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1 Acanthamoeba spp. are free-living amoebae largely widespread in the environment [START_REF] Guimaraes | Acanthamoeba spp. as a universal host for pathogenic microorganisms: One bridge from environment to host virulence[END_REF]. They can cause a severe corneal infection known as Acanthamoeba keratitis (AK), with poor visual prognosis due to delay in diagnosis and lack of treatment efficacy [START_REF] Maycock | Update on Acanthamoeba Keratitis: Diagnosis, Treatment, and Outcomes[END_REF][START_REF] Iovieno | Cysticidal activity of antifungals against different genotypes of Acanthamoeba[END_REF]. This disease is often associated with contact lens wear [START_REF] Maycock | Update on Acanthamoeba Keratitis: Diagnosis, Treatment, and Outcomes[END_REF].

Treatment of AK involves application of antiseptic agents such as biguanides or diamidines for a long period [START_REF] Maycock | Update on Acanthamoeba Keratitis: Diagnosis, Treatment, and Outcomes[END_REF]. Efficacy of these treatments remains weak, especially due to the presence of cystic forms of the amoebae [START_REF] Maycock | Update on Acanthamoeba Keratitis: Diagnosis, Treatment, and Outcomes[END_REF][START_REF] Iovieno | Cysticidal activity of antifungals against different genotypes of Acanthamoeba[END_REF]. Other molecules are used in combination, such as neomycin or antifungal agents, with variable efficacy [START_REF] Siddiqui | The Development of Drugs against Acanthamoeba Infections[END_REF]. Some antifungal azoles have previously been tested on AK [START_REF] Iovieno | Cysticidal activity of antifungals against different genotypes of Acanthamoeba[END_REF][START_REF] Siddiqui | The Development of Drugs against Acanthamoeba Infections[END_REF]. Voriconazole seemed to be the most effective agent of this family against Acanthamoeba with in vitro and in vivo evidence of efficacy [START_REF] Iovieno | Cysticidal activity of antifungals against different genotypes of Acanthamoeba[END_REF][START_REF] Lamb | Azole Antifungal Agents To Treat the Human Pathogens Acanthamoeba castellanii and Acanthamoeba polyphaga through Inhibition of Sterol 14α-Demethylase (CYP51)[END_REF][START_REF] Nakaminami | Evaluation of In Vitro Antiamoebic Activity of Antimicrobial Agents Against Clinical Acanthamoeba Isolates[END_REF][START_REF] Gupta | Role of voriconazole in combined acanthamoeba and fungal corneal ulcer[END_REF][START_REF] Bang | Treatment with voriconazole in 3 eyes with resistant Acanthamoeba keratitis[END_REF][START_REF] Tu | Successful treatment of chronic stromal acanthamoeba keratitis with oral voriconazole monotherapy[END_REF][START_REF] Cabello-Vílchez | Voriconazole as a first-line treatment against potentially pathogenic Acanthamoeba strains from Peru[END_REF][START_REF] Martín-Navarro | Statins and voriconazole induce programmed cell death in Acanthamoeba castellanii[END_REF][START_REF] Schuster | Cultivation of pathogenic and opportunistic free-living amebas[END_REF].

Isavuconazole is the latest marketed azole and had not yet been tested against free-living amoebae. The purpose of this study was to test this molecule on trophozoites and cysts of three species of Acanthamoeba.

Three species of Acanthamoeba were used in this study: A. castellanii (ATCC 30234), A. lenticulata (Department of microbiology, Pavia, Italia, Pr. Scaglia) and A. hatchetti

(ABAT-A3).
Trophozoites were incubated in culture flasks containing peptone yeast extract-glucose (PYG) at 25°C for 5 days [START_REF] Schuster | Cultivation of pathogenic and opportunistic free-living amebas[END_REF]. Once they formed a confluent monolayer, the flasks were shaken, and amoebae were collected. Subsequently, the trophozoites were washed three times with phosphate-buffered saline (PBS). Then the pellet was suspended in PBS, the trophozoites were microscopically counted with a hemocytometer and diluted in PBS to obtain a final concentration of 10 5 trophozoites/mL. To obtain cystic forms, the pellet was washed and suspended in encystment buffer at 25°C during 8 days [START_REF] Bouyer | Effect of caspofungin on trophozoites and cysts of three species of Acanthamoeba[END_REF]. Then the cyst suspension was counted in a hemocytometer and diluted to obtain 10 5 cysts/mL. dimethyl sulfoxide (DMSO) and then in PYG to obtain an isavuconazole solution at 800 µg/mL. DMSO at final dilution (1%) was tested alone and showed no effect on viability and mobility of trophozoites and cysts at the concentration used. 100 µL of trophozoite suspension (10 5 trophozoites/mL) or cyst suspension (10 5 cysts/mL) of each amoeba species were incubated at 37°C for 24h and 48h, with serial dilutions of 100µL of isavuconazole (400 µg/mL = 70 µM, 200 µg/mL = 139 µM, 100 µg/mL = 279 µM, 50 µg/mL = 557 µM) in 96 well plates.

Microscopic observation of the various cocultures was performed after 24h and 48h using Trypan Blue to evaluate the number of viable and dead forms. Growth-inhibitory concentrations of 90% (IC90) were determined.

In parallel, 10µL from each well content were plated on nonnutrient agar (NNA) plates precoated with Escherichia coli (ATCC 8739). The plates were then incubated at 37°C and observed using an inverted microscope every day for one week to detect trophozoite mobility or excystment. Minimal cysticidal concentration (MCC) for each drug was defined as the lowest concentration of the drug that resulted in no excystment. Each experiment was performed three times in triplicate and controls were carried out incubating amoebae without isavuconazole.

Data are expressed as means ± standard deviations. A t test performed with GraphPad

Prism was used to compare data among groups.

For each species of amoeba, the number of trophozoites was significantly decreased from 50 µg/mL of isavuconazole (p < 0.01) (Figure 1). For A. castellanii, IC90 was 50 µg/mL at 48h but greater than 400 µg/mL after 24h and 48h of contact with isavuconazole for the other species (Table 1).

For A. castellanii, cyst number significantly decreased after 24h (p < 0.01) and 48h (p < 0.01) of contact with 100 µg/mL and 50 µg/mL of isavuconazole respectively. A. lenticulata cyst number significantly decreased after 24h (p < 0.01) and 48h (p < 0.01) of contact with 50 µg/mL of isavuconazole, whereas A. hatchetti cyst number significantly decreased after 24h (p < 0.01) and 48h (p < 0.05) of contact with 100 µg/mL of isavuconazole (Figure 2). Moreover, IC90 was greater than 400µg/mL for cysts of the three species of Acanthamoeba, after 24h and 48h of contact (Table 1).

The lowest concentrations of isavuconazole necessary to inhibit trophozoite mobility were evaluated after 24h and 48h of contact with isavuconazole. For A. castellanii it reached 50 µg/mL at 24h and 48h; for A. lenticulata, 400 µg/mL at 24h and 48h and for A. hatchetti, 400 µg/mL at 24h and greater than 400 µg/mL at 48h (Table 1).

For all the species tested, excystment and then mobility were recorded at each tested concentration of isavuconazole at 24h and 48h. MCC was greater than 400 µg/mL for each species.

In this study, isavuconazole showed activity against trophozoites belonging to three species of Acanthamoeba. This activity is probably due to the inhibition of ergosterol synthesis, a component of the amoeba membrane. 4 However, the use of concentrations up to 400 µg/mL did not allow complete elimination of trophozoites. Among azoles, voriconazole seems more effective. Indeed, in a recent study by Nakaminami at al., the IC90 of voriconazole against some strains of A. castellanii was 0.53 µg/mL at 7 days, and in another study, conducted by Cabello-Vilchez et al., the IC90 of voriconazole against many strains of A. castellanii ranged between 4.06 and 30.43 µg/mL at 96h [START_REF] Nakaminami | Evaluation of In Vitro Antiamoebic Activity of Antimicrobial Agents Against Clinical Acanthamoeba Isolates[END_REF][START_REF] Cabello-Vílchez | Voriconazole as a first-line treatment against potentially pathogenic Acanthamoeba strains from Peru[END_REF]. Regarding our results of trophozoite mobility inhibition, isavuconazole seems more effective against A. castellanii than the other species. activity. In our study, for every species tested, the MCC was greater than 400 µg/mL, while some authors have reported MCC between 40 and 60 µg/ml for posaconazole and voriconazole [START_REF] Iovieno | Cysticidal activity of antifungals against different genotypes of Acanthamoeba[END_REF]. The decreased cyst number achieved in our study may be explained by excystment and destruction of trophozoites by isavuconazole.

In conclusion, this drug could be used only in combination for treatment of A. 
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Table 1 :

 1 IC90 of isavuconazole for Acanthamoeba trophozoites and cysts and concentration needed to inhibit trophozoite mobility.

	Species	A .castellanii	A. lenticulata	A. hatchetti
		24h	48h	24h	48h	24h	48h
	Trophozoites						
	IC90 (µg/mL)	>400	50	>400	>400	>400	>400
	Cysts						
	IC90 (µg/mL)	>400	>400	>400	>400	>400	>400
	Concentration to						
	inhibit trophozoite mobility (µg/mL)	50	50	400	400	400	>400