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Interactions of isavuconazole and colistin were evaluated against 57 common Candida strains belonging to the species Candida albicans (n = 10), Candida glabrata (n = 10), Candida kefyr (n = 8), Candida krusei (n = 10), Candida parapsilosis (n = 9), and Candida tropicalis (n = 10) by a broth microdilution checkerboard technique based on the European Committee on Antimicrobial Susceptibility Testing (EUCAST) reference methodology for antifungal susceptibility testing. Results were analyzed with the fractional inhibitory concentration index and by the response surface analysis. Interpretation by the fractional inhibitory concentration index showed synergy for 50%, 80%, 90%, and 90% of the C. kefyr, C. krusei, C. glabrata, and C. tropicalis strains, respectively. Combination of isavuconazole with colistin against C. albicans and C. parapsilosis exhibited only indifference for 100% and 90% of the strains, respectively. The results were confirmed by response surface analysis for all species except for C. glabrata, for which an indifferent interaction was found for the majority of strains. Antagonistic interaction was never seen regardless of the interpretation model was used.




Keywords: antifungal combination, Candida, colistin, EUCAST, in vitro, isavuconazole



Introduction

Candidemia is a severe and life-threatening infection caused by different Candida species. In Germany, candidemia ranks as the 6th most common bloodstream infection after Escherichia coli, Staphylococcus aureus, coagulase-negative staphylococci, Klebsiella pneumoniae, and enterococci (Schöneweck et al., 2021). From the bloodstream, Candida can disseminate to multiple organs involving most commonly the liver, spleen, kidney, myocardium, or eyes and less frequently the brain (Pilmis et al., 2017). Invasive candidiasis is associated with a high mortality rate of about 40%. While many different Candida species can be responsible for invasive diseases, 95% of the infections are caused by the five species Candida albicans, Candida glabrata, Candida krusei, Candida parapsilosis, and Candida tropicalis (Yapar, 2014). Although C. albicans is still responsible for the majority of infections in Germany (Mohr et al., 2020; Schroeder et al., 2020), non-albicans Candida species can represent up to 60% of the cases of candidemia in other parts of the world like France (Vannini et al., 2022), Italy (Montagna et al., 2013), or the United States (Pfaller et al., 2012). Compiled data from the ARTEMIS DISK registry including data from 147 medical centers in 41 countries all over the world for the years 1997–2007 indicated that despite a decrease in frequency, C. albicans remained the most frequent species worldwide, while the frequency of C. glabrata and C. krusei was stable, and the frequency of C. parapsilosis and C. tropicalis increased (Pfaller et al., 2010). Echinocandins are recommended as first-line therapies for invasive candidiasis, and azoles can be used, as step-down therapies (Cornely et al., 2012), but decreased susceptibility and even resistance to antifungals can occur. Decreased susceptibility or drug resistance in Candida species can be intrinsic, like decreased caspofungin susceptibility in C. parapsilosis (Pfaller et al., 2006) or fluconazole resistance in C. krusei (Orozco et al., 1998), or can be acquired like echinocandin resistance in C. glabrata (Aldejohann et al., 2021). The high mortality rate, the shift towards more difficult to treat Candida species, and the lack of efficacy in monotherapy for some difficult-to-treat infections make alternative approaches necessary (Vitale, 2021). It has been shown in vitro (Schwarz et al., 2007), in vivo (Schwarz et al., 2006b), and in patients (Day et al., 2013) that a combination of two antifungals can increase their potency and decrease resistance. However, against invasive candidiasis, no favorable combination has been found (Johnson et al., 2004). Apart from the combination of two antifungals, combinations of antifungal and other molecules can also lead to favorable interactions (Schwarz et al., 2019). The antibiotic colistin has shown in vitro synergy in combination with amphotericin B against Candida species (Schwarz et al., 2022), but routine use in critically ill patients is limited due to the nephrotoxicity of the molecules. Isavuconazole is a broad-spectrum azole with favorable tolerability (Ledoux et al., 2018), which makes it an interesting partner for combinations of molecules. In vitro combination of isavuconazole with colistin has been shown to be synergistic against Aspergillus nidulans, Aspergillus niger (Schwarz et al., 2020b), and Candida auris (Schwarz et al., 2020a) and could thus be also an interesting combination against Candida species. We therefore explored the combination of isavuconazole with colistin against common Candida species by a checkerboard technique based on the European Committee on Antimicrobial Susceptibility Testing (EUCAST) methodology for antifungal susceptibility testing.



Materials and Methods


Strains

In this study, a total of 57 clinical Candida strains belonging to 6 common Candida species were included. Candida species included 10 C. albicans, 10 C. glabrata (teleomorph in the Nakaseomyces clade), 8 Candida kefyr (teleomorph Kluyveromyces marxianus), 10 C. krusei (teleomorph Pichia kudriavzevii), 9 C. parapsilosis, and 10 C. tropicalis. Candida strains were mainly obtained from the Department of Microbiology of the University Hospital Marburg (n = 53). Additional isolates (n = 4) belonged to the collections of the American Type Culture Collection (ATCC) and the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSM). The complete Internal Transcribed Spacer (ITS)1-5.8S-ITS2 region of the non-collection strains was sequenced as described elsewhere (Schwarz et al., 2006a) to obtain molecular identification of the strains to the species level. Sequences were deposited at GenBank under the accession numbers OL351325 to OL351356 (Schwarz et al., 2022) and under OM859334 to OM859357. Only C. krusei strain U2106778 was identified by matrix-assisted laser desorption ionization–time of flight (MALDI-TOF) due to ITS region sequence heterogeneity (Zhao et al., 2015). C. krusei ATCC 6258 and C. parapsilosis ATCC 22019 were used as quality controls in each batch of microplates.



Drugs

Isavuconazole (Pfizer, Berlin, Germany) stock solution was prepared at 3,200 µg/ml in dimethyl sulfoxide (DMSO). A stock solution of colistin (Merck, Darmstadt, Germany) at 12,800 µg/ml was prepared in sterile, distilled water. Stock solutions were kept at −25°C until use.



Medium Preparation

For this study, Roswell Park Memorial Institute 1640 (RPMI) medium (with l-glutamine, with pH indicator, but without bicarbonate) (Merck) prepared in double strength was used as the test medium. It contained 2% (w/v) of d-glucose and was buffered with 3-(N-morpholino)propanesulfonic acid (Merck) at a final concentration of 0.165 mol/L. The final pH of 7.0 was adjusted with 2 molar NaOH. The medium was sterilized through a 0.22-µm pore size filter by vacuum filtration (Merck).



Microplate Preparation

An antifungal susceptibility testing protocol, modified for broth microdilution checkerboard procedures, based on the EUCAST guidelines was used in this study (Arendrup et al., 2020). Combination experiments were carried out in Nunclon™ delta surface 96-well microtiter plates for adherent cells (Thermo Fisher Scientific, Darmstadt, Germany). The combination of isavuconazole with colistin was studied on a two-dimensional checkerboard (Bidaud et al., 2021). Twofold serial dilutions of each drug were done in the double strength test medium. Final concentrations for isavuconazole ranged from 0.0001 to 0.03 µg/ml for C. albicans, C. kefyr, C. parapsilosis, and C. tropicalis or 0.002–0.5 µg/ml for C. glabrata and C. krusei. Colistin concentrations ranged from 1 to 64 µg/ml for all tested species. Before the addition of the inoculum, each well contained 100 µl of double-strength RPMI medium with 1% (v/v) of DMSO.



Inoculum Preparation and Inoculation of Microplates

Before the experiments, Candida strains were cultured on Sabouraud dextrose agar slants supplemented with chloramphenicol and gentamicin (Bio-Rad Laboratories, Feldkirchen, Germany) at 35°C and 95% humidity for 24 h. By using inoculation loops, fungi were transferred from the agar slants to sterile tubes containing pure water. After the cells were counted in a hemocytometer, the suspensions were adjusted to the final inoculum size of 2 × 105 colony forming units (CFU)/ml. One hundred microliters of the inoculum was distributed into each well of the microplates using Eppendorf Xplorer plus (Eppendorf, Hamburg, Germany) electric multichannel pipettes. After incubation at 35°C and 95% humidity for 24 h, optical densities were read spectrophotometrically at a wavelength of 530 nm using a MultiSkan FC spectrometer (Thermo Fisher Scientific). Before the reading, microplates were shaken for 2 min at 1,100 rpm with a PMS-1000 Microplate Shaker (Grant Instruments, Shepreth, UK). Before the analysis of the results, the optical density values of a blank plate, each well inoculated with 100 µl of sterile distilled water and incubated under the same conditions as mentioned above, were subtracted from the values of the microplates inoculated with yeast cells. The final inoculum was further diluted at 1:10, and 50 µl were spread once on Sabouraud dextrose agar plates with a sterile Drigalski spatula. After 24 h of incubation, CFU were counted to ensure inoculum size. Combination experiments were run in duplicate.



Interpretation of the Results by Fractional Inhibitory Concentration Index

Optical density values from the microplates were transformed into a percentage of growth compared to the growth control. Fifty percent of inhibition was chosen as an endpoint for the determination of the minimum inhibitory concentrations (MICs) alone for both drugs and in combination. High off-scale MICs were converted to the next log2 dilution. If the lowest fractional inhibitory concentration index (FICI) on the microplate was ≤0.5 or >0.5 to 4, synergy or indifference was assumed, respectively. For FICIs higher than 4.0, antagonism was concluded (Odds, 2003).



Interpretation of the Results by Response Surface Analysis

Compared to the FICI, response surface analysis allows the evaluation of drug interactions without using an inhibition endpoint and is therefore independent of MICs. It enables the determination (and visualization) of the interaction for all tested concentrations and not only for the MICs in combination. Based on the growth rates in the wells of the molecules alone (in this study isavuconazole and colistin), dose–response curves for the drugs alone are generated. According to the chosen theoretical model, using the dose–response curves of the two drugs alone, an indifferent dose–response surface is calculated. In this study, the Bliss independence model was chosen, which is based on the hypothesis that drugs act independently from each other. To determine the interaction of the molecules, the (experimentally) observed combination dose–response surface is compared to the predicted (calculated) indifferent dose–response surface. A combination effect is defined as synergistic if the observed effect lies below the predicted indifferent dose–response surface (corresponds to less growth on the microplate and a greater effect of the combination) and antagonistic when the observed effect lies above (corresponds to more growth on the microplate and a weaker effect of the combination). To quantitatively assess the interaction of the drugs, the SUM-SYN-ANT metric is calculated, which is defined as the sum of all effects greater than the predicted indifferent effect (SYN-SUM), minus the sum of all effects weaker than the predicted indifferent effect (ANT-SUM). The intrinsic variability of the broth microdilution technique necessitates the definition of a threshold, for which the interaction of the two drugs is defined as indifferent. This threshold is determined experimentally by combining the active molecules with themselves. Therefore, the combination of isavuconazole with itself was tested on the two-dimensional checkerboard with twofold serial dilutions as described above. The highest concentration of isavuconazole was 0.12 µg/ml in the x- and y-axes. For the determination of the threshold, C. krusei ATCC 6258 was tested in triplicate on these plates. Based on the results of the experimental plates, synergy was assumed when the SUM-SYN-ANT was ≥56.0%, and antagonism was assumed when ≤−56.0%. Between −56.0% and 56.0%, indifference was concluded.

To determine the SUM-SYN-ANT metric of the different tested strains, the results of both runs were combined. All calculations were done by the Combenefit software (http://sourceforge.net/projects/combenefit/) (Di Veroli et al., 2016).




Results

The interactions of isavuconazole with colistin were evaluated by checkerboard and interpretation of the results by FICI or by response surface analysis against strains from six common Candida species as presented in Table 1. A summary of the results is presented in Table 2. Figure 1 shows the synergy distributions for the combination of isavuconazole with colistin against a representative isolate of each tested species.


Table 1 | Interaction of isavuconazole with colistin against common Candida species by checkerboard and interpretation by fractional inhibitory concentration index and response surface analysis.




Table 2 | Summary of the in vitro interactions of isavuconazole with colistin against common Candida species evaluated by EUCAST broth microdilution checkerboard methodology and interpretation by fractional inhibitory concentration index and response surface analysis.






Figure 1 | Synergy distribution for the combination of isavuconazole with colistin against Candida albicans V2105529, Candida glabrata U2106602, Candida kefyr V2108462, Candida krusei N2102435, Candida parapsilosis V2105056, and Candida tropicalis N2102715. The mode of interaction was defined based on the SUM-SYN-ANT metric. IND, indifference; SYN, synergy.



The 57 Candida strains exhibited MICs for isavuconazole ranging from 0.0001 to 0.5 μg/ml (Table 1) with MIC50, MIC90, and geometric mean MIC of 0.008, 0.125, and 0.018 μg/ml, respectively. Isavuconazole MICs ranged from 0.0005 to 0.004, 0.125 to 0.5, 0.03 to 0.25, 0.008 to 0.03, 0.008 to 0.06, and 0.0001 to 0.008 µg/ml for C. albicans, C. glabrata, C. krusei, C. parapsilosis, C. tropicalis, and C. kefyr, respectively. When tested alone, colistin exhibited MICs ranging from 16 to 128 µg/ml for the different species (128 μg/ml being the high-off scale MIC) with MIC50, MIC90, and geometric mean MIC of 64, 128, and 63.23 μg/ml, respectively. The best activity of colistin was seen against C. tropicalis with MICs ranging from 16 to 32 µg/ml. Significant activity was also seen for C. kefyr with a geometric mean MIC of 32 µg/ml. Against C. krusei, colistin MICs were high with a geometric mean MIC of 59.71 µg/ml. Colistin showed almost no activity against C. albicans, C. glabrata, and C. parapsilosis with geometric mean MICs of 119.43, 119.43, and 109.73 µg/ml, respectively. The geometric mean MIC for colistin in combination with the synergistic strains was 9.93 µg/ml. Between experiments, isavuconazole and colistin MICs were within ±1 log2 dilutions in 99.12% of the cases for all Candida species tested (data not shown). The interaction was synergistic for 58% of the strains with FICIs ranging from 0.25 to 0.5 with a geometric mean FICI of 0.4. Synergy was obtained for 0%, 33%, 50%, 80%, 90%, and 90% of C. albicans, C. parapsilosis, C. kefyr, C. krusei, C. glabrata, and C. tropicalis, respectively (Table 2). All other interactions were indifferent. The geometric mean FICI for all strains was 0.48.

Analysis of the checkerboard data of the 57 Candida strains by the response surface approach led to similar results compared to the FICI results. Although synergy was less frequently obtained than by FICI analysis, the tendency if the combination is synergistic, or for a certain species indifferent (at least 50% of the strains for both interpretation models), was correct in 5/6 cases (Table 2). The SUM-SYN-ANT metric for the synergistic strains ranged from 59.37 to 122.67, with a mean of 78.22. For C. glabrata, the mean of the SUM-SYN-ANT metric of all strains was 40.42. Synergy was obtained for 0%, 0%, 10%, 50%, 50%, and 67% of C. albicans, C. parapsilosis, C. glabrata, C. krusei, C. tropicalis, and C. kefyr, respectively. When comparing the results of the FICI with the response surface approach, synergy was obtained for at least 50% of the strains for both interpretation models for C. kefyr, C. krusei, and C. tropicalis. One difference between the interpretation techniques was that interaction against C. glabrata was synergistic (9 of 10 strains) by FICI and indifferent by response surface analysis (9 of 10 strains).



Discussion

Advantages of drug repurposing are the use of de‐risked compounds, potentially lower development costs, and shorter development timelines (Pushpakom et al., 2019). Repurposed drugs against Candida belong to the antihelmintics (quinacrine), cytotoxic agents (doxorubicin and daunorubicin), or 5α-reductase inhibitors (finasteride) and inhibit filamentation (Miro-Canturri et al., 2019). Colistin is an antibiotic with activity against gram-negative bacteria (Lim et al., 2010), but it has been shown to be able to damage the membrane in C. albicans (Yousfi et al., 2019) and increase its permeability (Bibi et al., 2021), which makes the molecule an interesting partner to test combinations with antifungals.

Compared to other studies, the MICs of isavuconazole for the different Candida species in this study were in the same range as previously reported (Desnos-Ollivier et al., 2019; Jorgensen et al., 2019). MICs for colistin were comparable to those of another study, but apart from C. albicans, only one strain of each species has been tested (Zeidler et al., 2013). Compared to our recently published study on the combination of amphotericin B and colistin, colistin MICs were similar (Schwarz et al., 2022).

Combination MICs of colistin ranged from 1 to 32 μg/ml, with a geometric mean MIC for the synergistic strains of 9.93 μg/ml. Peak serum levels of 13 to 32 have been reported in patients with cystic fibrosis (Reed et al., 2001), which would be sufficient against the strains tested in this study, but colistin use in patients is limited due to its nephrotoxicity (Javan et al., 2015). However, in patients with cryptococcosis, it has been shown that synergy can be achieved with lower serum levels than those tested in vitro (Kontoyiannis et al., 2008).

Against common Candida species, in vitro synergy of combinations including colistin has been reported for echinocandins (Zeidler et al., 2013) and for amphotericin B (Schwarz et al., 2022). Combinations of colistin with azoles were evaluated by two studies. One study found indifference for the combinations of colistin with either fluconazole or itraconazole against C. albicans, but both combinations were only tested against one strain (Yousfi et al., 2019). Our study is in accordance with these results. We found indifference for the combination of isavuconazole with colistin by checkerboard and interpretation of the results by FICI and response surface analysis. Another study also evaluated the combination of colistin with fluconazole by checkerboard against one C. albicans strain and found synergy in vitro and in vivo in a Galleria mellonella model of invasive candidiasis (Bibi et al., 2021). This discrepancy compared to our results might be strain specific, as only one strain was tested or might be related to the different azole used.

For the other species tested in this study, we found synergy for the majority, or at least for half of the tested strains, for C. glabrata, C. krusei, C. tropicalis, and C. kefyr. Only C. parapsilosis indifference was found for the majority of the strains. Although synergy was less frequently seen, when the checkboard data were evaluated by response surface analysis, at least 50% of the strains exhibited synergy regardless of the interpretation model used for C. kefyr, C. krusei, and C. tropicalis. For C. parapsilosis, both interpretation models evaluated indifference. Between the two interpretation techniques, one difference was found for C. glabrata. Interpretation by the FICI showed synergy for 90% of the strains, while interpretation by response surface analysis exhibited indifference for 90% of the strains. Nevertheless, despite the formal indifference of the C. glabrata results by response surface analysis, the mean of the SUM-SYN-ANT metric of all strains was quite high (40.42). The discrepancy could indeed be related to the stringent threshold (56.0) used in the present work compared to previous studies (Schwarz et al., 2020a; Schwarz et al., 2022).

In conclusion, we found in vitro synergy of the combination of isavuconazole with colistin against C. glabrata, C. krusei, C. tropicalis, and C. kefyr. Against C. albicans and C. parapsilosis, the combination only exhibited indifference. Antagonism was never seen regardless of interpretation model used. These results warrant further animal experiments.
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Species Collection number Checkerboard MICs (ug/ml) Response surface analysis
ISA coL ISA/COL FICI INTPN ZSYN-ANT (ZSYN; ZANT) INTPN

Candida albicans V2105126 0.002 128 0.001/16 0.625 IND -0.76 (21.00; -21.76) IND
C. albicans N2101578 0.0005 128 0.001/64 0.75 IND -26.21 (15.38; —41.59) IND
C. albicans V2105568 0.002 128 0.00006/64 0.625 IND 30.84 (36.97; -6.13) IND
C. albicans N2101577 0.002 128 0.001/64 1 IND 13.88 (29.36; —15.48) IND
C. albicans V2105825is03 0.002 128 0.001/32 0.75 IND 31.53 (33.87; -2.34) IND
C. albicans ATCC 14053 0.002 128 0.0002/64 0.625 IND -18.30 (22.32; -40.62) IND
C. albicans V2105529 0.002 128 0.125/32 0.75 IND 5.75 (19.05; -13.30) IND
C. albicans V2106139 0.004 128 0.125/2 0.5156 IND 22.27 (28.42: -6.15) IND
C. albicans V2106041 0.002 64 0.06/1 0.5156 IND -0.48 (29.70; -0.48) IND
C. albicans V2106305 0.004 128 0.03/16 0.625 IND -3.57 (21.74; -25.31) IND
Candida glabrata V2105272 0.5 128 0.125/2 0.2656 SYN 39.63 (41.86; -2.23) IND
C. glabrata V2105282 0.5 128 0.125/8 0.3125 SYN 51.39 (51.73; -0.34) IND
C. glabrata N2101711 0.125 128 0.06/2 0.5156 IND 25.15 (31.05: -5.90) IND
C. glabrata V2105636 0.125 128 0.003/16 0.375 SYN 12,57 (25.00; -12.43) IND
C. glabrata DSM 70614 0.125 128 0.008/32 0.3125 SYN 33.03 (41.54; -8.51) IND
C. glabrata U2105834 0.125 128 0.03/16 0.375 SYN 52.37 (63.11; -0.74) IND
C. glabrata V2105576 0.125 128 0.03/32 0.5 SYN 33.35 (38.12; -4.77) IND
C. glabrata N2102530 0.125 128 0.03/8 0.3125 SYN 43,61 (47.42; -3.81) IND
C. glabrata U2106503 0.125 128 0.03/8 0.3125 SYN 52.90 (53.27; -0.37) IND
C. glabrata U2106602 0.25 64 0.03/8 0.25 SYN 60.21 (65.28; -5.07) SYN
Candida krusei V2105825is04 0.125 64 0.016/16 0.375 SYN 37.13 (48.62; -11.49) IND
C. krusei V2105866 0.125 64 0.016/16 0.375 SYN 62.16 (71.23; -9.07) SYN
C. krusei V2106177 0.25 64 0.06/16 0.5 SYN 75.43 (77.34; -1.91) SYN
C. krusei V2105920 0.25 64 0.06/16 0.5 SYN 122.67 (123.03; -0.36) SYN
C. krusei ATCC 6258 0.03 16 0.016/2 0.625 IND 13.01 (23.66; -10.65) IND
C. krusei N2102290 0.125 128 0.03/32 0.5 SYN 12.20 (28.93; 16.73) IND
C. krusei N2102435 0.125 64 0.004/16 0.2813 SYN 90.28 (92.24; -1.96) SYN
C. krusei U2106649 0.125 64 0.03/16 0.5 SYN 53.12 (55.80; -2.68) IND
C. krusei U2106778 0.125 64 0.03/2 0.56313 IND 14.33 (54.69; -40.36) IND
C. krusei V2108462is0101 0.25 32 0.03/8 0.5 IND 76.01 (76.09; -0.08) SYN
Candida parapsilosis V2105056 0.016 128 0.004/4 0.2813 SYN 43.71 (46.49; -2.78 IND
C. parapsilosis V2105223 0.016 128 0.004/1 0.2578 SYN 55.49 (65.12; -9.63) IND
C. parapsilosis B2107379 0.008 128 0.004/1 0.5078 IND 28.56 (29.81; -1.25) IND
C. parapsilosis ATCC 22019 0.03 64 0.008/8 0.375 SYN 7.38 (36.44; —29.06) IND
C. parapsilosis U2106978 0.016 128 0.008/1 0.5078 IND —-14.61 (4.96; -19.57) IND
C. parapsilosis V2111362 0.008 128 0.004/2 0.5156 IND 38.05 (38.26; -0.21) IND
C. parapsilosis V2111422 0.004 64 0.002/2 0.56313 IND 22.59 (32.49; -9.90) IND
C. parapsilosis V2113147 0.008 128 0.004/64 1 IND —-48.79 (8.98; -57.77) IND
C. parapsilosis V2113210 0.016 128 0.008/2 0.5156 IND 34.82 (43.88; -9.06) IND
Candida tropicalis V2105128 0.008 16 0.002/16 0.5 SYN 12.31(33.75, -21.44) IND
C. tropicalis V2105245 0.008 16 0.002/16 0.5 SYN 23.42 (29.74; -6.32) IND
C. tropicalis V2105598 0.008 16 0.002/16 0.5 SYN 88.36 (88.39; -0.03) SYN
C. tropicalis B1907975 0.008 32 0.002/32 0.375 SYN 48.49 (59.88; -11.39) IND
C. tropicalis V2106298 0.008 32 0.002/32 0.5 SYN 48.95 (74.91; -25.96) IND
C. tropicalis U2106694 0.06 16 0.016/4 0.5 SYN 47.39 (47.62; -0.23) IND
C. tropicalis U2107090 0.06 32 0.016/4 0.375 SYN 66.67 (67.74; -1.06) SYN
C. tropicalis N2102715 0.008 16 0.002/2 0.375 SYN 75.98 (76.32; -0.34) SYN
C. tropicalis V2108236 0.008 16 0.002/4 0.5 SYN 65.93 (66.36; -0.43) SNY
C. tropicalis V2108424 0.008 16 0.0005/8 0.5625 IND 65.12 (66.25; -1.13) SYN
Candida kefyr V2105566 0.004 32 0.002/2 0.5625 IND 5.84 (30.25; -24.41) IND
C. kefyr V2106126 0.004 64 0.001/16 0.5 SYN 100.81 (100.81; -0.0) SYN
C. kefyr N2101899 0.001 16 0.0005/4 0.75 IND -0.91 (9.10; -10.01) IND
C. kefyr N2102541 0.002 8 0.001/8 0.6625 IND 69.86 (70.78; -0.92) SYN
C. kefyr V2107273 0.06 4 0.016/4 0.5 SYN 15.56 (35.50; -19.94) IND
C. kefyr V2107293 0.008 4 0.002/4 0.5 SYN 81.29 (83.81; -2.52) SYN
C. kefyr V2107534 0.001 1 0.0005/1 0.5625 IND 59.37 (569.97; -0.60) SYN
C. kefyr V2108462 0.004 16 0.001/16 0.5 SYN 91.47 (97.01; -5.54) SYN

FICI, fractional inhibitory concentration index; INTPN, interpretation; SYN, synergy; IND, no interaction; ISA, isavuconazole; COL, colistin; ATCC, American Type Culture Collection; DSM,
Deutsche Sammiung von Mikroorganismen und Zellkulturen; MIC, minimum inhibitory concentration.
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Species (strains), interpretation model

% of strains with the following interaction

Synergy Indifference Antagonism
Candida albicans (10), FICI 0 100 0
C. albicans (10), RSA 0 100 0
Candida glabrata (10), FICI 90 10 0
C. glabrata (10), RSA 10 90 0
Candida krusei (10) FICI 80 20 0
C. krusei (10), RSA 50 50 0
Candida parapsilosis (9), FICI 33 67 0
C. parapsilosis (9), RSA 0 100 0
Candida tropicalis (10), FICI 90 10 0
C. tropicalis (10), RSA 50 50 0
Candida kefyr (8), FICI 50 50 0
C. kefyr (8), RSA 63 37 0

FICI, fractional inhibitory concentration index; RSA, response surface analysis; EUCAST, European Committee on Antimicrobial Susceptibility Testing.





