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ABSTRACT 

Using a murine model of disseminated infection by Fusarium verticillioides, the 

efficacy of liposomal amphotericin (L-AmB) B at 10 mg/kg body weight once daily 

and terbinafine (TRB) at 150 mg/kg body weight twice daily, alone and in 

combination, was evaluated. The combination of L-AmB with TRB was the only 

treatment able to prolong survival and to reduce fungal loads in the spleen and 

kidneys of mice infected with either strain of F. verticillioides used. The results 

suggest that this combination may have a role in the treatment of F. verticillioides 

infection. 
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1. Introduction 

Fusarium spp. are important plant pathogens able to cause a broad range of 

infections in humans, including superficial, locally invasive and disseminated 

infections with a high mortality rate, especially in haematological patients [1,2]. The 

most common Fusarium spp. involved in human infections are members of the 

Fusarium solani, Fusarium oxysporum and Gibberella fujikuroi species complexes 

[3]. Fusarium verticillioides is a member of the latter group, this species being mainly 

isolated from deep-seated infections [4]. However, the real incidence of this species 

in human infection is unknown due to confusion caused by its morphological 

similarity to other species of the G. fujikuroi species complex [5,6] and the frequent 

lack of identification to species level of isolates causing fusariosis. Infections caused 

by Fusarium spp. are frequently resistant to antifungal therapy in general. The 

recommended therapy for fusariosis is high doses of amphotericin B (AmB) (or its 

lipid formulation) or voriconazole; however, clinical practice has shown that these 

drugs have poor activity [1]. Since use of monotherapy to treat systemic fusariosis is 

not completely satisfactory, combined therapy could be another option. 

 

Although in the clinical setting combined therapy has demonstrated some efficacy [7–

9], there are not yet enough data available to recommend such an approach for the 

treatment of fusariosis. In vitro susceptibility testing has shown that terbinafine (TRB) 

is active against F. verticillioides [minimum inhibitory concentration (MIC) range 

0.125–1 mg/L] [5] and its combination with other drugs has shown synergy [10] and 

clinical success [8,9]. For these reasons, we evaluated the efficacy of the 

combination of TRB with liposomal AmB (L-AmB) in a neutropenic murine model of 

disseminated infection by F. verticillioides. 
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2. Materials and methods 

2.1. Fungi 

Two clinical isolates of F. verticillioides (FMR 8585 and FMR 9434) were used in the 

study. Fungi were stored at –80 C in potato dextrose broth with glycerol and were 

subcultured on potato dextrose agar (PDA) at 30 C prior to testing. Inocula were 

prepared by flooding the surface of the agar plates with sterile saline, scraping the 

sporulating mycelium with a culture loop and drawing up the resultant suspension 

with a sterile Pasteur pipette. The suspensions were then filtered once through sterile 

gauze to remove hyphae. The resulting suspensions of conidia were adjusted to the 

desired inoculum size by counting with a haemocytometer. Dilutions of the original 

suspension were subcultured on PDA plates to confirm haemocytometer counts. 

 

2.2. In vitro studies 

In vitro susceptibility of both strains was determined by the broth microdilution 

reference method according to Clinical and Laboratory Standards Institute (CLSI) 

guidelines for filamentous fungi [11]. For AmB the endpoint criterion used was 100% 

inhibition of growth, and for TRB the MIC was defined as the lowest concentration at 

which there was 80% inhibition of growth. Paecilomyces variotii ATCC 36257 was 

used as a quality control strain. 

 

Drug interactions were assessed using the checkerboard microdilution method [12] to 

determine the fractional inhibitory concentration index (FICI), which is the sum of the 
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fractional inhibitory concentration (FIC) of each of the drugs, which in turn is defined 

as the MIC of each drug when used in combination divided by the MIC of the drug 

when used alone, i.e. FICI = FIC drug A + FIC drug B = (MIC drug A in 

combination/MIC drug A alone) + (MIC drug B in combination/MIC drug B alone). 

 

2.3. Animals 

Male OF1 mice (Charles River, Criffa S.A., Barcelona, Spain) with a mean weight of 

30 g were used. Animals were housed in standard boxes with corncob bedding and 

had free access to food and water. All animal experiments were approved by the 

Animal Welfare Committee of the Universitat Rovira i Virgili (Reus, Spain). 

 

2.4. Drugs 

The drugs tested were L-AmB (AmBisome; Gilead Sciences S.A., Madrid, Spain) and 

TRB (Novartis, Basel, Switzerland). 

 

2.5. Immunosuppression 

Mice were immunosuppressed by a single intraperitoneal injection of 200 mg of 

cyclophosphamide/kg of body weight plus a single intravenous (i.v.) injection of 150 

mg of 5-fluorouracil/kg on the same day of challenge [13]. 

 

2.6. Infection and therapy 

For both strains tested, mice were challenged with 1  107 colony-forming units 

(CFU) in 0.2 mL of sterile saline injected into the lateral tail vein. Preliminary 
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experiments demonstrated that this inoculum was appropriate for producing an acute 

infection, with 90% of the animals dying within 11 days (data not shown). The 

efficacy of the different treatments was evaluated through prolongation of survival 

and reduction in fungal tissue burden in the spleen and kidneys of infected mice. 

Groups of 20 mice were established for each strain and each treatment. Ten mice 

were chosen randomly for survival studies and the other ten were used for tissue 

burden studies. The different groups were treated as follows: L-AmB at 10 mg/kg 

body weight/dose i.v. once daily; TRB at 150 mg/kg body weight/dose orally twice 

daily (total dose 300 mg/kg/day); and L-AmB + TRB at the abovementioned doses. 

Control animals received no treatment. All treatments began 1 day after challenge 

and the therapy lasted for 10 days. Mouse survival was evaluated daily for 30 days 

after challenge. 

 

For tissue burden studies, mice were sacrificed on Day 6 after infection. The spleen 

and kidneys were removed aseptically and the complete organs were homogenised 

in 1 mL of sterile saline. Serial 10-fold dilutions of the homogenates were plated on 

PDA and were incubated for 48 h at 30 C. Data are expressed as log10 CFU/g of 

tissue. 

 

2.7. Statistics 

Mean survival time was estimated by the Kaplan–Meier method and was compared 

among groups using the log-rank test. In tissue burden studies, colony counts were 

analysed using the Mann–Whitney U-test. A P-value of 0.05 was considered 

statistically significant. 
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3. Results 

TRB was the most active drug, showing MICs of 0.125 mg/L for the two strains 

tested. AmB showed an MIC of 2 mg/L for strain FMR 9434 and 4 mg/L for strain 

FMR 8585. The combination of AmB + TRB showed indifferent interactions against 

the two strains tested (FICI = 2 for strain FMR 9434 and 0.98 for strain FMR 8585). 

 

All treatments significantly prolonged survival compared with that of the control group 

(P < 0.05), with the exception of TRB for strain FMR 8585 (Fig. 1). 

 

The effects of the different treatments on tissue burden studies are shown in Fig. 2. 

The spleen and kidneys of untreated animals showed high fungal loads, with the 

spleen being the most affected organ. L-AmB given alone was able to significantly 

reduce fungal burden in the spleen of mice infected with strain FMR 9434 and in the 

kidneys of mice infected with strain FMR 8585 in comparison with that of the control 

group (P = 0.005 and P = 0.089, respectively). TRB given alone was not able to 

significantly reduce tissue burden in any of the organs tested. In all cases, the 

combination of L-AmB + TRB significantly reduced the fungal load in the spleen and 

kidneys compared with that of the control group (P = 0.035 and P = 0.0001, 

respectively). 

 

4. Discussion 

The high MICs of AmB against the two strains tested in this study are in agreement 

with in vitro data reported previously by other authors [4,14,15]. By contrast, data are 

controversial regarding the in vitro susceptibility of F. verticillioides to TRB. Whilst in 
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this study low MICs for TRB were obtained, others have reported high MICs for this 

antifungal agent [14]. 

 

In an immunocompetent murine model of disseminated infection by F. verticillioides, 

L-AmB showed efficacy [16]; however, in immunosuppressed animals, such as in this 

study, the drug shows poor efficacy. This correlates with clinical practice where, 

regardless of the antifungal treatment used, if the patient’s neutropenia is not 

reversed [15] the mortality rate of disseminated fusariosis is near 100% [1,15]. In the 

clinical setting there are few, and contradictory, data on the use of L-AmB for 

treatment of F. verticillioides infection. Whilst this drug showed satisfactory results 

following failure of AmB in two cases of disseminated infection [17,18], in a recent 

case of disseminated infection by the same fungus L-AmB given alone was unable to 

resolve the infection, which was cured when voriconazole was added to the 

treatment [19]. We observed a poor correlation between in vitro results and the in 

vivo efficacy of TRB in a murine model. TRB was effective in prolonging the survival 

rate for only one strain, but not in reducing the tissue burden in any of the organs 

tested, despite having shown good in vitro activity. There are no described murine 

models for studying TRB kinetics. However, in rats, as well in humans, the high 

affinity of this drug for skin and adipose tissue as well as its low uptake and efflux in 

these tissues have been demonstrated. Maximum concentrations of TRB of 1.2 mg/L 

and 1.6 mg/L at 1.5 h after the administration of single doses of 500 mg and 750 mg, 

respectively, have been described [20]. It is possible that TRB in mice has similar 

kinetics, therefore large doses administered do not produced high plasma levels. 
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In the few clinical cases of disseminated fusariosis where combined antifungal 

therapy was satisfactorily used, the infection was never been caused by F. 

verticillioides [7,21]. To our knowledge, there are no data on the evaluation of 

combined therapy of L-AmB + TRB in experimental animal models of fusariosis. We 

assayed this combined treatment owing to the in vitro susceptibility of F. verticillioides 

to TRB and its common in vitro resistance to other antifungals such as AmB, triazoles 

and echinocandins [5]. In this study, this therapeutic approach was effective. 

However, this combination had already showed efficacy in a few clinical cases 

against other Fusarium spp. [8,9]. 

 

In conclusion, these results suggest that L-AmB combined with TRB is promising for 

the treatment of infections by F. verticillioides. 

 

Funding 

None. 

 

Competing interests 

None declared. 

 

Ethical approval 

Animal Welfare Committee of the Universitat Rovira i Virgili (Reus, Spain) 



Page 10 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

References 

[1] Nucci M, Anaissie E. Fusarium infections in immunocompromised patients. Clin 

Microbiol Rev 2007;20:695–704. 

[2] Nucci M, Marr KA, Queiroz-Telles F, Martins CA, Trabasso P, Costa S, et al. 

Fusarium infection in hematopoietic stem cell transplant recipients. Clin Infect Dis 

2004;38:1237–42. 

[3] O'Donnell K, Sarver BA, Brandt M, Chang DC, Noble-Wang J, Park BJ, et al. 

Phylogenetic diversity and microsphere array-based genotyping of human 

pathogenic Fusaria, including isolates from the multistate contact lens-associated 

U.S. keratitis outbreaks of 2005 and 2006. J Clin Microbiol 2007;45:2235–48. 

[4] Tortorano AM, Prigitano A, Dho G, Esposto MC, Gianni C, Grancini A, et al. 

Species distribution and in vitro antifungal susceptibility patterns of 75 clinical 

isolates of Fusarium spp. from northern Italy. Antimicrob Agents Chemother 

2008;52:2683–5. 

[5] Azor M, Gene J, Cano J, Sutton DA, Fothergill AW, Rinaldi MG, et al. In vitro 

antifungal susceptibility and molecular characterization of clinical isolates of 

Fusarium verticillioides (F. moniliforme) and Fusarium thapsinum. Antimicrob 

Agents Chemother 2008;52:2228–31. 

[6] Nirenberg HI, O'Donnell K. New Fusarium species and combinations within the 

Gibberella fujikuroi species complex. Mycologia 1998;90:434–58. 

[7] Guzman-Cottrill JA, Zheng X, Chadwick EG. Fusarium solani endocarditis 

successfully treated with liposomal amphotericin B and voriconazole. Pediatr 

Infect Dis J 2004;23:1059–61. 

[8] Neuburger S, Massenkeil G, Seibold M, Lutz C, Tamm I, le Coutre P, et al. 

Successful salvage treatment of disseminated cutaneous fusariosis with liposomal 



Page 11 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

amphotericin B and terbinafine after allogeneic stem cell transplantation. Transpl 

Infect Dis 2008;10:290–3. 

[9] Rothe A, Seibold M, Hoppe T, Seifert H, Engert A, Caspar C, et al. Combination 

therapy of disseminated Fusarium oxysporum infection with terbinafine and 

amphotericin B. Ann Hematol 2004;83:394–7. 

[10] Ortoneda M, Capilla J, Javier Pastor F, Pujol I, Guarro J. In vitro interactions of 

licensed and novel antifungal drugs against Fusarium spp. Diagn Microbiol Infect 

Dis 2004;48:69–71. 

[11] Clinical and Laboratory Standards Institute. Reference method for broth 

dilution antifungal susceptibility testing of filamentous fungi; approved standard. 

2nd ed. Document M38-A2. Wayne, PA: CLSI; 2008. 

[12] Eliopoulos GM, Moellering RC. Antimicrobial combinations. In: Lorian V, 

editor. Antibiotics in laboratory medicine. 3rd ed. Baltimore, MD: Williams & 

Wilkins; 1991. p. 432–92. 

[13] Sun QN, Najvar LK, Bocanegra R, Loebenberg D, Graybill JR. In vivo activity 

of posaconazole against Mucor spp. in an immunosuppressed-mouse model. 

Antimicrob Agents Chemother 2002;46:2310–2. 

[14] Alastruey-Izquierdo A, Cuenca-Estrella M, Monzon A, Mellado E, Rodriguez-

Tudela JL. Antifungal susceptibility profile of clinical Fusarium spp. isolates 

identified by molecular methods. J Antimicrob Chemother 2008;61:805–9. 

[15] Ho DY, Lee JD, Rosso F, Montoya JG. Treating disseminated fusariosis: 

amphotericin B, voriconazole or both? Mycoses 2007;50:227–31. 

[16] Ortoneda M, Capilla J, Pastor FJ, Pujol I, Guarro J. Efficacy of liposomal 

amphotericin B in treatment of systemic murine fusariosis. Antimicrob Agents 

Chemother 2002;46:2273–5. 



Page 12 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

[17] Cofrancesco E, Boschetti C, Viviani MA, Bargiggia C, Tortorano AM, 

Cortellaro M, et al. Efficacy of liposomal amphotericin B (AmBisome) in the 

eradication of Fusarium infection in a leukaemic patient. Haematologica 

1992;77:280–3. 

[18] Dornbusch HJ, Buzina W, Summerbell RC, Lass-Florl C, Lackner H, 

Schwinger W, et al. Fusarium verticillioides abscess of the nasal septum in an 

immunosuppressed child: case report and identification of the morphologically 

atypical fungal strain. J Clin Microbiol 2005;43:1998–2001. 

[19] Tezcan G, Ozhak-Baysan B, Alastruey-Izquierdo A, Ogunc D, Ongut G, 

Yildiran ST, et al. Disseminated fusariosis caused by Fusarium verticillioides in an 

acute lymphoblastic leukemia patient after allogeneic hematopoietic stem cell 

transplantation. J Clin Microbiol 2009;47:278–81. 

[20] Hosseini-Yeganeh M, McLachlan AJ. Physiologically based pharmacokinetic 

model for terbinafine in rats and humans. Antimicrob Agents Chemother 

2002;46:2219–28. 

[21] Durand-Joly I, Alfandari S, Benchikh Z, Rodrigue M, Espinel-Ingroff A, Catteau 

B, et al. Successful outcome of disseminated Fusarium infection with skin 

localization treated with voriconazole and amphotericin B-lipid complex in a 

patient with acute leukemia. J Clin Microbiol 2003;41:4898–900. 



Page 13 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

Fig. 1. Cumulative mortality of mice infected with Fusarium verticillioides strains (A) 

FMR 9434 or (B) FMR 8585. L-AmB, liposomal amphotericin B at 10 mg/kg body 

weight intravenous once daily; TRB, terbinafine at 150 mg/kg body weight orally 

twice daily (total dose 300 mg/kg/day). Superscript a indicates P < 0.05 versus 

control. 

 

Fig. 2. Effects of antifungal treatment on colony counts of Fusarium verticillioides 

strains FMR 9434 or FMR 8585 in (A) spleen and (B) kidneys of neutropenic mice. L-

AmB, liposomal amphotericin B at 10 mg/kg body weight intravenous once daily; 

TRB, terbinafine at 150 mg/kg body weight orally twice daily (total dose 300 

mg/kg/day). ). Superscript a indicates P < 0.05 versus control. Horizontal lines 

indicate mean values. CFU, colony-forming units. 
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Edited Figure 1a

http://ees.elsevier.com/ijaa/download.aspx?id=138294&guid=11e44f10-df80-46d5-9a58-afdfa628f231&scheme=1
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Edited Figure 1b
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Edited Figure 2a
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Edited Figure 2b
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