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Abstract: Treatment of invasive infections caused by Candida auris is challenging due to the limited
therapeutic options. The combination of antifungal drugs may be an interesting and feasible approach
to be investigated. The aim of this study was to examine the in vitro activity of amphotericin B in
combination with anidulafungin or caspofungin against C. auris. In vitro static time–kill curve exper-
iments were conducted for 48 h with different combinations of amphotericin B with anidulafungin or
caspofungin against six blood isolates of C. auris. The antifungal activity of 0.5 mg/L of amphotericin
B was limited against the six isolates of C. auris. Similarly, echinocandins alone had a negligible
effect, even at the highest tested concentrations. By contrast, 1 mg/L of amphotericin B showed
fungistatic activity. Synergy was rapidly achieved (8 h) with 0.5 mg/L of amphotericin B plus 2 mg/L
of anidulafungin or caspofungin. These combinations lead to a sustained fungistatic effect, and the
fungicidal endpoint was reached against some C. auris isolates. Additionally, ≥0.5 mg/L of either of
the two echinocandins with 1 mg/L of amphotericin B resulted in fungicidal effect against all C. auris
isolates. In conclusion, combinations of amphotericin B with anidulafungin or caspofungin provided
greater killing with a lower dose requirement for amphotericin B compared to monotherapy, with
synergistic and/or fungicidal outcomes.

Keywords: Candida auris; combination; antifungal agents; amphotericin B; echinocandins; anidula-
fungin; caspofungin; time-kill

1. Introduction

Candida auris is a multi-drug resistant fungal pathogen, responsible for several cases
of invasive fungemia since 2009, that has become a global public concern [1,2]. In contrast
to what has been observed for other species of Candida, where resistance to antifungal
drugs are exceptions, in the case of C. auris, both intrinsic and acquired resistance are the
norm [3,4]. C. auris shows high rates of resistance to fluconazole and other azoles, along
with a reduced susceptibility to amphotericin B and echinocandins that complicate the
therapeutic approaches for candidiasis caused by this species [5,6]. Additionally, cross-
and multi-resistance has been found in 18–41% of C. auris isolates and approximately 4%
of them are resistant to the three main classes antifungal drugs: polyenes, azoles, and
echinocandins [7,8]. Even echinocandins (anidulafungin, caspofungin, and micafungin) are
nowadays considered the first-line therapeutic option to treat C. auris infections, therapeutic
failures often occur in critically ill patients. It has been evidenced that echinocandins
are not fungicidal against C. auris clinical isolates representing the four identified main
clades [9,10]. Against a background of increasing evidence of limited susceptibility of
C. auris to available antifungal agents in monotherapy, the approach of combining drugs
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with different antifungal mechanisms has been proposed to optimize the therapeutic
management of invasive mycoses.

Echinocandins act as non-competitive inhibitors of β-(1,3)-D-glucan synthase, in-
volved in the biosynthesis of β-(1,3)-D-glucan in the fungal cell wall. Amphotericin B binds
to ergosterol, forming pores and disrupting fungal cell membrane. It has been demon-
strated that amphotericin B exhibits in vitro fungicidal activity against C. auris, albeit at
high concentrations [9]. Recent studies included combinations of azoles, echinocandins,
amphotericin B, and flucytosine, with disparate results of indifference or synergy, de-
pending on the combined drugs and tested isolates of C. auris [11–14]. In this line, the
in vitro combinations of echinocandins and isavuconazole against C. auris have shown syn-
ergism [15,16]. Hence, the combinations of the first-line echinoncadins with the fungicidal
agent amphotericin B against C. auris deserves to be investigated.

The aim of the current study was to examine the in vitro activity of the combination
of amphotericin B with anidulafungin or caspofungin, against C. auris. To our knowl-
edge, this is the first study that has investigated the combination of amphotericin B with
echinocandins against this pathogen using time-kill curves.

2. Materials and Methods

Six blood isolates of C. auris (CJ94, CJ97, CJ98, CJ99, CJ100, and CJ102) collected from
different patients from an invasive candidiasis outbreak in the Hospital Universitario
y Politécnico La Fé (Valencia, Spain) were studied [17]. The isolates of the study were
phylogenetically close to the South African clade isolates [17,18]. The C. auris blood isolates
used in this study were non-aggregating isolates, as it was previously demonstrated
in vitro [19]. Fungal strains were stored in vials with sterile distilled water and cultivated
in Sabouraud dextrose agar (SDA), as previously described [14]. MICs were determined
following EUCAST E.DEF 7.3 document [20]. MICs for amphotericin B, anidulafungin,
and caspofungin were 1, 0.125, and 0.25 mg/L, respectively, for all isolates.

Amphotericin B (Sigma-Aldrich, Madrid, Spain), anidulafungin (Pfizer SLU, Madrid,
Spain), and caspofungin (Merck Sharp and Dohme, Madrid, Spain) were obtained in
powder, dissolved in dimethyl sulfoxide (DMSO) to obtain stock solutions of 3200 mg/L
and maintained at −80 ◦C until use.

Time–kill assays were carried out as previously described in a 96-well flat-bottomed
microtiter plates, in RPMI medium, and by using an inoculum size of 1–5 × 105 colony
forming units (CFU/mL) [15]. Antifungal drug concentrations assayed were selected on
the basis of previous time–kill and checkerboard results (unpublished data). Accordingly,
0.5 mg/L of amphotericin B was combined with 0.5, 1, and 2 mg/L of each echinocandin,
and 1 mg/L of amphotericin B was combined with 0.25, 0.5, and 1 mg/L of echinocandin.
Aliquots were collected at 0, 2, 4, 6, 8, 24, and 48 h for colony counts, plated onto SDA
in triplicate and incubated at 37 ◦C for 24 to 48 h. Depending on the drug concentration
and expected activity, samples were either first diluted in PBS (no antifungal activity) or
plated directly (5–20 µL). When a sterilizing activity was expected, the whole well (200 µL)
was sampled onto a SDA plate. Therefore, the lower limit of detectable colony counts
was 5 CFU/mL. The carryover effect was determined as previously described [21]. All
experiments were conducted twice. Fungistatic or fungicidal activities were defined as a
<3 log or ≥3 log reduction in CFU/mL, respectively. Synergism was defined as a difference
of >2 log between the activity of the drugs in combination and the activity of the most
active agent in monotherapy [22].

Time–kill curves were analysed as described previously [15], by fitting the CFU/mL
observations to an exponential equation: Nt = N0 × ekt (Nt, number of CFU/mL at time
t; N0, starting inoculum; k, growing or killing rate constant, and t, incubation time). This
equation was linearized by applying natural logarithms, and k values were then used to
compare the killing activities among drugs and concentrations. Positive killing rate (k)
values indicate growth, and negative values show killing. Thus, the seven time-points on
each killing curve were reduced to one k value (mean values). Goodness of fit for each
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combination was assessed by the r2 value (≥0.8). Significant differences in killing kinetics
among combinations and concentrations were evaluated by ANOVA with Bonferroni’s
post-testing (GraphPad Prism 5.01). A p value < 0.05 was considered significant.

3. Results

Mean time–kill curves for all isolates and combinations are shown in Figure 1. No
antifungal carryover was observed. Fungal counts at 8, 24, and 48 h for each isolate and
combination are depicted in Table 1. The antifungal activity of amphotericin B alone at the
concentration of 0.5 mg/L was limited against the six isolates of C. auris, as no fungicidal nor
fungistatic effect was achieved. Similarly, echinocandins alone had a negligible effect, even
at the highest tested concentrations. In contrast to the poor results of the monotherapies,
the combination of 0.5 mg/L of amphotericin B with anidulafungin or caspofungin led
to a sustained fungistatic effect, and the fungicidal endpoint was reached against isolates
C. auris CJ94, C. auris CJ99, C. auris CJ100, and C. auris CJ102. The interactions were
synergistic from 24 h onwards for all isolates and concentrations. Conversely, 1 mg/L of
amphotericin B showed fungistatic activity, and the combinations of this polyene with
the echinocandins were mostly additive. Regardless of the additivity detected, when
≥0.5 mg/L of echinocandin was combined with 1 mg/L of amphotericin B, fungicidal
effect was achieved against all isolates.
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Figure 1. Time–kill curves showing the effects over 48 h of amphotericin B and echinocandins, in monotherapy and in
combination, against Candida auris: (a) 0.5 mg/L of amphotericin B and anidulafungin; (b) 0.5 mg/L of amphotericin B
and caspofungin; (c) 1 mg/L of amphotericin B and anidulafungin; (d) 1 mg/L of amphotericin B and caspofungin. Data
are plotted as average data points from the different isolates ± standard error (SE). Antifungal drug concentrations are
expressed in mg/L. AmB, amphotericin B.
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Table 1. Fungal counts at 8, 24, and 48 h and interaction classification.

AmB+ECH
(mg/L)

Fungal Count (log CFU/mL) (SD)

AmB+ANF AmB+CSP
8 h 24 h 48 h 8 h 24 h 48 h

CJ94 Control 6.68 (0.26) 7.65 (0.08) 7.83 (0.10) 6.68 (0.26) 7.65 (0.10) 7.83 (0.10)
0.5 AMB 5.14 (0.29) 6.58 (0.43) 7.37 (0.14) 5.14 (0.29) 6.58 (0.43) 7.37 (0.14)
0.5+0.5 4.52 (0.26) 3.91 (0.05) 3.62 (0.58) 4.62 (0.07) 4.36 (0.40) 5.26 (0.10)
0.5+1 3.73 (0.31) 3.72 (0.31) 2.86 (0.66) 4.10 (0.00) 3.22 (0.25) 3.96 (0.51)
0.5+2 2.92 (0.16) 1.10 (1.55) 1.07 (1.51) 2.98 (0.30) 3.21 (0.45) 3.20 (0.08)

1 AMB 4.03 (0.23) 3.40 (0.21) 2.52 (0.06) 4.03 (0.23) 3.40 (0.20) 2.52 (0.06)
1+0.25 3.15 (0.49) 2.90 (0.71) 1.35 (0.21) 3.12 (0.17) 2.37 (0.11) 2.68 (0.19)
1+0.5 3.13 (0.18) 2.21 (0.17) 0.84 (1.19) 3.07 (0.10) 2.60 (0.69) 1.71 (1.39)
1+1 2.87 (0.03) 2.66 (0.04) 1.71 (0.56) 2.50 (0.14) 2.09 (0.84) 2.62 (0.12)

CJ97 Control 6.20 (0.00) 7.62 (0.06) 7.71 (0.3) 6.20 (0.00) 7.63 (0.06) 7.71 (0.30)
0.5 AMB 5.23 (0.05) 6.81 (0.04) 7.32 (0.00) 5.23 (0.05) 6.81 (0.04) 7.32 (0.00)
0.5+0.5 4.67 (0.00) 4.21 (0.02) 3.54 (0.18) 4.65 (0.02) 4.29 (0.66) 4.08 (0.36)
0.5+1 3.65 (0.07) 3.32 (0.04) 2.77 (0.54) 3.98 (0.02) 3.47 (0.16) 2.52 (0.11)
0.5+2 3.08 (0.39) 2.49 (0.86) 2.44 (2.39) 3.31 (0.25) 3.20 (0.29) 3.40 (0.22)

1 AMB 4.42 (0.32) 4.16 (1.03) 3.20 (0.69) 4.43 (0.32) 4.17 (1.00) 3.20 (0.69)
1+0.25 3.68 (0.25) 2.72 (0.22) 2.63(1.99) 3.52 (0.17) 3.07 (0.04) 2.48 (0.70)
1+0.5 3.30 (0.00) 3.28 (0.47) 0.50 (0.70) 3.45 (0.21) 2.44 (0.22) 1.76 (1.00)
1+1 2.83 (0.14) 2.87 (1.37) 2.09 (0.84) 2.17 (0.17) 2.43 (0.21) 2.37 (3.35)

CJ98 Control 6.38 (0.02) 7.54 (0.01) 7.95 (0.09) 6.38 (0.02) 7.54 (0.01) 7.95 (0.08)
0.5 AMB 5.20 (0.05) 6.40 (0.40) 7.50 (0.16) 5.23 (0.05) 6.4 (0.43) 7.48 (0.16)
0.5+0.5 4.42 (0.20) 3.79 (0.39) 3.55 (0.14) 4.38 (0.16) 3.96 (0.22) 5.08 (1.17)
0.5+1 3.35 (0.02) 3.03 (0.37) 3.00 (1.00) 3.55 (0.44) 3.22 (0.49) 1.85 (0.21)
0.5+2 2.86 (0.05) 3.23 (0.78) 3.39 (1.12) 2.73 (0.05) 2.48 (0.05) 3.52 (1.03)

1 AMB 3.85 (0.07) 3.61 (0.48) 3.77 (0.46) 3.85 (0.07) 3.61 (0.48) 3.77 (0.46)
1+0.25 3.13 (0.28) 2.55 (0.40) 1.79 (0.49) 2.95 (0.12) 2.57 (0.13) 3.60 (0.73)
1+0.5 3.06 (0.09) 2.39 (0.80) 1.79 (1.40) 3.00 (0.01) 3.31 (0.59) 1.00 (0.01)
1+1 2.26 (0.15) 3.22 (2.00) 0.60 (0.84) 1.3 (0.42) 1.97 (2.78) 0.00 (0.00)

CJ99 Control 6.88 (0.44) 7.54 (0.04) 7.93 (0.09) 6.88 (0.44) 7.54 (0.04) 7.93 (0.09)
0.5 AMB 5.30 (0.37) 7.05 (0.10) 7.54 (0.01) 5.30 (0.37) 7.05 (0.11) 7.54 (0.01)
0.5+0.5 4.68 (0.20) 4.68 (0.60) 3.28 (1.16) 4.70 (0.14) 3.94 (0.17) 3.19 (0.84)
0.5+1 3.88 (0.16) 2.68 (0.27) 3.11 (0.87) 3.75 (0.11) 2.84 (0.42) 1.68 (0.01)
0.5+2 2.58 (0.16) 1.7 (0.49) 2.40 (0.80) 2.66 (0.23) 2.69 (1.68) 3.40 (2.35)

1 AMB 3.88 (0.26) 2.99 (0.43) 4.93 (0.42) 3.88 (0.25) 2.99 (0.43) 4.94 (0.41)
1+0.25 2.90 (0.59) 2.23 (1.12) 1.77 (1.96) 3.10 (0.47) 1.99 (1.33) 1.43 (0.98)
1+0.5 2.90 (0.47) 2.29 (1.76) 1.91 (1.65) 2.38 (0.54) 2.06 (0.06) 1.90 (1.63)
1+1 2.25 (0.35) 2.23 (0.24) 0.95 (1.34) 2.25 (0.49) 2.19 (0.15) 0.00 (0.00)

CJ100 Control 6.43 (0.33) 7.7 (0.19) 7.81 (012) 6.43 (0.33) 7.70 (0.20) 7.80 (0.12)
0.5 AMB 5.50 (0.47) 7.28 (0.06) 7.49 (0.04) 5.50 (0.47) 7.28 (0.06) 7.49 (0.04)
0.5+0.5 4.55 (0.35) 4.72 (0.2) 4.32 (1.43) 4.55 (0.26) 4.78 (0.03) 3.26 (0.14)
0.5+1 3.02 (0.96) 2.65 (0.91) 2.29 (0.40) 3.82 (0.68) 2.75 (0.43) 1.42 (0.98)
0.5+2 2.66 (0.53) 2.25 (0.23) 1.74 (0.55) 2.70 (0.00) 2.93 (0.08) 2.09 (0.74)

1 AMB 4.17 (0.19) 3.34 (0.49) 3.10 (0.00) 4.16 (0.18) 3.34 (0.49) 3.10 (0.00)
1+0.25 2.96 (1.36) 2.38 (1.33) 1.07 (1.52) 3.02 (0.74) 2.67 (0.49) 2.10 (0.18)
1+0.5 3.20 (0.98) 2.45 (0.51) 2.1 (0.72) 2.88 (0.82) 1.23 (1.74) 0.53 (0.74)
1+1 2.61 (0.11) 1.37 (1.59) 1.73 (1.41) 1.80 (0.00) 0.00 (0.00) 0.00 (0.00)

CJ102 Control 6.52 (0.16) 7.59 (0.15) 7.59 (0.23) 6.52 (0.16) 7.59 (0.15) 7.6 0(0.24)
0.5 AMB 5.11 (0.21) 6.06 (0.12) 6.94 (0.57) 5.11 (0.21) 6.06 (0.13) 6.94 (0.57)
0.5+0.5 4.46 (0.18) 4.04 (0.40) 4.01 (0.15) 4.25 (0.16) 3.86 (0.16) 4.58 (0.48)
0.5+1 4.40 (0.14) 3.73 (0.09) 3.69 (0.43) 3.91 (0.02) 3.36 (0.01) 2.39 (0.00)
0.5+2 2.65 (0.35) 2.00 (0.25) 3.52 (0.00) 2.70 (0.14) 2.62 (0.52) 3.06 (0.00)

1 AMB 3.80 (0.14) 3.82 (0.44) 4.04 (0.19) 3.80 (0.14) 3.82 (0.43) 4.04 (0.18)
1+0.25 3.05 (0.44) 2.73 (0.36) 2.79 (1.14) 2.94 (0.27) 3.56 (0.51) 3.31 (0.00)
1+0.5 3.22 (0.40) 2.52 (0.84) 1.39 (0.52) 2.21 (0.50) 2.92 (1.10) 2.88 (0.10)
1+1 2.39 (0.06) 1.74 (1.02) 0.84 (1.18) 1.70 (0.70) 0.00 (0.00) 0.00 (0.00)

Synergy is marked in bold and fungicidal effects are underlined. AmB: amphotericin B; ECH: echinocandin; ANF: anidulafungin; CSP:
caspofungin.
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Interestingly, a quarter of all combination time–kill experiments showed regrowth
phenomena. The regrowth was observed specially for the combinations of 0.5 mg/L of
amphotericin B with 2 mg/L of echinocandin, which resulted, in the case of caspofungin,
in a lower mean effect compared to the combination that included 1 mg/L of caspofungin
(Figure 1).

When the killing-rate constants were analysed, positive k values, non-different from con-
trol curves, were obtained for all the drugs and concentrations in monotherapy (k = 0.055 h−1),
except for amphotericin B at 1 mg/L, with a negative mean k value (k = −0.031 h−1), indi-
cating fungal killing, even though the fungicidal threshold was not reached (Table 1). In
contrast to the positive k values for echinocandins alone, and for 0.5 mg/L of amphotericin
B, the time–kill curves patterns shifted for the combinations, all killing-rate constants were
negative and significantly different from monotherapy. This was also the case for the
combinations of anidulafungin with 1 mg/L of amphotericin B. Conversely, only the k of
the combination of 1 mg/L amphotericin B plus 1 mg/L of caspofungin was significantly
different from amphotericin B monotherapy. The reason may be due to the higher variabil-
ity observed in the activity of caspofungin in contrast to anidulafungin. Mean killing rate
constants for each drug combination are graphically represented in Figure 2.
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ANOVA followed by Bonferroni ś post hoc test). AmB, amphotericin B. 

4. Discussion 

Although echinocandins are the first-choice treatment for invasive candidiasis, the 

present study found that anidulafungin and caspofungin in monotherapy had no activity 

against any of the six C. auris isolates studied, while amphotericin B did, although at con-

centrations ≥ 1 μg/mL. Previously, we have reported that amphotericin B reached fungi-

cidal endpoint at concentrations ≥ 2 mg/L [23], in concordance with another study [9]. 

Thus far, there are only two works that have evaluated the activity of echinocandins 

against C. auris with this time–kill curve approach. In both studies, the first in vitro evi-

dence of the lack of fungicidal effect of the echinocandins was provided [9,10]. Dudiuk et 

al. reported that the average k values for caspofungin and anidulafungin were close to 

zero. Our results are similar, especially for caspofungin at 48 h, although the activity of 

anidulafungin in their study was higher, as they reported a fungistatic effect at 24 and 48 

h [9]. Kovács et al. investigated the killing activities of the three echinocandins against 

isolates from each C. auris clade. Their results were mostly in agreement with Dudiuk et 

al. and with those reported in the current study. They found fungistatic activity against 

the isolates from all clades [10]. Different possible explanations for the weak in vitro fun-

gistatic activity of echinocandins against C .auris have been proposed, such as the cell ag-

gregation formation as a survival strategy [10]. Szekely et al. observed the in vitro for-

mation of large cell aggregates in South African isolates [24], and other reports have also 

described this C. auris aggregative behaviour in vivo for most (up to 84%) isolates from 

the South African clade [25,26]. Interestingly, this aggregation was induced and reversible 

by echinocandin exposure, but not with amphotericin B exposure [24]. However, we have 
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AmB (One-way ANOVA followed by Bonferroni’s post hoc test). AmB, amphotericin B.

4. Discussion

Although echinocandins are the first-choice treatment for invasive candidiasis, the
present study found that anidulafungin and caspofungin in monotherapy had no activity
against any of the six C. auris isolates studied, while amphotericin B did, although at
concentrations ≥1 µg/mL. Previously, we have reported that amphotericin B reached
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fungicidal endpoint at concentrations ≥2 mg/L [23], in concordance with another study [9].
Thus far, there are only two works that have evaluated the activity of echinocandins
against C. auris with this time–kill curve approach. In both studies, the first in vitro
evidence of the lack of fungicidal effect of the echinocandins was provided [9,10]. Dudiuk
et al. reported that the average k values for caspofungin and anidulafungin were close
to zero. Our results are similar, especially for caspofungin at 48 h, although the activity
of anidulafungin in their study was higher, as they reported a fungistatic effect at 24 and
48 h [9]. Kovács et al. investigated the killing activities of the three echinocandins against
isolates from each C. auris clade. Their results were mostly in agreement with Dudiuk
et al. and with those reported in the current study. They found fungistatic activity against
the isolates from all clades [10]. Different possible explanations for the weak in vitro
fungistatic activity of echinocandins against C. auris have been proposed, such as the cell
aggregation formation as a survival strategy [10]. Szekely et al. observed the in vitro
formation of large cell aggregates in South African isolates [24], and other reports have also
described this C. auris aggregative behaviour in vivo for most (up to 84%) isolates from
the South African clade [25,26]. Interestingly, this aggregation was induced and reversible
by echinocandin exposure, but not with amphotericin B exposure [24]. However, we have
previously reported that isolates from our study related to the South African clade do not
grow as aggregates and are more pathogenic in vivo than other isolates that displayed an
aggregating phenotype [19]. This could be due to the fact that C. auris produces virulence
factor in a strain-dependent way, with different aggregating behaviour and virulence
among isolates within the same clade [25,26]. In fact, differences in murine virulence have
been reported for isolates from the same clade [26]. Nevertheless, regarding the clinical
relevance of the aggregating ability of certain C. auris isolates, further studies are needed to
determine if the aggregate formation during infection protects those strains from the effect
of antifungal drugs.

Additionally, it has been suggested that the aggregation may not be enough for C. auris
isolates to overcome echinocandin exposure [10], while other mechanisms have also been
proposed to explain the limited fungistatic activity of echinocandins, such as the increased
cell wall chitin as a response to the decrease in the amount of β-glucan induced by the
echinocandin exposure [27,28]. In this line, other reports found increased chitin amounts
in C. auris, compared to other species more susceptible to echinocandin drugs [29].

The lack of fungicidal activity found in vitro for echinocandins against C. auris, along
with the high concentrations of amphotericin B required to reach the fungicidal endpoint,
support the interest to examine the combinations with the two classes of antifungal agents.

In the current study it should be highlighted that synergy was rapidly achieved (8 h)
with the combinations of amphotericin B at 0.5 mg/L and the highest concentration of
anidulafungin or caspofungin (2 mg/L). Once achieved, synergy was sustained over 48 h.
Moreover, the combinations of amphotericin B at 1 mg/L and anidulafungin or caspofungin
resulted in a fungicidal activity. The achievement of this fungicidal activity and the earlier
arrival to this point was related to higher concentrations of echinocandins. The findings
of synergy, and in some cases of fungicidal activity, were promising, especially if the lack
of activity of the drugs alone (except for amphotericin B at the high concentration) is
considered.

To our knowledge, this is the first study on the combination of amphotericin B with
echinocandins against C. auris through in vitro time–kill curves. Very few studies have
examined the effect of antifungal drug combinations against this species, and most of
them have assessed the interactions solely with checkerboard data and fractional inhibitory
concentration index (FICI) determination. O’Brien et al. studied C. auris isolates from a
New York outbreak of candidiasis and found synergism for the combination of flucytosine
and echinocandins or amphotericin B, but not for the combination of amphotericin B
with echinocandins [13]. The New York strains that they evaluated were related to the
South Asian clade, while our isolates from the Valencia outbreak are related to the South
African clade. This different origin could explain the lack of concordance between both
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studies. However, Bidaut et al. observed indifference for the combination of amphotericin
B with flucytosine tested against C. auris isolates determined by FICI [12]. Published
works suggest that there might be differences in antifungal susceptibility among C. auris
clades [10,12]. Therefore, the synergism and antifungal activity shown by the combinations
of amphotericin B and anidulafungin or caspofungin in our study may not replicate in
isolates belonging to other clades.

Combination therapy with amphotericin B and echinocandins has been studied for
other species of Candida, with variable results. Kiraz et al. reported that amphotericin B
plus caspofungin showed synergism against 46% of the tested Candida glabrata isolates with
time—kill assays [30]. Another study found a similar degree of synergism with anidula-
fungin against various species of Candida [31]. Conversely, other studies with C. glabrata
demonstrated a lack of synergy with the combinations of amphotericin B and echinocan-
dins [32]. Although most interactions were deemed indifferent by the checkerboard method
in the study of Serena et al. on the combination of amphotericin B with micafungin, there
was synergism against some strains that were further analysed by time–kill methodology
and the combination demonstrated a fast-killing activity against them [33].

Olson et al. tested the combinations of amphotericin B and caspofungin or micafungin
in immunosuppressed mice infected with C. glabrata and found that both combinations,
administered either concomitantly or sequentially, significantly reduced the fungal burden
in tissues compared to any of the drugs in monotherapy [34]. Hossain et al. also reported a
significant fungal reduction with the co-administration of amphotericin B and caspofungin
against azole-resistant Candida albicans. However, when mice survival was checked, the
difference between combination therapy and monotherapy with amphotericin B was not
significant, even though the survival was higher in the drug combination group [35].

Clinical evidence regarding the combination of amphotericin B with echinocandins for
invasive candidiasis is scarce and mostly published as case reports. Mpakosi et al. reported
the successful treatment with liposomal amphotericin B and micafungin of a preterm
infant with Candida (Metschnikowia) pulcherrima fungaemia [36]. This rare species is, along
with C. auris, part of the Metschnikowiaceae family. Another report from Japan described
the eradication of Candida guillermondii infection in an oncology patient using the same
combination [37]. Roberts et al. reported a case of a patient suffering from C. auris intra-
articular infection successfully treated with amphotericin-impregnated spacer in addition
to systemic fluconazole or micafungin [38]. Apart from these case reports, there is limited
evidence on this issue, and the combined therapy of echinocandins with amphotericin B
has been used mostly in the treatment of invasive aspergillosis. Yilmaz et al. observed that
the combination of amphotericin B and caspofungin was safe and effective in the treatment
of invasive fungal infections of children with haematological malignancy, refractory to
amphotericin B, and caused by Aspergillus or Candida [39]. The multicentre observational
ProCAS study evaluated the effectiveness and safety of caspofungin in monotherapy and
in combination with amphotericin B or voriconazole in adult haematological patients with
invasive candidiasis. Favourable results were reported for Candida krusei fungemia treated
with amphotericin B plus caspofungin [40].

5. Conclusions

The combinations of amphotericin B with echinocandins provided greater killing
with a lower dose requirement of amphotericin B against all isolates of C. auris. These
findings could support a new therapeutic approach and expand the therapeutic options by
combining two first-line antifungal drugs in those cases where invasive candidiasis caused
by this species does not respond to current treatment. Despite the favourable results of the
combination, further in vivo studies are needed to better assess possible clinical relevance,
considering criteria of effectiveness and safety.



Pharmaceutics 2021, 13, 1333 8 of 10

Author Contributions: Conceptualization, U.C., N.J., E.E. and G.Q.; methodology, U.C., E.E. and
N.J.; software, U.C. and N.J.; validation, U.C. and E.E.; formal analysis, U.C.; investigation, U.C. and
N.J.; resources, N.J., G.Q. and E.E.; data curation, U.C.; writing—original draft preparation, U.C. and
N.J.; writing—review and editing, U.C., E.E., G.Q. and N.J.; visualization, U.C., E.E., G.Q. and N.J.;
supervision, N.J. and G.Q.; project administration, N.J. and G.Q.; and funding acquisition, G.Q, E.E.
and N.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Consejería de Educación, Universidades e Investigación of
Gobierno Vasco-Eusko Jaurlaritza, GIC15/78 IT-990-16 and by FIS, Spain, PI17/01538. U.C. was
funded by a Ph.D. grant from the University of the Basque Country, PIF 17/266.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Acknowledgments: The authors wish to thank Javier Pemán and Alba Ruiz-Gaitán (Hospital Uni-
versitario y Politécnico La Fe, Valencia, Spain) for kindly providing clinical isolates.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. WHO. First meeting of the WHO Antifungal Expert Group on Identifying Priority Fungal Pathogens: Meeting Report. World

Health Organization: Geneva, Switzerland, 2020. Licence: CC BY-NC-SA 3.0 IGO. Available online: https://www.who.int/
publications/i/item/9789240006355 (accessed on 20 June 2021).

2. Sekyere, J.O. Candida auris: A Systematic Review and Meta-Analysis of Current Updates on an Emerging Multidrug-Resistant
Pathogen. Microbiol. Open 2018, 7, e00578. [CrossRef] [PubMed]

3. Ben-Ami, R.; Berman, J.; Novikov, A.; Bash, E.; Shachor-Meyouhas, Y.; Zakin, S.; Maor, Y.; Tarabia, J.; Schechner, V.; Adler, A.; et al.
Multidrug-Resistant Candida haemulonii and C. auris, Tel Aviv, Israel. Emerg. Infect. Dis. 2017, 23, 195–203. [CrossRef] [PubMed]

4. Lockhart, S.R.; Etienne, K.A.; Vallabhaneni, S.; Farooqi, J.; Chowdhary, A.; Govender, N.P.; Colombo, A.; Calvo, B.; Cuomo, C.A.;
Desjardins, C.A. Simultaneous Emergence of Multidrug-Resistant Candida auris on 3 Continents Confirmed by Whole-Genome
Sequencing and Epidemiological Analyses. Clin. Infect. Dis. 2017, 64, 134–140. [CrossRef] [PubMed]

5. Zhu, Y.; O’Brien, B.; Leach, L.; Clarke, A.; Bates, M.; Adams, E.; Ostrowsky, B.; Quinn, M.; Dufort, E.; Southwick, K.; et al.
Laboratory analysis of an outbreak of Candida auris in New York from 2016 to 2018: Impact and lessons learned. J. Clin. Microbiol.
2020, 58, e01503-19. [CrossRef] [PubMed]

6. Chowdhary, A.; Prakash, A.; Sharma, C.; Kordalewska, M.; Kumar, A.; Sarma, S.; Tarai, B.; Singh, A.; Upadhyaya, G.; Upadhyay,
S.; et al. A multicentre study of antifungal susceptibility patterns among 350 Candida auris isolates (2009–17) in India: Role of the
ERG11 and FKS1 genes in azole and echinocandin resistance. J. Antimicrob. Chemother. 2018, 73, 891–899. [CrossRef]

7. Lockhart, S.R. Candida auris and multidrug resistance: Defining the new normal. Fungal Genet. Biol. 2019, 131, 103243. [CrossRef]
[PubMed]

8. Chowdhary, A.; Tarai, B.; Singh, A.; Sharma, A. Multidrug-Resistant Candida auris Infections in Critically Ill Coronavirus Disease
Patients, India, April–July 2020. Emerg. Infect. Dis. 2020, 26, 2694–2696. [CrossRef]

9. Dudiuk, C.; Berrio, I.; Leonardelli, F.; Morales-Lopez, S.; Theill, L.; Macedo, D.; Yesid-Rodriguez, J.; Salcedo, S.; Marin, A.;
Gamarra, S.; et al. Antifungal activity and killing kinetics of anidulafungin, caspofungin and amphotericin B against Candida
auris. J. Antimicrob. Chemother. 2019, 74, 2295–2302. [CrossRef]

10. Kovács, R.; Tóth, Z.; Locke, J.B.; Forgács, L.; Kardos, G.; Nagy, F.; Borman, A.M.; Majoros, L. Comparison of in vitro killing
activity of rezafungin, anidulafungin, caspofungin, and micafungin against four Candida auris clades in RPMI-1640 in the absence
and presence of human serum. Microorganisms 2021, 9, 863. [CrossRef]

11. Fakhim, H.; Chowdhary, A.; Prakash, A.; Vaezi, A.; Dannaoui, E.; Meis, J.F.; Badali, H. In vitro interactions of echinocandins with
triazoles against multidrug-resistant Candida auris. Antimicrob. Agents Chemother. 2017, 61. [CrossRef]

12. Bidaud, A.L.; Botterel, F.; Chowdhary, A.; Dannaoui, E. In vitro antifungal combination of flucytosine with amphotericin B,
voriconazole, or micafungin against Candida auris shows no antagonism. Antimicrob. Agents Chemother. 2019. [CrossRef]

13. O’Brien, B.; Chaturvedi, S.; Chaturvedi, V. In Vitro Evaluation of Antifungal Drug Combinations against Multidrug-Resistant
Candida auris Isolates from New York Outbreak. Antimicrob. Agents Chemother. 2020, 64. [CrossRef]

14. Pfaller, M.A.; Messer, S.S.; Deshpande, L.M.; Rhomberg, P.R.; Utt, E.A.; Castanheira, M. Evaluation of synergistic activity of
isavuconazole or voriconazole plus anidulafungin and the occurrence and genetic characterisation of Candida auris detected in a
surveillance program. Antimicrob. Agents Chemother. 2021, in press. [CrossRef] [PubMed]

15. Caballero, U.; Kim, S.; Eraso, E.; Quindós, G.; Vozmediano, V.; Schmidt, S.; Jauregizar, N. In vitro synergistic interactions of
isavuconazole and echinocandins against Candida auris. Antibiotics 2021, 10, 355. [CrossRef] [PubMed]

16. Nagy, F.; Tóth, Z.; Nyikos, F.; Forgács, L.; Jakab, Á.; Borman, A.M.; Majoros, L.; Kovács, R. In Vitro and In Vivo Interaction of
Caspofungin with Isavuconazole against Candida auris Planktonic Cells and Biofilms. Med. Mycol. 2021, 434267. [CrossRef]

https://www.who.int/publications/i/item/9789240006355
https://www.who.int/publications/i/item/9789240006355
http://doi.org/10.1002/mbo3.578
http://www.ncbi.nlm.nih.gov/pubmed/29345117
http://doi.org/10.3201/eid2302.161486
http://www.ncbi.nlm.nih.gov/pubmed/28098529
http://doi.org/10.1093/cid/ciw691
http://www.ncbi.nlm.nih.gov/pubmed/27988485
http://doi.org/10.1128/JCM.01503-19
http://www.ncbi.nlm.nih.gov/pubmed/31852764
http://doi.org/10.1093/jac/dkx480
http://doi.org/10.1016/j.fgb.2019.103243
http://www.ncbi.nlm.nih.gov/pubmed/31228646
http://doi.org/10.3201/eid2611.203504
http://doi.org/10.1093/jac/dkz178
http://doi.org/10.3390/microorganisms9040863
http://doi.org/10.1128/AAC.01056-17
http://doi.org/10.1128/AAC.01393-19
http://doi.org/10.1128/AAC.02195-19
http://doi.org/10.1128/AAC.02031-20
http://www.ncbi.nlm.nih.gov/pubmed/33431416
http://doi.org/10.3390/antibiotics10040355
http://www.ncbi.nlm.nih.gov/pubmed/33800601
http://doi.org/10.1101/2021.03.08.434267


Pharmaceutics 2021, 13, 1333 9 of 10

17. Ruiz-Gaitán, A.; Moret, A.M.; Tasias-Pitarch, M.; Aleixandre-López, A.I.; Martínez-Morel, H.; Calabuig, E.; Salavert-Lletí,
M.; Ramírez, P.; López-Hontangas, J.L.; Hagen, F.; et al. An outbreak due to Candida auris with prolonged colonisation and
candidaemia in a tertiary care European hospital. Mycoses 2018, 61, 498–505. [CrossRef] [PubMed]

18. Chow, N.A.; Muñoz, J.F.; Gade, L.; Berkow, E.L.; Li, X.; Welsh, R.M.; Forsberg, K.; Lockhart, S.R.; Adam, R.; Alanio, A.; et al.
Tracing the evolutionary history and global expansion of Candida auris using population genomic analyses. MBio 2020, 11,
e03364-19. [CrossRef]

19. Hernando-Ortiz, A.; Mateo, E.; Pérez-Rodríguez, A.; de Groot, P.W.J.; Quindós, G.; Eraso, E. Virulence of Candida auris from
different clinical origins in Caenorhabditis elegans and Galleria mellonella host models. Virulence 2021, 12, 1063–1075. [CrossRef]
[PubMed]

20. EUCAST. The European Committee for Antimicrobial Susceptibility Testing. Method for the Determination of Broth Dilution
Minimum Inhibitory Concentrations of Antifungal Agents for Yeasts. EUCAST Definitive document E.def 7.3.2, 2020. Available
online: https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Files/EUCAST_E_Def_7.3.2_Yeast_testing_
definitive_revised_2020.pdf (accessed on 8 February 2021).

21. Cantón, E.; Pemán, J.; Gobernado, M.; Viudes, A.; Espinel-Ingroff, A. Patterns of amphotericin B killing kinetics against seven
Candida species. Antimicrob. Agents Chemother. 2004, 48, 2477–2482. [CrossRef]

22. Mukherjee, P.K.; Sheehan, D.J.; Hitchcock, C.A.; Ghannoum, M.A. Combination treatment of invasive fungal infections. Clin.
Microbiol. Rev. 2005, 18, 163–194. [CrossRef]

23. Caballero, U.; Saravia, Y.E.; Eraso, E.; Pemán, J.; Quindós, G.; Jauregizar, N. Actividad in vitro de anfotericina B contra Candida
auris mediante curvas de tiempo-letalidad. In Proceedings of the 14 Congreso Nacional de Micología, Tarragona, Spain, 19–21
September 2018. Poster number 9.

24. Szekely, A.; Borman, A.M.; Johnson, E.M. Candida auris Isolates of the Southern Asian and South African Lineages Exhibit
Different Phenotypic and Antifungal Susceptibility Profiles In Vitro. J. Clin. Microbiol. 2019, 57, e02055-18. [CrossRef]

25. Borman, A.M.; Szekely, A.; Johnson, E.M. Comparative Pathogenicity of United Kingdom Isolates of the Emerging Pathogen
Candida auris and Other Key Pathogenic Candida Species. mSphere 2016, 1, e00189-16. [CrossRef] [PubMed]

26. Forgács, L.; Borman, A.M.; Prépost, E.; Tóth, Z.; Kardos, G.; Kovács, R.; Szekely, A.; Nagy, F.; Kovacs, I.; Majoros, L. Comparison
of in vivo pathogenicity of four Candida auris clades in a neutropenic bloodstream infection murine model. Emerg. Microbes Infect.
2020, 9, 1160–1169. [CrossRef] [PubMed]

27. Kordalewska, M.; Lee, A.; Park, S.; Berrio, I.; Chowdhary, A.; Zhao, Y.; Perlin, D.S. Understanding Echinocandin Resistance in the
Emerging Pathogen Candida auris. Antimicrob. Agents Chemother. 2018, 62, e00238-18. [CrossRef] [PubMed]

28. Tóth, Z.; Forgács, L.; Kardos, T.; Kovács, R.; Locke, J.B.; Kardos, G.; Nagy, F.; Borman, A.M.; Adnan, A.; Majoros, L. Relative
Frequency of Paradoxical Growth and Trailing Effect with Caspofungin, Micafungin, Anidulafungin, and the Novel Echinocandin
Rezafungin against Candida Species. J. Fungi. 2020, 6, 136. [CrossRef] [PubMed]

29. Navarro-Arias, M.J.; Hernández-Chávez, M.J.; García-Carnero, L.C.; Amezcua-Hernández, D.G.; Lozoya-Pérez, N.E.; Estrada-
Mata, E.; Martínez-Duncker, I.; Franco, B.; Mora-Montes, H.M. Differential recognition of Candida tropicalis, Candida guilliermondii,
Candida krusei, and Candida auris by human innate immune cells. Infect. DrugRresist. 2019, 12, 783–794. [CrossRef]

30. Kiraz, N.; Dag, I.; Yamac, M.; Kiremitci, A.; Kasifoglu, N.; Akgun, Y. Antifungal activity of caspofungin in combination with
amphotericin B against Candida glabrata: Comparison of disk diffusion, Etest, and time-kill methods. Antimicrob. Agents Chemother.
2009, 53, 788–790. [CrossRef]

31. Teixeira-Santos, R.; Rocha, R.; Moreira-Rosario, A.; Monteiro-Soares, M.; Cantón, E.; Rodrigues, A.G.; Pina-Vaz, C. Novel
method for evaluating in vitro activity of anidulafungin in combination with amphotericin B or azoles. J. Clin. Microbiol. 2012, 8,
2748–2754. [CrossRef]

32. Denardi, L.B.; Keller, J.T.; Oliveira, V.; Mario, D.A.N.; Santurio, J.M.; Alves, S.H. Activity of combined antifungal agents against
multidrug-resistant Candida glabrata strains. Mycopathologia 2017, 9–10, 819–828. [CrossRef] [PubMed]

33. Serena, C.; Mariné, M.; Quindós, G.; Carrillo, A.J.; Cano, J.F.; Pastor, F.J.; Guarro, J. In vitro interactions of micafungin with
amphotericin B against clinical isolates of Candida spp. Antimicrob. Agents Chemother. 2008, 4, 1529–1532. [CrossRef]

34. Olson, J.A.; Adler-Moore, J.P.; Smith, P.J.; Proffitt, R.T. Treatment of Candida glabrata infection in immunosuppressed mice by using
a combination of liposomal amphotericin B with caspofungin or micafungin. Antimicrob. Agents Chemother. 2005, 12, 4895–4902.
[CrossRef] [PubMed]

35. Hossain, M.A.; Reyes, G.H.; Long, L.A.; Mukherjee, P.K.; Ghannoum, M.A. Efficacy of caspofungin combined with amphotericin
B against azole-resistant Candida albicans. J. Antimicrob. Chemother. 2003, 6, 1427–1429. [CrossRef] [PubMed]

36. Mpakosi, A.; Siopi, M.; Falaina, V.; Siafakas, N.; Roilides, E.; Kimouli, M.; Theodoraki, M.; Karle, P.; Meletiadis, J. Successful
therapy of Candida pulcherrima fungemia in a premature newborn with liposomal amphotericin B and micafungin. Med. Mycol.
Case Rep. 2016, 12, 24–27. [CrossRef] [PubMed]

37. Saitoh, T.; Matsushima, T.; Shimizu, H.; Osaki, Y.; Yamane, A.; Irisawa, H.; Yokohama, A.; Uchiumi, H.; Handa, H.; Tsukamoto,
N.; et al. Successful treatment of azole-refractory Candida guilliermondii fungemia with a combination therapy of micafungin and
liposomal amphotericin B. Rinsho Ketsueki 2008, 2, 94–98.

38. Roberts, S.C.; Zembower, T.R.; Bolon, M.K.; Kadakia, A.R.; Gilley, J.H.; Ko, J.H.; Clark, J.; Ward-Fore, S.; Taiwo, B.O. Successful
treatment of a Candida auris intra-articular infection. Emerg. Microbes Infect. 2019, 8, 866–868. [CrossRef]

http://doi.org/10.1111/myc.12781
http://www.ncbi.nlm.nih.gov/pubmed/29655180
http://doi.org/10.1128/mBio.03364-19
http://doi.org/10.1080/21505594.2021.1908765
http://www.ncbi.nlm.nih.gov/pubmed/33843456
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Files/EUCAST_E_Def_7.3.2_Yeast_testing_definitive_revised_2020.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Files/EUCAST_E_Def_7.3.2_Yeast_testing_definitive_revised_2020.pdf
http://doi.org/10.1128/AAC.48.7.2477-2482.2004
http://doi.org/10.1128/CMR.18.1.163-194.2005
http://doi.org/10.1128/JCM.02055-18
http://doi.org/10.1128/mSphere.00189-16
http://www.ncbi.nlm.nih.gov/pubmed/27547827
http://doi.org/10.1080/22221751.2020.1771218
http://www.ncbi.nlm.nih.gov/pubmed/32486923
http://doi.org/10.1128/AAC.00238-18
http://www.ncbi.nlm.nih.gov/pubmed/29632013
http://doi.org/10.3390/jof6030136
http://www.ncbi.nlm.nih.gov/pubmed/32824464
http://doi.org/10.2147/idr.s197531
http://doi.org/10.1128/AAC.01131-08
http://doi.org/10.1128/JCM.00610-12
http://doi.org/10.1007/s11046-017-0141-9
http://www.ncbi.nlm.nih.gov/pubmed/28493006
http://doi.org/10.1128/AAC.01097-07
http://doi.org/10.1128/AAC.49.12.4895-4902.2005
http://www.ncbi.nlm.nih.gov/pubmed/16304150
http://doi.org/10.1093/jac/dkg230
http://www.ncbi.nlm.nih.gov/pubmed/12716772
http://doi.org/10.1016/j.mmcr.2016.08.002
http://www.ncbi.nlm.nih.gov/pubmed/27642562
http://doi.org/10.1080/22221751.2019.1625287


Pharmaceutics 2021, 13, 1333 10 of 10

39. Yilmaz, D.; Balkan, C.; Ay, Y.; Akin, M.; Karapinar, B.; Kavakli, K. A rescue therapy with a combination of caspofungin and
liposomal amphotericin B or voriconazole in children with haematological malignancy and refractory invasive fungal infections.
Mycoses 2011, 3, 234–242. [CrossRef]

40. Jarque, I.; Tormo, M.; Bello, J.L.; Rovira, M.; Batlle, M.; Julià, A.; Tabares, S.; Rivas, C.; Fernández-Sevilla, A.; García-Boyero, R.;
et al. Caspofungin for the treatment of invasive fungal disease in hematological patients (ProCAS study). Med. Mycol. 2013, 2,
150–154. [CrossRef]

http://doi.org/10.1111/j.1439-0507.2009.01808.x
http://doi.org/10.3109/13693786.2012.693213

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

