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ABSTRACT

We studied the efficacy of voriconazole (VRC) and amphotericin B (AMB) in an
immunosuppressed murine model of disseminated infection by two strains of
Paecilomyces lilacinus. Mice were treated with VRC 60 mg/kg/day orally or
AMB 3 mg/kg/day intraperitoneally, beginning 1 day after infection and
continuing for 9 days. To avoid rapid clearance of VRC, animals receiving VRC
and the control group were given grapefruit juice instead of water. VRC
significantly prolonged survival with respect to the group treated with AMB and
the control group for both strains (P = 0.005 and P < 0.0001, respectively, for
strain FMR 5522; and P = 0.0002 and P < 0.0001, respectively, for strain FMR
8252). VRC reduced the fungal load in the spleen, kidneys and liver of infected
mice for both strains tested. Survival of mice challenged with strain FMR 8252
treated with AMB did not differ from that of the control group (P = 0.223), being
worse than that of the mice treated with VRC (P = 0.0002). AMB was not able to
reduce the tissue burden in any organ with respect to the control group for both

strains studied.
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1. Introduction

Paecilomyces lilacinus is an opportunistic filamentous fungus causing severe
infections both in immunocompetent and immunocompromised patients [1-4].
The most frequent clinical manifestations are oculomycosis and cutaneous and
subcutaneous infections [5-19]. Less frequently, however, this fungus can also
disseminate, probably due to this ability to sporulate in tissue, producing

numerous conidia that spread haematogenously [1,20].

In ophthalmic and skin infections caused by this fungus, several drugs have
been used, generally topically, but the optimal treatment for P. lilacinus infection
has not yet been established. Amphotericin B (AMB) is probably the most
commonly used drug for treating this infection, with most of the results being
negative or unknown [6,8,10,15,21-26], in agreement with the poor in vitro
response of P. lilacinus to this antifungal drug [1,27,28]. There is little data on
the activity of the newer triazoles either in vitro [28,29] or in animal models
[1,30], but the available data are promising. Although there is limited clinical
experience in the use of voriconazole (VRC), this drug appears to be effective in
the treatment of this fungal infection [1,31]. The aim of this study was to
evaluate the efficacy of VRC in a disseminated P. lilacinus infection in

neutropenic mice.

2. Materials and methods

Isolates FMR 5522 and FMR 8252, from knee joint fluid and of environmental

origin, respectively, were used in this study. Isolates were identified following
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morphological criteria [32] and by sequencing several genes. Their in vitro
susceptibility to AMB and VRC was tested using the broth microdilution method
following Clinical and Laboratory Standards Institute guidelines for filamentous
fungi [33]. Isolates were stored at —80 °C and prior to testing they were
subcultured on potato dextrose agar (PDA) at 30 °C. On the day of infection,
cultures on PDA were suspended in sterile saline and filtered through sterile
gauze to remove clumps of spores or hyphae. The resulting suspensions were
adjusted to the desired inoculum based on haemocytometer counts and by

serial plating on PDA to confirm viability.

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 free access to food and water. Two markers of efficacy were used,
namely prolongation of survival and reduction in tissue burden. The former was
evaluated through a lethal infection attained by using severe immunosuppression,
and the latter through a sublethal infection attained by using moderate
immunosuppression. Both regimens had been selected in a previous study [30].
For the survival study, mice were challenged with 1.2 x 10° colony-forming units
(CFU)/mouse for strain FMR 5522 or 0.6 x 108 CFU/mouse for strain FMR 8252
[30]. Severe immunosuppression was reached with a dose of cyclophosphamide
200 mg/kg body weight administered intraperitoneally (i.p.) on the day of infection
and two doses of 5-fluorouracil, one of 150 mg/kg body weight intravenously (i.v)
on the day of infection and another one of 75 mg/kg on Day 5 post infection. For
the tissue burden study, mice received cyclophosphamide 200 mg/kg body weight

administered i.p. plus 5-fluorouracil 150 mg/kg body weight administered i.v. 1 day
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prior to the infection to achieve moderate immunosuppression. For this study,
animals were challenged with 1.2 x 10" CFU/mouse of strain FMR 5522 or 0.6
x10” CFU/mouse of strain FMR 8252 [30]. Ten mice were used for survival
studies and ten for tissue burden studies, the latter group being identified before

the study started.

AMB (Fungizona®; Squibb Industria Farmacéutica S.A., Barcelona, Spain) was
administered i.p. at a dose of 3 mg/kg body weight/dose once daily [8]. VRC
(Vfend®; Pfizer Inc., Madrid, Spain) was administered orally at a dose of 60
mg/kg body weight/dose once daily. From 3 days prior to infection, mice
receiving VRC and the control group were given grapefruit juice (Hero Espafia,
Murcia, Spain) instead of water to block VRC metabolism and to increase its
serum concentration in mice to suitable levels for performing treatment studies
[34,35]. The selected dose of VRC has been shown previously to deliver
adequate plasma levels in mice when co-administered with grapefruit juice [36].
Preliminary experiments with strain FMR 5522 (data not shown) demonstrated
that VRC 60 mg/kg/day significantly prolonged the survival of mice in
comparison with VRC 40 mg/kg and the control group; survival of mice treated
with VRC 40 mg/kg was not different from that of the untreated control group.
Therefore, only the higher dose was tested in this study. All mice received
ceftazidime (5 mg/day subcutaneously) from Days 1 to 10 after infection to
prevent bacterial infection. All treatments began 24 h after challenge and the
therapies lasted for 10 days. Control animals received no treatment. Survival of
mice was evaluated daily for 20 days. For tissue burden studies, mice were

sacrificed on Day 11 post infection. Livers, spleens and kidneys were removed
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aseptically and were homogenised in 1 mL of sterile saline. Serial 10-fold
dilutions of the homogenates were plated on PDA and incubated for 24—72 h at 30
°C. Mean survival time was estimated by the Kaplan—Meier method and
compared among groups using the log-rank test. Colony counts in tissue burden
studies were analysed using the Mann—-Whitney U-test. Calculations were made
using SPSS 15.0 (SPSS Inc., Chicago, IL) and GraphPad 4.0 for Windows

(GraphPad Software Inc., La Jolla, CA).

3. Results

Minimal inhibitory concentrations were 32 ug/mL for AMB and 0.5 pug/mL for
VRC for both strains. Fig. 1 shows the results of the survival studies. VRC 60
mg/kg/day significantly prolonged survival with respect to the group treated with
AMB and the control group for both strains. Fig. 2 shows that with both strains
the fungal load was at least two log units higher in the spleen and liver than in
the kidneys. For strain FMR 8252, VRC 60 mg/kg/day was able to reduce
significantly the fungal load with respect to the control group and the group
receiving AMB in all three organs (Fig. 2d—f). For strain FMR 5522, VRC 60
mg/kg/day was able to reduce significantly the fungal load with respect to the
control group and the group receiving AMB in the spleen and kidneys only (Fig.

2a—C).

4. Discussion

In this study, we investigated the effect of VRC against a P. lilacinus infection

using the same murine model where previously posaconazole showed efficacy
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[30]. The low virulence of P. lilacinus previously described in an experimental
murine model of disseminated infection was also corroborated [37]. In the
survival study, severe immunosuppression was used to provoke an acute

infection, with all of the control animals dying within 10 days post infection.

Some data exist on the efficacy of triazoles in human paecilomycosis, especially
VRC [26,31,38,39]. Our results agree with these favourable data, since VRC
was able to reduce the fungal burden in the three organs studied for one strain
and in two organs for the other strain. Our results suggest that VRC may have a

clinical role in the treatment of disseminated paecilomycosis.

Funding
This work was supported by a grant from Fondo de Investigaciones Sanitarias

from the Ministerio de Sanidad y Consumo, Spain (Pl 050031).

Competing interests

None declared.

Ethical approval

All animal care procedures were supervised and approved by the Universitat

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

Page 7 of 15



References

[1] Pastor FJ, Guarro J. Clinical manifestations, treatment and outcome of
Paecilomyces lilacinus infections. Clin Microbiol Infect 2006;12:948-60.

[2] Carey J, D’Amico R, Sutton DA, Rinaldi MG. Paecilomyces lilacinus vaginitis
in an immuno-competent patient. Emerg Infect Dis 2003;9:1155-8.

[3] Castro LGM, Salebian A, Sotto MN. Hyalohyphomycosis by Paecilomyces
lilacinus in a renal transplant recipient and a review of human Paecilomyces
species infections. J Med Vet Mycol 1990;28:15-26.

[4] Itin PH, Frei R, Lautenschlager S, Buechner SA, Surber C, Gratwohl A, et al.
Cutaneous manifestations of Paecilomyces lilacinus infection induced by a
contaminated skin lotion in patients who are severely immunosuppressed. J
Am Acad Dermatol 1998;39:401-9.

[5] Gutierrez-Rodero F, Morganon M, Ortiz de la Tabla V, Mayoll MJ, Martin C.
Cutaneous hyalohyphomycosis caused by Paecilomyces lilacinus in an
immunocompetent host successfully treated with itraconazole: case report
and review. Eur J Clin Microbiol Infect Dis 1999;18:814-8.

[6] Orth B, Frei R, Itin PH, Rinaldi MG, Speck B, Gratwohl A, et al. Outbreak of
invasive mycoses caused by Paecilomyces lilacinus from a contaminated
skin lotion. Ann Intern Med 1996;125:799-806.

[7] Minogue MJ, Playfair TJ, Gregory-Roberts JC, Robinson LP. Cure of
Paecilomyces endophthalmitis with multiple intravitreal injections of
amphotericin B. Case report. Arch Ophthalmol 1989;107:1281.

[8] D’Mellow G, Hirst LW, Whitby M, Nimmo G, Stallard K. Intralenticular

infections. Ophthalmology 1991;98:1376-8.

Page 8 of 15



[9] Hirst LW, Sebban A, Whitby M, Nimmo G, Stallard K. Non-traumatic mycotic
keratitis. Eye (Lond) 1992;6:391-5.

[10] Domniz Y, Lawless M, Sutton GL, Rogers CM, Meagher LJ. Successful
treatment of Paecilomyces lilacinus endophthalmitis after foreign body
trauma to the cornea. Cornea 2001;20:109-11.

[11] O’Sullivan MVN, Withby M, Hirst LW, Apel AJG, Ellis D. Outcome of
Paecilomyces species ophthalmic infections treated with systemic
voriconazole. In: Program and Abstracts of the 43rd Interscience
Conference on Antimicrobial Agents and Chemotherapy (ICAAC); 14-17
September 2003; Chicago, IL. Washington, DC: ASM Press; 2003. p. 448
[Abstract M-972].

[12] Anderson KL, Mitra S, Salouti R, Pham TA, Taylor HR. Fungal keratitis
caused by Paecilomyces lilacinus associated with a retained intracorneal
hair. Cornea 2004;23:516-21.

[13] Okhravi N, Dart JK, Towler HM, Lightman S. Paecilomyces lilacinus
endophthalmitis with secondary keratitis. Arch Ophthalmol 1997;115:1320—-
4.

[14] Pintor E, Martin M, Garcia P, Gonzalez M. Endophthalmitis due to
Paecilomyces lilacinus after non-surgical penetrating trauma [in Spanish].
Enferm Infecc Microbiol Clin 2001;19:374-8.

[15] Hecker MS, Weinberg JM, Bagheri B, Tangoren IA, Rudikoff D, Bottone
E, et al. Cutaneous Paecilomyces lilacinus infection: report of two novel

cases. J Am Acad Dermatol 1997;37:270—7.

Page 9 of 15



[16] Gottlieb T, Atkins BL. Case report. Successful treatment of cutaneous
Paecilomyces lilacinus infection with oral itraconazole in an immune
competent host. Mycoses 2001;44:513-5.

[17] Hall VC, Goyal S, Davis MDP, Walsh JS. Cutaneous hyalohyphomycosis
caused by Paecilomyces lilacinus: report of three cases and review of the
literature. Int J Dermatol 2004;43:648-53.

[18] Itin PH, Frei R, Lautenschlager S, Buechner SA, Surber C, Gratwohl A,
et al. Cutaneous manifestations of Paecilomyces lilacinus infection induced
by a contaminated skin lotion in patients who are severely
immunosuppressed. J Am Acad Dermatol 1998;39:401-9.

[19] Yuan X, Wilhelmus KR, Matoba AY, Alexandrakis G, Miller D, Huang AJ.
Pathogenesis and outcome of Paecilomyces keratitis. Am J Ophtalmol
2009;147:691-6.

[20] Liu K, Howell DN, Perfect JR, Schell WA. Morphologic criteria for the
preliminary identification of Fusarium, Paecilomyces, and Acremonium
species by histopathology. Am J Clin Pathol 1998;109:45-54.

[21] Clark NM. Paecilomyces lilacinus infection in a heart transplant recipient
and successful treatment with terbinafine. Clin Infect Dis 1999;28:1169-70.

[22] Jade KB, Lyons MF, Gnann JW. Paecilomyces lilacinus cellulitis in an
immunocompromised patient. Arch Dermatol 1986;122:1169—-70

[23] Murciano A, Domer J, Cohen I. Paecilomyces lilacinus infection in an
immunocompromised patient. J La State Med Soc 1990;142:35-7.

[24] Legeais JM, Blanc V, Basset D, D'Hermies F, Harrabi S, Frau E, et al.
Severe keratomycosis. Diagnosis and treatment [in French]. J Fr Ophtalmol

1994;17:568-73.

10

Page 10 of 15



[25] Scott IU, Flynn HW, Miller D, Speights JW, Snip RC, Brod RD.
Exogenous endophthalmitis caused by amphotericin B-resistant
Paecilomyces lilacinus: treatment options and visual outcomes. Arch
Ophthalmol 2001;119:916-9.

[26] Martin CA, Roberts S, Greenberg RN. Voriconazole treatment of
disseminated Paecilomyces infection in a patient with acquired
immunodeficiency syndrome. Clin Infect Dis 2002;35:78-81.

[27] Aguilar C, Pujol I, Sala J, Guarro J. Antifungal susceptibilities of
Paecilomyces species. Antimicrob Agents Chemother 1998;42:1601-4.

[28] Espinel-Ingroff A. In vitro fungicidal activities of voriconazole,
itraconazole, and amphotericin B against opportunistic moniliaceous and
dematiaceous fungi. J Clin Microbiol 2001;39:954-8.

[29] Espinel-Ingroff A, Chaturvedi V, Fothergill A, Rinaldi MG. Optimal testing
conditions for determining MICs and minimum fungicidal concentrations of
new and established antifungal agents for uncommon molds: NCCLS
collaborative study. J Clin Microbiol 2002;40:3776—81.

[30] Rodriguez MM, Pastor FJ, Serena C, Guarro J. Posaconazole efficacy in
a murine disseminated infection caused by Paecilomyces lilacinus. J
Antimicrob Chemother 2009;63:361—4.

[31] Van Schooneveld T, Freifeld A, Lesiak B, Kalil A, Sutton DA, Iwen PC.
Paecilomyces lilacinus infection in a liver transplant patient: case report and
review of the literature. Transpl Infect Dis 2007;10:117-22.

[32] de Hoog GS, Guarro J, Gené J, Figueras MJ. Atlas of clinical fungi. 2nd.
ed. Utrecht, The Netherlands: Centraalbureau voor Schimmelcultures; and

Reus, Spain: Universitat Rovira i Virgili; 2000.

11

Page 11 of 15



[33] National Committee for Clinical Laboratory Standards. Reference method
for broth dilution antifungal susceptibility testing of filamentous fungi:
approved standard. 2nd ed. Document M38-A2. Wayne, PA: NCCLS; 2008.

[34] Sugar AM, Liu X. Efficacy of voriconazole in treatment of murine
pulmonary blastomycosis. Antimicrob Agents Chemother 2001;45:601—4.

[35] Graybill JR, Najvar LK, Gonzalez GM, Hernandez S, Bocanegra R.
Improving the mouse model for studying the efficacy of voriconazole. J
Antimicrob Chemother 2003;51:1373-6.

[36] Rodriguez MM, Calvo E, Serena C, Mariné M, Pastor FJ, Guarro J.
Effects of double and triple combinations of antifungal drugs in a murine
model of disseminated infection by Scedosporium prolificans. Antimicrob
Agents Chemother 2009;53:2153-5.

[37] Pujol I, Aguilar C, Ortoneda M, Pastor J, Mayayo E, Guarro J.
Experimental pathogenicity of three opportunistic Paecilomyces species in a
murine model. J Mycol Med 2002;12:1286-9.

[38] Anderson KL, Mitra S, Salouti R, Pham TA, Taylor HR. Fungal keratitis
caused by Paecilomyces lilacinus associated with a retained intracorneal
hair. Cornea 2004;23:516-21.

[39] Garbino J, Ondrusova A, Baligvo E, Lew D, Bouchuiguir-Wafa K, Rohner
P. Successful treatment of Paecilomyces lilacinus endophthalmitis with

voriconazole. Scand J Infect Dis 2002;34:701-3.

12

Page 12 of 15



Fig. 1. Cumulative mortality of severely immunosuppressed mice infected with
(a) 1.2 x 10° colony-forming units (CFU)/mouse of Paecilomyces lilacinus FMR
5522 or (b) 0.6 x 10® CFU/mouse of P. lilacinus FMR 8252 and treated with

amphotericin B (AMB) 3 mg/kg/day or voriconazole (VRC) 60 mg/kg/day, or

untreated (control). ® P < 0.05 versus the control; ® P < 0.05 versus AMB.

Fig. 2. Effect of antifungal treatment with voriconazole 60 mg/kg/day or
amphotericin B (AMB) 3 mg/kg/day on colony counts of Paecilomyces lilacinus
(a—c) strain FMR 5522 and (d—f) strain FMR 8252 in the spleen (a,d), liver (b,e)
and kidneys (c,f) of mice. # P < 0.05 versus the control and AMB. Horizontal

lines indicate mean values.
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