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SUMMARY
We compared the micafungin killing rate and postantifungal effect (PAFE) at 4, 16 and 32 mg/L in RPMI1640 and in 50% serum against the C. albicans complex. In RPMI-1640 PAFEs were 1.5 - >19.4, 9.7 - >20.1
and 15.9 - >18.5 hours for C. albicans, C. africana and C. dubliniensis, respectively. In 50% serum PAFEs
decreased sharply to 0-1.7 hours for all three species; killing rates were always negative. Short growth inhibition without killing in 50% serum suggests that micafungin PAFE has a limited role in the eradication
of the C. albicans complex from the bloodstream.
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Micafungin (MICA) is an echinocandin antifungal with
excellent activity against Candida species. In RPMI-1640
MICA shows concentration-dependent fungicidal or fungistatic activity and prolonged postantifungal effect (PAFE)
against most Candida species (Gil-Alonso et al., Lepak
and Andes, 2014). Theoretically, antifungals with long
PAFE require less frequent administration than those with
shorter PAFEs, but the clinical relevance of PAFE using
the current daily dosing regimen remains unknown (Lepak and Andes, 2014).
Although C. albicans remains the most commonly isolated fungal pathogen from the bloodstream, the occurrence of non-C. albicans species shows increased frequency (Pappas et al., 2016). C. dubliniensis and C. africana,
which are easily misidentified as C. albicans using traditional identification methods, are less prevalent than C.
albicans, causing infections mainly on mucosal surfaces.
However, both were reported to cause infections in normally sterile body sites (Khan et al., 2012; Romeo and
Criseo, 2011).
The vast majority of PAFE data against Candida species
were obtained in the protein-free RPMI-1640 medium
used in standard antifungal susceptibility testing, but this
medium was shown to mimic the in vivo conditions poorly, as Candida species are rarely found in a protein-free environment in vivo (Nasar et al., 2013). As outcomes of infections correlated well with serum drug concentrations,
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pharmacodynamic parameters of antifungals measured in
RPMI-1640 probably do not predict the efficacy correctly
in case of highly protein-bound antifungals like echinocandins (Nasar et al., 2013). Thus, we compared the killing
activity of MICA in PAFE experiments in RPMI-1640 and
50% serum against C. albicans, C. dubliniensis and C. africana reference strains and clinical isolates.
All clinical isolates (Table 1) originated from a previous
study (Kovács et al. 2017). MICA (Astellas) MICs in RPMI1640 with and without 50% human serum (from a human
male, type AB, Sigma, Budapest, Hungary) were determined using the CLSI broth macrodilution method. Final
concentrations of MICA ranged between 0.015-8 mg/L in
both media. MIC values were read after 24 h using the
partial inhibition criterion (CLSI, 2008).
PAFE was measured in both media simultaneously
(Kovács et al., 2014). We used MICA with a one-hour exposure time at 4, 16 and 32 mg/L concentrations, which
are attainable in serum using a 150 mg MICA daily dose
yielding 4.85 mg/L mean trough and 29.5-37.1 mg/L peak
concentrations (Goto et al., 2010; Ishikawa et al., 2009).
Killing kinetics was characterized by the killing rates as
described previously (Kovács et al., 2014). PAFE was defined as the difference in the time required for control
and test isolates to grow 1 log10 following drug removal
(Kovács et al., 2014).
One-way ANOVA with Tukey’s post-testing was used to
analyze differences in killing rates by concentrations in
either RPMI-1640 or 50% serum. Paired T test was used
to compare the effect of the medium as well as the killing
and growth rates in PAFE experiments at the same drug
concentration (Kovács et al., 2014).
C. albicans isolates and the ATCC 10231 strain were susceptible to MICA in RPMI-1640 (Table 1) (Pappas et al.,
2016). MICs of C. dubliniensis type strains and isolates
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Table 1 - Isolates, MICs and postantifungal effect (PAFE) of micafungin against C. albicans, C. africana and C. dubliniensis
isolates in RPMI-1640 and RPMI-1640-50% serum (50% serum).
Isolate number
C. albicans ATCC 10231
C. albicans 183
C. albicans 5265
C. africana ATCC 2669
C. africana 97-135
C. dubliniensis CD36
C. dubliniensis CBS 8500
C. dubliniensis 1081
C. dubliniensis 2953

Media

MIC (mg/L)

RPMI-1640

0.03

PAFE in hours
4 mg/L

16 mg/L

32 mg/L

1.5

>19.4

19.4

50% serum

0.5

0.2

1.7

0.2

RPMI-1640

0.03

>19.3

>19.3

>19.3

50% serum

1

0

0.1

0.2

RPMI-1640

0.015

>18.2

>18.2

>18.2

50% serum

1

0

0.5

0.3

RPMI-1640

0.015

9.7

19.9

>20.1

50% serum

0.5

0

0

0.1

RPMI-1640

0.015

>19.2

>19.2

>19.2

50% serum

0.5

0

0.5

1.0

RPMI-1640

0.015

18.8

19.9

17.5

50% serum

1

0.1

0

0

RPMI-1640

0.03

>17.8

>17.8

>17.8

50% serum

1

0

0

0

RPMI-1640

0.06

>18.5

>18.5

>18.5

50% serum

1

0

0

0

RPMI-1640

0.03

>15.9

>15.9

>15.9

50% serum

0.5

0

0

0

Figure 1 - Killing rates of micafungin and corresponding regression lines (dashed lines) against C. albicans (panels A-C),
C. africana (panels D-E) and C. dubliniensis (panels F-I) isolates in RPMI-1640 (RPMI) and RPMI-1640 plus 50% serum
(serum).
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were not higher than the published epidemiological cutoff value (0.12 mg/L) (Pfaller et al., 2011). Clinical breakpoints and epidemiological cut-off value are not available
for C. africana, but MIC values were similar to C. albicans
or C. dubliniensis. MICs against all species of the C. albicans complex were 16-64-fold higher in the presence of
50% serum (Table 1).
In RPMI-1640, PAFEs were 1.5->19.4, 9. ->20.1 and 15.9>18.5 hours for C. albicans, C. africana and C. dubliniensis, respectively (Table 1). In 50% serum, PAFEs were very
short (≤1.7 hours) or absent for all three species.
In RPMI-1640, MICA was fungistatic after one-hour exposure against the C. albicans complex. Maximum colony count changes for C. albicans, C. africana and C. dubliniensis ranged from -0.65 to -1.33, from -0.10 to -0.65 and
from 0.04 to -0.93 CFU/mL, respectively. All C. dubliniensis
strains produced re-growth at all tested concentrations. In
50% serum, even transient CFU reductions (re-growth)
were found only in cases of the two C. albicans clinical
isolates (range -0.11 to 0.47 CFU/mL) at 16 and 32 mg/L.
For the other two species, one-hour MICA exposure never
decreased the CFUs.
In RPMI-1640, the killing rate for C. albicans ATCC 10231
was positive only at 32 mg/L (0.168 1/h) (Figure 1). For
the two clinical isolates, k values were positive at all concentrations, with the exception of isolate 183 at 4 mg/L
(Figure 1). In case of C. Africana, ATCC 2669 k values were
negative in RPMI-1640, while for isolate 97-135 weak and
concentration-independent killing was observed (Figure
1). For C. dubliniensis, in RPMI-1640, killing was observed
for type strain CBS 8500 and clinical isolate 1081, but killing rates were always negative for the CD36 strain at all
tested concentrations (from -0.004 to 0.039 1/h) and for
2953 isolate at 32 mg/L (-0.04 1/h) (Figure 1). The highest
k value was seen in case of the CBS 8500 strain at 4 mg/L
(0.22 1/h) (Figure 1). In 50% serum, killing rates were always negative indicating growth for all species and concentrations (Figure 1).
In RPMI-1640, MICA produced PAFEs comparable to earlier data (Gil-Alonso et al., 2015). One-hour MICA exposure did not reproducibly produce killing against any of
the three species in either media. Notably, in RPMI-1640
prolonged PAFEs were measured frequently despite a
complete lack of killing against all three species, suggesting that PAFE only represents a delayed growth inhibition
without significant CFU decrease. Lack of killing as well
as PAFE in serum is probably explained by 99.9% protein-binding, leading to too low free drug levels even at 32
mg/L concentration. (Nasar et al., 2013).
In conclusion, one-hour exposure to MICA in 50% serum
always produced negative k values indicating growth;
moreover, PAFEs became negligible in 50% serum. Consequently, prolonged PAFE in RPMI-1640 is not a good

predictor of in vivo PAFE, which is better mimicked by
the medium with 50% serum. Although we may expect
prolonged growth inhibition or killing even after brief
exposure to MICA (and probably to other echinocandins)
in body sites where the protein concentration is low (i.e.
saliva), the present results together with our previous observation with caspofungin (Kovács et al., 2014) strongly
suggest that short echinocandin exposure has minimal or
no impact on the in vivo efficacy against the C. albicans
complex in bloodstream infections.
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