C, Tharmalingam N, et al. Auranofin coated catheters inhibit bacterial and fungal biofilms in a murine subcutaneous model. Front 

Cell Infect Microbiol. 2023;13:1135942. doi:10.3389/fcimb.2023.1135942

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S501664                                                                                                                                                                                                                                                                                                                                                                                                    699

Li et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.ijantimicag.2010.11.004
https://doi.org/10.1007/s15010-014-0689-y
https://doi.org/10.1111/lam.13653
https://doi.org/10.5301/jva.5000576
https://doi.org/10.3390/microorganisms12081597
https://doi.org/10.3346/jkms.2010.25.12.1722
https://doi.org/10.1128/AAC.46.6.1773-1780.2002
https://doi.org/10.1007/s10156-011-0224-3
https://doi.org/10.1099/jmm.0.001377
https://doi.org/10.3389/fmicb.2020.00957
https://doi.org/10.3389/fcimb.2023.1135942


12. Mo F, Zhang P, Li Q, et al. Development and evaluation of a film forming system containing myricetin and miconazole nitrate for preventing 
Candida albicans catheter-related infection. Microb Drug Resist. 2022;28(4):468–483. doi:10.1089/mdr.2021.0242

13. Basas J, Morer A, Ratia C, et al. Efficacy of anidulafungin in the treatment of experimental Candida parapsilosis catheter infection using an 
antifungal-lock technique. J Antimicrob Chemother. 2016;71(10):2895–2901. doi:10.1093/jac/dkw251

14. Reginatto P, Bergamo VZ, Berlitz SJ, et al. Rational selection of antifungal drugs to propose a new formulation strategy to control Candida biofilm 
formation on venous catheters. Braz J Microbiol. 2020;51(3):1037–1049. doi:10.1007/s42770-020-00242-z

15. Sidrim JJ, Teixeira CE, Cordeiro RA, et al. β-Lactam antibiotics and vancomycin inhibit the growth of planktonic and biofilm Candida spp.: an 
additional benefit of antibiotic-lock therapy? Int J Antimicrob Agents. 2015;45(4):420–423. doi:10.1016/j.ijantimicag.2014.12.012

16. Vargas-Cruz N, Reitzel RA, Rosenblatt J, et al. Nitroglycerin-citrate-ethanol catheter lock solution is highly effective for in vitro eradication of 
Candida auris Biofilm. Antimicrob Agents Chemother. 2019;63(7):e00299–19. doi:10.1128/AAC.00299-19

17. Fujimoto K, Takemoto K. Efficacy of liposomal amphotericin B against four species of Candida biofilms in an experimental mouse model of 
intravascular catheter infection. J Infect Chemother. 2018;24(12):958–964. doi:10.1016/j.jiac.2018.08.011

18. Basas J, Palau M, Gomis X, et al. Efficacy of liposomal amphotericin B and anidulafungin using an antifungal lock technique (ALT) for catheter- 
related Candida albicans and Candida glabrata infections in an experimental model. PLoS One. 2019;14(2):e0212426. doi:10.1371/journal. 
pone.0212426

19. Yang M, Du K, Hou Y, et al. Synergistic antifungal effect of amphotericin b-loaded poly(Lactic-Co-Glycolic Acid) nanoparticles and ultrasound 
against Candida albicans Biofilms. Antimicrob Agents Chemother. 2019;63(4):e02022–18. doi:10.1128/AAC.02022-18

20. van Eck van der Sluijs A, Eekelschot KZ, Frakking FN, et al. Salvage of the peritoneal dialysis catheter in Candida peritonitis using amphotericin B 
catheter lock. Perit Dial Int. 2021;41(1):110–114. doi:10.1177/0896860820923238

21. DiMondi V P, Townsend ML, Johnson M, et al. Antifungal catheter lock therapy for the management of a persistent Candida albicans bloodstream 
infection in an adult receiving hemodialysis. Pharmacotherapy. 2014;34(7):e120–e127. doi:10.1002/phar.1433

22. Denning DW. Echinocandin antifungal drugs. Lancet. 2003;362(9390):1142–1151. doi:10.1016/S0140-6736(03)14472-8
23. Salinas B, Guembe M, Cussó L, et al. Assessment of the anti-biofilm effect of micafungin in an animal model of catheter-related candidemia. Med 

Mycol. 2019;57(4):496–503. doi:10.1093/mmy/myy065
24. Sumiyoshi M, Miyazaki T, Makau JN, et al. Novel and potent antimicrobial effects of caspofungin on drug-resistant Candida and bacteria. Sci Rep. 

2020;10(1):17745. doi:10.1038/s41598-020-74749-8
25. Kovács R, Nagy F, Tóth Z, et al. Synergistic effect of nikkomycin Z with caspofungin and micafungin against Candida albicans and Candida 

parapsilosis biofilms. Lett Appl Microbiol. 2019;69(4):271–278. doi:10.1111/lam.13204
26. Kovács R, Nagy F, Tóth Z, et al. The Neosartorya fischeri Antifungal Protein 2 (NFAP2): a new potential weapon against multidrug-resistant 

Candida auris Biofilms. Int J mol Sci. 2021;22(2):771. doi:10.3390/ijms22020771
27. Piersigilli F, Auriti C, Bersani I. Antifungal lock therapy with combined 70% ethanol and micafungin in a critically ill infant. Pediatr Infect Dis J. 

2014;33(4):419–420. doi:10.1097/INF.0000000000000116
28. Miceli MH, Bernardo SM, Lee SA. In vitro analyses of the combination of high-dose doxycycline and antifungal agents against Candida albicans 

biofilms. Int J Antimicrob Agents. 2009;34(4):326–332. doi:10.1016/j.ijantimicag.2009.04.011
29. Ku TS, Palanisamy SK, Lee SA. Susceptibility of Candida albicans biofilms to azithromycin, tigecycline and vancomycin and the interaction 

between tigecycline and antifungals.Int J Antimicrob Agents. 2010;36(5):441–446. doi:10.1016/j.ijantimicag.2010.06.034
30. Lown L, Peters BM, Walraven CJ, et al. An optimized lock solution containing micafungin, ethanol and doxycycline inhibits Candida albicans and 

mixed C. albicans - Staphyloccoccus aureus Biofilms. PLoS One. 2016;11(7):e0159225. doi:10.1371/journal.pone.0159225
31. Chandra J, Long L, Isham N, et al. In vitro and in vivo activity of a novel catheter lock solution against bacterial and fungal Biofilms. Antimicrob 

Agents Chemother. 2018;62(8):e00722–18. doi:10.1128/AAC.00722-18
32. Alonso B, Pérez-Granda MJ, Latorre MC, et al. Is heparinized 40% ethanol lock solution efficient for reducing bacterial and fungal biofilms in an in 

vitro model? PLoS One. 2019;14(8):e0221702. doi:10.1371/journal.pone.0221702
33. Reitzel RA, Rosenblatt J, Gerges BZ, et al. Minocycline-EDTA-ethanol antimicrobial catheter lock solution is highly effective in vitro for 

eradication of Candida auris Biofilms. Antimicrob Agents Chemother. 2020;64(4):e02146–19. doi:10.1128/AAC.02146-19
34. Visek J, Ryskova L, Machacova A, et al. In vitro comparison of the effectiveness of various antimicrobial locks with taurolidine in the treatment 

and prevention of catheter-related bloodstream infections in patients receiving parenteral nutrition. Nutrition. 2023;114:112115. doi:10.1016/j. 
nut.2023.112115

35. Olthof ED, Nijland R, Gülich AF, et al. Microbiocidal effects of various taurolidine containing catheter lock solutions. Clin Nutr. 2015;34(2):309– 
314. doi:10.1016/j.clnu.2014.04.023

36. Visek J, Ryskova L, Safranek R, et al. In vitro comparison of efficacy of catheter locks in the treatment of catheter related blood stream infection. 
Clin Nutr ESPEN. 2019; 30: 107–112. doi:10.1016/j.clnesp.2019.01.010

37. Liu F, Hansra S, Crockford G, et al. Tetrasodium EDTA is effective at eradicating biofilms formed by clinically relevant microorganisms from 
patients’central venous catheters. mSphere. 2018;3(6):e00525–18. doi:10.1128/mSphere.00525-1839

38. Silva-Dias A, Miranda IM, Branco J, et al. In vitro antifungal activity and in vivo antibiofilm activity of cerium nitrate against Candida species. J 
Antimicrob Chemother. 2015;70(4):1083–1093. doi:10.1093/jac/dku51140

39. Chan AKY, Tsang YC, Chu CH, et al. Aspirin as an antifungal-lock agent in inhibition of candidal biofilm formation in surgical catheters. Infect 
Drug Resist. 2021;14:1427–1433. doi:10.2147/IDR.S30826241

40. Palau M, Muñoz E, Lujan E, et al. In vitro and in vivo antimicrobial activity of hypochlorous acid against drug-resistant and biofilm-producing 
strains. Microbiol Spectr. 2022;10(5):e0236522. doi:10.1128/spectrum.02365-22

41. Savarese I, Yazami S, De Rose DU, et al. Use of 2% taurolidine lock solution for treatment and prevention of catheter-related bloodstream 
infections in neonates: a feasibility study. J Hosp Infect. 2024; 143: 76–81. doi:10.1016/j.jhin.2023.11.00343

42. Diamanti A, Capriati T, Iacono A, et al. Recurrent catheter related bloodstream infections by Candida glabrata: successful treatment with 
taurolidine Clin Nutr. 2014;33(2):367. doi:10.1016/j.clnu.2014.01.01044

43. Myers E, Allwood MC, Gidley MJ et al. The relationship between structure and activity of taurolin. J Appl Bacteriol. 1980;48(1):89–96. 
doi:10.1111/j.1365-2672.1980.tb05210.x45

https://doi.org/10.2147/DDDT.S501664                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 700

Li et al                                                                                                                                                                                

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1089/mdr.2021.0242
https://doi.org/10.1093/jac/dkw251
https://doi.org/10.1007/s42770-020-00242-z
https://doi.org/10.1016/j.ijantimicag.2014.12.012
https://doi.org/10.1128/AAC.00299-19
https://doi.org/10.1016/j.jiac.2018.08.011
https://doi.org/10.1371/journal.pone.0212426
https://doi.org/10.1371/journal.pone.0212426
https://doi.org/10.1128/AAC.02022-18
https://doi.org/10.1177/0896860820923238
https://doi.org/10.1002/phar.1433
https://doi.org/10.1016/S0140-6736(03)14472-8
https://doi.org/10.1093/mmy/myy065
https://doi.org/10.1038/s41598-020-74749-8
https://doi.org/10.1111/lam.13204
https://doi.org/10.3390/ijms22020771
https://doi.org/10.1097/INF.0000000000000116
https://doi.org/10.1016/j.ijantimicag.2009.04.011
https://doi.org/10.1016/j.ijantimicag.2010.06.034
https://doi.org/10.1371/journal.pone.0159225
https://doi.org/10.1128/AAC.00722-18
https://doi.org/10.1371/journal.pone.0221702
https://doi.org/10.1128/AAC.02146-19
https://doi.org/10.1016/j.nut.2023.112115
https://doi.org/10.1016/j.nut.2023.112115
https://doi.org/10.1016/j.clnu.2014.04.023
https://doi.org/10.1016/j.clnesp.2019.01.010
https://doi.org/10.1128/mSphere.00525-1839
https://doi.org/10.1093/jac/dku51140
https://doi.org/10.2147/IDR.S30826241
https://doi.org/10.1128/spectrum.02365-22
https://doi.org/10.1016/j.jhin.2023.11.00343
https://doi.org/10.1016/j.clnu.2014.01.01044
https://doi.org/10.1111/j.1365-2672.1980.tb05210.x45


44. van den Bosch CH, Jeremiasse B, van der Bruggen JT, et al. The efficacy of taurolidine containing lock solutions for the prevention of central- 
venous-catheter-related bloodstream infections: a systematic review and meta-analysis. J Hosp Infect. 2022;123:143–155. doi:10.1016/j. 
jhin.2021.10.02246

45. FDA approves new drug under special pathway for patients receiving hemodialysis.[2023-11-15]. https://www.fda.gov/drugs/news-events-human- 
drugs/fda-approves-new-drug-under-special-pathway-patients-receiving-hemodialysis. Accesed 01 January.

46. Shah CB, Mittelman MW, Costerton JW, et al. Antimicrobial activity of a novel catheter lock solution. Antimicrob Agents Chemother. 2002;46 
(6):1674–1679. doi:10.1128/AAC.46.6.1674-1679.200248

47. Simon A, Ammann RA, Wiszniewsky G, et al. Taurolidine-citrate lock solution (TauroLock) significantly reduces CVAD-associated grampositive 
infections in pediatric cancer patients. BMC Infect Dis. 2008;8:102. doi:10.1186/1471-2334-8-10249

48. Solomon LR, Cheesbrough JS, Bhargava R et al. Observational study of need for thrombolytic therapy and incidence of bacteremia using 
taurolidine-citrate-heparin, taurolidine-citrate and heparin catheter locks in patients treated with hemodialysis. Semin Dial. 2012;25(2):233–238. 
doi:10.1111/j.1525-139X.2011.00951.x50

49. Sebaa S, Boucherit-Otmani Z, Courtois P, et al. Effects of tyrosol and farnesol on Candida albicans biofilm. Mol Med Rep. 2019;19(4):3201–3209. 
doi:10.3892/mmr.2019.9981

50. Katragkou A, McCarthy M, Alexander EL, et al. In vitro interactions between farnesol and fluconazole, amphotericin B or micafungin against 
Candida albicans biofilms. J Antimicrob Chemother. 2015;70(2):470–478. doi:10.1093/jac/dku374

51. Nickel B, Gorski L, Kleidon T, et al. Infusion therapy standards of practice, 9th Edition. J Infus Nurs. 2024;47(1S Suppl 1):S1–S285. doi:10.1097/ 
NAN.000000000000053247

52. Buetti N, Marschall J, Drees M, et al. Strategies to prevent central line-associated bloodstream infections in acute-care hospitals: 2022 update. 
Infect Control Hosp Epidemiol. 2022;43(5):553–569. doi:10.1017/ice.2022.8748

53. Chaves F, Garnacho-Montero J, Del Pozo JL, et al. Diagnosis and treatment of catheter-related bloodstream infection: clinical guidelines of the 
Spanish Society of Infectious Diseases and Clinical Microbiology and (SEIMC) and the Spanish Society of Spanish Society of Intensive and 
Critical Care Medicine and Coronary Units (SEMICYUC). Med Intensiva. 2018;42(1):5–36. doi:10.1016/j.medin.2017.09.01249

54. Mermel LA, Allon M, Bouza E, et al. Clinical practice guidelines for the diagnosis and management of intravascular catheter-related infection: 
2009 update by the infectious diseases society of America. Clin Infect Dis. 2010;50(7):1079.

55. Buonsenso D, Salerno G, Sodero G, et al. Catheter salvage strategies in children with central venous catheter-related or -associated bloodstream 
infections: a systematic review and meta-analysis. J Hosp Infect. 2022;125:1–20. doi:10.1016/j.jhin.2022.03.010

56. Cateau E, Berjeaud JM, Imbert C. Possible role of azole and echinocandin lock solutions in the control of Candida biofilms associated with silicone. 
Int J Antimicrob Agents. 2011;37(4):380–384. doi:10.1016/j.ijantimicag.2010.12.016

57. Yousif A, Jamal MA, Raad I. Biofilm-based central line-associated bloodstream infections. Adv Exp Med Biol. 2015;830:157–179.

Drug Design, Development and Therapy                                                                                     

Publish your work in this journal 
Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development 
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines 
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

Drug Design, Development and Therapy 2025:19                                                                                     701

Li et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.jhin.2021.10.02246
https://doi.org/10.1016/j.jhin.2021.10.02246
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-new-drug-under-special-pathway-patients-receiving-hemodialysis
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-new-drug-under-special-pathway-patients-receiving-hemodialysis
https://doi.org/10.1128/AAC.46.6.1674-1679.200248
https://doi.org/10.1186/1471-2334-8-10249
https://doi.org/10.1111/j.1525-139X.2011.00951.x50
https://doi.org/10.3892/mmr.2019.9981
https://doi.org/10.1093/jac/dku374
https://doi.org/10.1097/NAN.000000000000053247
https://doi.org/10.1097/NAN.000000000000053247
https://doi.org/10.1017/ice.2022.8748
https://doi.org/10.1016/j.medin.2017.09.01249
https://doi.org/10.1016/j.jhin.2022.03.010
https://doi.org/10.1016/j.ijantimicag.2010.12.016
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Drugs and Compounds Used for Antifungal Lock therapy
	Azoles
	Polyenes
	Echinocandins
	Antibiotics
	Ethanol
	Taurolidine
	Tetrasodium EDTA
	Repurposed Agents and Adjunctive Agents

	Discussion and Conclusion
	Abbreviations
	Author Contributions
	Consent for Publication
	Funding
	Disclosure
	References

