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In vitro antifungal activities of
anidulafungin and micafungin,
licensed agents and the investigational
triazole posaconazole as determined
by NCCLS methods for 12,052 fungal
isolates: review of the literature
Ana Espinel-Ingroff
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The echinocandins anidulafungin and micafungin and the triazole posaconazole
are currently undergoing phase III clinical trials. Caspofungin and voriconazole
have recently been licensed for the treatment of aspergillosis (both agents),
other less common mould (voriconazole) and candidal (caspofungin) infections.
This review summarizes the published in vitro data obtained by NCCLS or
NCCLS modified methods on the in vitro fungistatic and fungicidal activities of
these five agents for yeasts and moulds in comparison to the established
agents, amphotericin B, fluconazole, itraconazole, and flucytosine. Among the
yeasts, the echinocandins have less activity for Candida parapsilosis and
Candida guilliermondii, no activity for Cryptococcus neoformans and
Trichosporon spp., but good fungistatic and fungicidal activity in vivo and in
vitro for most of the other Candida spp.; this fungicidal activity has been
reported by minimum fungicidal concentrations (MFCs) or time kill curve results.
The new triazoles exhibit good fungistatic activity (but not fungicidal) for most
Candida spp., C. neoformans, and Trichosporon spp. For the Aspergillus spp.
evaluated, the echinocandins have similar or better fungistatic activity than
those of amphotericin B and the triazoles, but fungicidal activity has been
demonstrated only with amphotericin B and the triazoles, with the exception of
fluconazole. Most studies showed posaconazole and voriconazole minimum
inhibitory concentrations (MICs) ranging from 0.25 to 8 µg/ml for non-solani
Fusarium spp., while MIC and minimum effective concentration (MEC) endpoints
of the echinocandins were >8 µg/ml. The fungistatic activity of the triazoles is
also superior to that of the echinocandins for most of the dimorphic fungi and
the Zygomycetes. However, micafungin has activity for the mould phase of most
dimorphic fungi, but not for the parasitic or yeast phase of Paracoccidioides
brasiliensis. The echinocandins appear to have variable and species dependent
fungistatic activity for the dematiaceous fungi, but all agents have poor or no
activity against most isolates of Scedosporium prolificans. Only amphotericin B
exhibit good fungistatic activity against the Zygomycetes. The combination of
caspofungin with some triazoles, amphotericin B or liposomal amphotericin B
has been synergistic in vitro, in animal models and in patients. Breakpoints are
not available for any mould and antifungal agent combination. In vitro/in vivo
correlations should aid in the interpretation of these results, but standard testing
conditions are needed for the echinocandins, especially for mould testing, 
to obtain reliable results. 
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Actividades in vitro de anidulafungina y micafungina,
de los antifúngicos habituales de uso clínico y del
triazol en investigación posaconazol, determinadas
por métodos del NCCLS, contra 12.052 aislamientos
fúngicos: revisión de la literatura
Las equinocandinas anidulafungina y micafungina y el triazol posaconazol están
en fase de ensayo clínico III. La caspofungina y el voriconazol han sido
recientemente comercializados para su uso clínico en el tratamiento de la
aspergilosis (ambos), las micosis por hongos filamentosos menos comunes
(voriconazol) y las candidiasis (caspofungina). Esta revisión resume los datos
obtenidos in vitro mediante los métodos propuestos por el NCCLS o con
modificaciones de éstos sobre las actividades fungistáticas y fungicidas de
estos cinco fármacos contra levaduras y mohos en comparación con las
actividades mostradas por otros antifúngicos de uso clínico ya establecido,
como anfotericina B, fluconazol, itraconazol y 5-fluorocitosina. Dentro de las
levaduras, las equinocandinas muestran una menor actividad sobre Candida
parapsilosis y Candida guilliermondii, y son inactivas contra Cryptococcus
neoformans y Trichosporon spp., pero su actividad fungistática y fungicida es
buena contra el resto de las especies de Candida. Esta actividad fungicida se
ha demostrado mediante la determinación de la concentración mínima fungicida
(MFCs) o mediante curvas de tiempo-destrucción celular (time-kill curves). 
Los nuevos triazoles muestran una buena actividad fungistática (aunque no
fungicida) contra la mayoría de las especies de Candida y Trichosporon y contra
C. neoformans. En el caso de las especies de Aspergillus estudiadas, las
equinocandinas tienen una actividad fungistática similar e incluso mejor que las
mostradas por la anfotericina B y los triazoles, pero es con la anfotericina B y
con los triazoles, con la excepción de fluconazol, con los que se han observado
efectos fungicidas. La mayoría de los estudios han mostrado que las
concentraciones mínimas inhibitorias (CMIs) del posaconazol y voriconazol
están entre 0,25 y 8 µg/ml para las especies de Fusarium diferentes a Fusarium
solani, mientras que las CMIs y las concentraciones mínimas efectivas (CMEs)
para las equinocandinas eran >8 µg/ml. La actividad fungistática de los triazoles
es también superior a la de las equinocandinas para la mayoría de los hongos
dimorfos y los Zygomycetes. Sin embargo, la micafungina tiene actividad contra
la fase micelial de la mayoría de los hongos dimorfos, pero no contra la fase
parásita o de levadura de Paracoccidioides brasiliensis. Las equinocandinas
parecen tener una actividad fungistática variable y dependiente de especie
contra los hongos dematiáceos, aunque todos los fármacos estudiados tienen
poca o ninguna actividad contra la mayoría de las cepas de Scedosporium
prolificans. Únicamente la anfotericina B muestra una buena actividad
fungistática contra los Zygomycetes. La combinación de caspofungina con
algunos triazoles, la anfotericina B o la anfotericina B liposómica ha tenido un
efecto sinérgico in vitro, en modelos animales y en pacientes. No existen puntos
de corte para ninguna de las combinaciones de antifúngico y hongo
filamentoso. Las correlaciones in vitro/in vivo deberían ayudar en la
interpretación de estos resultados, pero para esto son necesarias condiciones
estándares de ensayo para las equinocandinas, especialmente para el estudio
de los hongos filamentosos si se desea obtener resultados fiables. 

Antifúngico, Triazoles, Equinocandinas, Anfotericina B, 5-fluorocitosina,
Levadura, Moho, NCCLS, Fungistático, Fungicida

122 Rev Iberoam Micol 2003; 20: 121-136

The incidences of invasive infections caused by Can-
dida spp. [1], Cryptococcus neoformans [2], and Asper-
gillus spp. [3] have increased since the 1980s. An increase
in the use of antifungal agents led to the development of
resistance to these agents, especially among AIDS patients
[4,5] and in patients undergoing immunosuppressive the-
rapy [6,7]. In the 1990s, the successful prevention of can-
didiasis and CMV disease early after hematopoietic stem
cell transplantation and corticosteroid treatment for severe
graft-versus host disease have also increased the incidence
of infections caused by non-fumigatus Aspergillus spp., the
Zygomycetes and Fusarium spp. [8-11]. The increased
incidence and prevalence of mould invasive diseases, as
well as those caused by non-albicans Candida species and

other emerging fungi, has become a serious problem,
because these organisms can be resistant to both amphote-
ricin B and established azole antifungals [7,9, 12,13]. The
associated mortality rate in organ transplant patients could
be as high as 80 to 100% for zygomycosis and other non-
Aspergillus hyalohyphomycosis and 54% for aspergillosis
[14,15]; the former infections are usually associated with
dissemination and a lower rate of successful outcome to
therapy [16]. However, the mortality rate for aspergillosis
among patients with acute leukemia and bone marrow
transplantation is 60 to 80% [14,15]. Despite the develop-
ment of amphotericin B lipid formulations and the use of
fluconazole, nosocomial candidiasis has continued to be
another serious problem [7].
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In response to these trends, the echinocandin cas-
pofungin (L-743,872, MK-0991, Cancidas; Merck&Co.,
USA) has been licensed for the treatment of refractory
aspergillosis and the primary treatment of candidal infec-
tions [12,17-24] and voriconazole (Vfend, Pfizer, UK) has
been recently licensed for the primary treatment of asper-
gillosis and other less common mould infections [25,26].
Pharmacokinetic data indicate that achievable serum levels
for caspofungin range from ≤1 to 10 µg/ml and for vori-
conazole from 2 to 6 µg/ml, depending upon the dosing
used [27,28]. In addition, two other echinocandins, anidu-
lafungin (Vicuron Pharmaceuticals, VER-002, V-echino-
candin, LY303366 [Lilly, USA]) and micafungin (FK463,
Fujisawa, Japan) and another triazole, posaconazole
(SCH56592, Schering, USA), are currently undergoing
phase III clinical trials. Anidulafungin has been effective
in the treatment of disseminated candidiasis in persistently
neutropenic rabbits [29] and aspergillosis caused by ampho-
tericin B-susceptible and -resistant Aspergillus fumigatus
in a temporarily neutropenic mouse model [30]. Plasma
peak concentrations were equal or exceeded the minimum
inhibitory concentration (MIC) or minimum fungicidal
concentration (MFC) for the infecting Candida albicans
isolate, e.g., 0.5 to 51 µg/ml for 0.1 to 20 mg/kg in healthy
rabbits [31]. Micafungin has shown antifungal activity in
the treatment of disseminated Candida tropicalis infection
in persistently neutropenic mice [32], azole-resistant 
C. albicans infections in mice [33] and for the treatment of
temporarily neutropenic mice infected with either an itra-
conazole-resistant A. fumigatus strain or an Aspergillus
terreus isolate [34]. On the other hand, in persistently neu-
tropenic rabbits micafungin has demonstrated significant
concentration-and dose-dependent clearance of C. albicans
in disseminated candidiasis, but rabbits treated with this
agent had no quantitative reduction in A. fumigatus growth
in the lung tissue [35]; however, prolonged survival was
similar to that achieved by liposomal amphotericin B. 

Several reviews have been published regarding the
efficacy, safety and pharmacokinetics of caspofungin and
other echinocandins [36-49], but none of these articles has
focused on the in vitro activities of these agents. This
paper summarizes and discusses the published data on the
in vitro antifungal activities of anidulafungin, micafungin
and posaconazole and the licensed agents with which they
have been compared, including caspofungin and vorico-
nazole.

Literature review. A careful search of entries in the
Medline database of the National Library of Medicine
revealed 60 publications containing original data on the
fungistatic and fungicidal activities of these new agents
alone or in combination with other agents. This review
summarizes only those fungistatic data that were obtained
in accordance with the National Committee for Clinical
Laboratory Standards (NCCLS) guidelines for antifungal
susceptibility testing of yeasts [50] and moulds [51] or by
modified versions. The reader is referred to references 
52-58 for data on the in vitro fungistatic activity obtained
by commercial and other procedures; in some instances 
the NCCLS data were compared to those obtained by 
the other methods. The reader is also referred to referen-
ces 59,60 for further information on in vitro results and
methods; to reference 61 regarding the evaluation of tes-
ting conditions for caspofungin versus Candida spp. and 
A. fumigatus and to reference 62 for further voriconazole
in vitro data.

Isolates. The results obtained with 12,052 fungal
isolates, 10,637 of which were yeasts and yeast-like orga-

nisms and 1,415 of which were moulds, are summarized in
tables 1 and 2. Most isolates were recovered from clinical
specimens; ATCC strains were evaluated in addition to the
clinical isolates in some studies [63-66]. The yeast and
yeast-like organisms included 19 Candida spp., 1 Trichos-
poron sp. (reported as Trichosporon asahii, Trichosporon
cutaneum, Trichosporon beigelii), and other species inclu-
ding Cryptococcus neoformans and Cryptococcus humi-
cola, Pichia anomala, Rhodotorula rubra and Saccha-
romyces cerevisiae. The moulds included 21 moniliaceous
species, six species of dimorphic fungi, five species belon-
ging to the class Zygomycetes, and 11 species of dematia-
ceous fungi. In addition, some isolates were reported only
as the genus, e.g., Aspergillus spp. When species names
were provided for these groups, they are found under the
footnote of each table.

NCCLS methods. In 1997, the NCCLS published 
an approved reference broth macrodilution method
(Approved Standard M27-A) and its microdilution modifi-
cations for the in vitro testing of the activities of five
agents against Candida spp. and C. neoformans [50]. This
was followed in 1998 by the publication of the Proposed
Standard M38-P document, which described both broth
macrodilution and microdilution methods for the suscepti-
bility testing of moulds. Both documents moved to the
next level of development in 2002 (M27-A2 and M38-A)
[50,51] to include MIC ranges for two quality control
yeast isolates by the microdilution method and the new
triazoles, voriconazole, posaconazole and ravuconazole.
Although optimal conditions were identified for determi-
ning the fungicidal activity of antifungal agents against
moulds [67,68], no standard guidelines have been esta-
blished by the NCCLS for either yeasts or moulds. Howe-
ver, the fungicidal activity of investigational and newly
licensed agents has been evaluated by non-standardized
MFC and kill-curve procedures. The relevance of fun-
gicidal results has only been reported for amphotericin B
in candidemia, trichosporonosis and in animal models for
aspergillosis [69]. The fungistatic susceptibilities of yeast
isolates to the various agents were determined by the
macrodilution method in three studies [70-72] and by 
the microdilution method in the other studies. Of the 15
articles that report MICs for moulds, four report macrodi-
lution data [71,73-75] and the others present microdilution
results. Only five studies evaluated both yeasts and moulds
[65,71,76-78]. 

Method modifications. Because the NCCLS docu-
ments do not describe testing conditions for the echino-
candins, a variety of inoculum sizes, media, temperatures
and incubation times as well as different criteria of MIC
determination have been used for evaluating the in vitro
susceptibilities of fungi to the echinocandins. Results have
been contradictory when MICs with the antibiotic medium
3 (M3) were compared to those obtained with the standard
RPMI-1640 broth (RPMI) for yeast testing. In two yeast
reports, the differences were not substantial (mostly one to
two dilutions) for caspofungin [72,79], anidulafungin [72]
and micafungin [80] MICs, while in one report, anidula-
fungin MICs with M3 were substantially lower than those
with RPMI (MICs90 or MICs50: 0.003-0.01 vs. 0.5-2 µg/ml)
for most Candida spp. and Saccharomyces cerevisiae [81];
the exception were results for Candida parapsilosis
(MICs90: 2 and 4 µg/ml with both media). In addition to
M3, other media were evaluated for testing the echinocan-
dins [65,72,80] for yeasts, including RPMI supplemented
with 2% dextrose [79,80,82,83], but no substantial diffe-
rences (mostly, one to two dilutions) were observed among
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MICs obtained with the different media. In one study [83],
MICs anidulafungin and caspofungin for Candida spp.
were higher with 2% dextrose RPMI than with standard
RPMI, while in another study [52], caspofungin MICs
were lower; however, the latter study followed the testing
guidelines of the EUCAST method. The criterion of MIC
determination was mostly 100% or “complete” growth
inhibition for yeasts, but some investigators also used the
50% or prominent [77,83] to 80% [84] growth inhibition.
Although anidulafungin and caspofungin 50% growth
inhibition MICs tended to be lower than 100% or “com-
plete” growth inhibition MICs, no substantial differences
were reported between the two MIC determination criteria,
with the exception of caspofungin MICs for Candida 
guilliermondii (Ranges: 0.5 to 8 µg/ml vs. >8 µg/ml) [77]. 

Since the NCCLS proposed M38 document was 
not available until 1998, several studies follow the M27
methodology to test mould isolates [64,65,71] or also
replaced the standard RPMI with M3 [85]. In the two 
studies that compared MICs for Aspergillus spp. [58,86]
and Fusarium spp. [86], M3 only slightly decreased most
caspofungin MICs or MECs (minimum effective concen-
trations). In five of the 16 mould reports, the 103 CFU/ml
inoculum [65,71,73,75,85] was used instead of the 104

CFU/ml density recommended in the NCCLS M38-A
mould document [51]. Since trailing is a common pheno-
menon when testing echinocandins against moulds, some
studies reported the MIC as well as the MEC [58,71,85-88],
where morphological alterations are the indicators of sus-
ceptibility (Figures 1a, 1b, and Figure 2). 

Tables 1 and 2 summarize the in vitro antifungal
data for each of the yeast and mould species evaluated and
list the references from which the data were obtained.
When results were provided by both standard and other
testing conditions, results displayed in these two tables 
are those obtained by standard conditions (NCCLS M27
and M38 documents). Fewer than five isolates were tested
for some yeast, yeast-like fungi and moulds. Breakpoints
are not available for the echinocandins or the new triazoles
versus MICs for any organism. Therefore, caution should
be used in the interpretation of these fungistatic and fun-
gicidal results until in vitro/in vivo correlation results
become available. However, reliable susceptibility profiles
are presented in tables 1 and 2 for species for which large
numbers of isolates have been investigated.

Fungistatic activity against yeasts and yeast-like
organisms. Caspofungin in vitro fungistatic activity
against most Candida spp. (MICs90 ≤2 µg/ml) was similar
or superior to those of amphotericin B, flucytosine and the
triazoles (Table 1). However, against Candida famata [89], 
C. guilliermondii [56,89], and C. parapsilosis [89,90],
caspofungin MICs90 or MICs50 >2 µg/ml were reported.
Anidulafungin MICs90 >2 µg/ml were also obtained for
some of these species [72,81,91-93] as well as for Candida
dubliniensis [91,94], Candida glabrata and Candida 
lusitaniae [72]. The high caspofungin MICs are consistent
with the caspofungin data obtained in clinical trials, where
five patients with C. parapsilosis infection had persistently
positive blood cultures as compared with three patients
infected with C. albicans [7,21]. Micafungin MICs90

>2 µg/ml were only obtained for C. parapsilosis [95];
however, fewer reports for this agent were found in the lite-
rature (Table 1) and in some reports, the antifungal in vitro
activity corresponded to 50% or the prominent growth
inhibition MICs [83,95]. In general, echinocandin MICs
were low for the less common or emerging Candida spp.
[55,66,70,78,81,83,93,96]. It is noteworthy that the three
echinocandins have good antifungal activity in vitro for
most isolates of Candida spp. that are either fluconazole-
or itraconazole-resistant [54,65,78,82,89,95-99] and am-
photericin B-resistant [99]; anidulafungin has also shown
activity to resistant Candida spp. by the EUCAST method
[53] (references 53 and 99 are not listed in Table 1). 
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Figure 2. Caspofungin and voriconazole Etest MICs for A. fumigatus.
Shown are the trailing growth seen when testing caspofungin against
Aspergillus spp. and other mould isolates (left etest strip) and the
voriconazole clear inhibition ellipse (right etest strip). However, both MICs
are < 1.0 mcg/ml [58].

Figure 1a. Visual MECs. Shown are the microscopic microcolonies 
(wells 6-1) that represent trailing growth above the MIC endpoint in contrast
to the normal growth seen in the control wells (#12) and lower caspofungin
concentrations; caspofungin MICs for these eight isolates of Aspergillus
spp. are <1.0 µg/ml.

Figure 1b. Microscopic MEC. Shown are the hyphal alterations caused by
caspofungin for an isolate of A. fumigatus [58].



Although voriconazole and posaconazole MIC ran-
ges included high MICs (>8 µg/ml) for C. albicans and
some emerging Candida spp., MICs90 >2 µg/ml were only
reported for C. glabrata and C. tropicalis (Table 1). Resis-
tance to itraconazole (MICs >1.0 µg/ml) was found in most
of the yeast or yeast-like species; the exceptions were some
of the emerging or less common yeast or yeast-like species
and both Cryptococcus spp. (Table 1). Similar results were
reported with fluconazole. Posaconazole also exhibited
good in vitro fungistatic activity against C. neoformans
and Trichosporon spp. [77], while the three echinocandins
did not exhibit antifungal activity against these species
(Table 1). Anidulafungin MICs of 32 µg/ml were docu-
mented for Rhodotorula rubra [93].

Caspofungin [100,101] and micafungin [101] also
have activity against Candida spp. biofilms in vitro
(results not shown in Table 1) that was similar to that 
of liposomal amphotericin B and amphotericin B lipid 
complex, while Candida spp. biofilms were resistant to
voriconazole, amphotericin B and fluconazole [101].

Although standard conditions are not available for
the echinocandins and the majority of published data for
yeasts have been obtained with the 100% growth inhibition
criterion, recent studies suggest that the most reliable tes-
ting conditions appear to be ~50% growth inhibition MICs
obtained after 24 h of incubation with the standard RPMI.
Further studies are needed to evaluate the reproducibility
of these testing conditions as well as their clinical utility.

Fungistatic activity against moniliaceous fungi.
The isolates from the moniliaceous fungi comprised the
clinically important pathogens Aspergillus spp. and Fusa-
rium spp., the dimorphic fungi and few isolates of other
mould species. Although caspofungin MICs >8 µg/ml
were reported for Aspergillus fumigatus and Aspergillus
flavus, MECs90 were lower (0.06 to 0.5 µg/ml) than the
MICs90 of amphotericin B (1.0 to 4 µg/ml) and itraconazole
(0.06 to 4 µg/ml), and similar to those of voriconazole
(0.06 to 1.0 µg/ml) and posaconazole (0.5 µg/ml). In ge-
neral, anidulafungin and micafungin results were lower
than caspofungin MICs and MECs; MECs were not deter-
mined for micafungin in any of the reported studies.
However, as for the yeasts, less anidulafungin and (even
less) micafungin data are available. MICs of the echino-
candins were usually ≤2 µg/ml for most of the other spe-
cies of Aspergillus evaluated; the exceptions were caspo-
fungin data for Aspergillus nidulans (0.25-4 µg/ml) and
anidulafungin for Aspergillus glaucus (≤0.03->8 µg/ml).
Cross-resistance was not observed between the echinocan-
dins and the other agents, probably because the echino-
candins have different action mechanisms than those of
amphotericin B and the triazoles. In addition, the data 
suggest that the more stable caspofungin MEC endpoint
[58,86-88] provides data that better reflect the efficacy of
caspofungin in the treatment of aspergillosis [22-24]. 

Voriconazole and posaconazole fungistatic activity
against Fusarium spp. were variable and species depen-
dent; MICs ranging from 0.25 to >8 µg/ ml were reported
against non-solani Fusarium spp. [77,87] and posacona-
zole MICs >8 µg/ml for F. solani [77]. For Fusarium spp.
as a group, the echinocandins did not show fungistatic
activity, even when MEC values were determined for cas-
pofungin [86,87] (Table 2). Voriconazole has been licensed
for salvage treatment of fusariosis [26] and posaconazole
could have an important role in the treatment of these
infections; however, the mortality rate due to disseminated
fusariosis continues to be high. Itraconazole had less in
vitro activity against Fusarium spp. than that of the other
triazoles and amphotericin B. 

Only two Acremonium isolates were tested [77,102].
The results suggest, however, that the susceptibility of this
genus to anidulafungin is species dependent. On the other
hand, caspofungin MICs for both Acremonium isolates and
posaconazole MICs for Acremonium strictum were below
1.0 µg/ml. Less than 10 isolates each of Paecilomyces
spp. and Trichoderma spp. were evaluated. Caspofungin
had good fungistatic activity against Paecilomyces variotii
and Trichoderma spp., and little activity for Paecilomyces
lilacinus. In contrast, micafungin had excellent activity
against these two species (Table 2). High MICs were also
reported for amphotericin B against the latter species [78]
and lower posaconazole MICs than those of the other triazo-
les for the six isolates grouped as Paecilomyces spp. [87].
Excellent to good fungistatic activity was also reported 
for micafungin and itraconazole against Penicillium spp.
(78, only one isolate per species), while caspofungin acti-
vity appears to be species dependent (MEC range: 0.01 to
>8 µg/ml) [87].

Fungistatic activity against dimorphic fungi. Most
studies that evaluated activity against the dimorphic fungi
[63,71,74,77,78] tested the mould rather than the parasitic
yeast phase, but one study evaluated both phases with
micafungin [63]. Caspofungin and anidulafungin had little
or no activity (MICs90 or GMICs: 1.3 to >8 µg/ml) [71,77]
against the dimorphic fungi evaluated. However, mica-
fungin activity was excellent against most mycelial forms
of the dimorphic fungi (MIC range: ≤0.01-2 µg/ml), 
but MICs ranged from 4 to >8 µg/ml for both forms of
Paracoccidioides brasiliensis [63]. When evaluated, itra-
conazole and posaconazole had excellent fungistatic acti-
vity against five of the six species of dimorphic fungi tes-
ted (MIC range: ≤0.01 to 0.12 µg/ml) [63,77,78], but less
activity against Sporothrix schenckii (MIC range: 0.12 to 2
µg/ml) [63,77]. Amphotericin B showed in vitro activity
that was similar or superior to that of the echinocandins, and
fluconazole fungistatic activity was similar or lower than
those of the other agents for this group of fungi (Table 2). 

Fungistatic activity against Zygomycetes species.
Although the in vitro activity of licensed and new agents
against species of the Zygomycetes class was also evalua-
ted with a small number of isolates, only amphotericin B
had good fungistatic activity against the representatives of
this group that were tested. The echinocandin MICs were
>8 µg/ml, whereas those of itraconazole, posaconazole and
voriconazole (when tested) appear to be more species
dependent: 0.03 to >8 µg/ml MIC ranges (Table 2).

Fungistatic activity against the dematiaceous fungi.
The fungistatic activity of the echinocandins was variable
and species dependent. Caspofungin and anidulafungin had
lower activity (MICs 1.0 to ≤8 µg/ml) than micafungin
(MICs ≤0.12 to 0.5 µg/ml) for Cladophialophora bantiana
and Scedosporium prolificans, while caspofungin had bet-
ter activity than micafungin against Fonsecaea pedrosoi.
Caspofungin and anidulafungin exhibited similar activity
(0.25≥8 µg/ml) against Bipolaris spp., Phialophora spp.,
and Scedosporium spp. Low voriconazole fungistatic
effect was demonstrated for the one isolate of S. prolificans
investigated with this agent (8 µg/ml); voriconazole MICs
reported elsewhere have ranged from 0.5 to >8 µg/ml [62].
Amphotericin B had lower activity (MICs 1.0 to 8 µg/ml)
against both Scedosporium spp. as previously reported
[62]. Itraconazole and posaconazole showed excellent in
vitro activity (MICs ≤1.0 µg/ml) against nine of the 11
species of dematiaceous fungi for which one or both
agents were tested against (Table 2). Again, fewer than
five isolates were evaluated for most of these species. 
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Fungicidal activity against yeasts. The fungicidal
activities of the echinocandins and the new triazoles have
been investigated by MFC methods (Table 1) and time-kill
curves. Wide MFC ranges (≤0.01-≥8 µg/ml) were reported
for C. albicans, C. guilliermondii, C. parapsilosis (three
echinocandins), C. tropicalis (caspofungin and micafun-
gin), C. glabrata, C. kefyr, and C. lusitaniae (caspofungin).
However, better fungicidal activities (MFCs ≤2 µg/ml)
were observed for C. krusei (three echinocandins), C. 
lusitaniae, C. tropicalis (anidulafungin) and C. glabrata
(anidulafungin and micafungin). In general, when fungi-
cidal MFC data were obtained with the triazoles, MFC
results were high, as expected, but low itraconazole MFCs
(MFCs90 ≤0.5 µg/ml) were reported for most of the com-
mon Candida spp. [65,103] (Table 1).

Standard parameters are not available for perfor-
ming time-kill assays, but several studies have obtained
such results by non-standardized procedures [84,104-110].
The fungicidal activity of anidulafungin has been corro-
borated by time-kill curves for C. albicans, other common
Candida spp. [108] and S. cerevisiae [106]. However, 
the killing activity of anidulafungin has been drug dose
independent [107], but medium and strain dependent
[105,109]. M3 medium has a beneficial effect in the fun-
gicidal activity (rate and concentration) of anidulafungin
against Candida spp., e.g., fungicidal activity was demons-
trated for six isolates with M3 and for only three isolates
when tested in standard RPMI [109]. It was also demons-
trated in two studies that anidulafungin MFC results corre-
late better with 80% than with 100% growth inhibition
MICs [105,108]. 

Caspofungin fungicidal activity against C. albicans
biofilms [110] was superior to that of amphotericin B,
where the former agent’s ≥99% killing (0.12 to 1.0 µg/ml,
after 24 and 48 h, respectively) was at physiologic con-
centrations achievable in humans, but killing with ampho-
tericin B was not at therapeutic concentrations. Micafun-
gin killing activity was 4 to 16 times the 80% growth
inhibition MIC for 7 of 10 Candida spp. isolates [84] and
had superior activity to that of amphotericin B for one iso-
late of C. albicans. 

Fungicidal activity against moniliaceous fungi.
Several studies compared the fungicidal activities of mica-
fungin and anidulafungin with those of itraconazole and
amphotericin B for A. fumigatus [65,85], as well as caspo-
fungin and anidulafungin with those of posaconazole
against some moulds [77] (MFC results for moulds not
shown in Table 2). The fungicidal activities of itraconazole
and amphotericin B were superior (0.25 to 4 µg/ml) to that
of the three echinocandins (MFCs ≥8 µg/ml) for all
moulds tested in these two studies [65,77], but in another
study anidulafungin MFCs ranged from <0.01 to >5 µg/ml
for 60 Aspergillus isolates using M3 medium [85]. Posa-
conazole MFCs ranged from 0.06 to >8 µg/ml. One study
investigated the fungicidal activity of caspofungin by time
kill procedures for A. fumigatus; although there was no
reduction in the number of cells from the killing-curve
measurements [76], lysis of the hyphal tips has been repor-
ted [111]. Fungicidal activity has not been reported with
the echinocandins against other moulds.

Synergistic studies. The outcome of therapy in cli-
nical trials of voriconazole and caspofungin and the refrac-
tory nature of most mould infections to established agents
indicate that ≥50% of these infections do not respond to
antifungal therapy [9,23-26,112-114]. With the develop-
ment of the echinocandins that have a different mechanism
of action (cell-wall based) than those of amphotericin B

and the triazoles, the investigation of synergy has been
underscored [115]. Because of that, combination therapy
has been proposed and used especially for infections caused
by Scedosporium spp., Fusarium spp., and non-fumigatus
Aspergillus [112]. Although standard guidelines are not
available for either combination therapy or to study the in
vitro synergistic activities, synergistic data have been
documented with the new agents (results not shown in
Tables 1 and 2). In vitro, caspofungin and amphotericin B
had an additive (or indifferent) effect against C. albicans
biofilms [116] as well as a positive interaction against
azole-resistant isolates of C. albicans [117], but flucona-
zole inhibited the activity of caspofungin [116]. In vivo,
the combination of caspofungin and fluconazole did not
show any additive or antagonistic effect in murine candi-
diasis [118]. Caspofungin was synergistic to additive in
vitro in combination with amphotericin B [119], itraconazo-
le [120,121], voriconazole [122], and posaconazole [121]
against Aspergillus spp. [119-122] and Fusarium spp. [119].
In a guinea pig model of invasive aspergillosis, the combi-
nation of voriconazole and caspofungin reduced fungal
burden to a higher extent than when either agent was
administered alone [123]; an immunocompetent child with
a S. prolificans osteomyelitis infection was successfully
treated with a combination of caspofungin and voricona-
zole [75]. However, this patient also had debridement 
and local irrigation with polyhexamethylene biguanide. 
In contrast, lack of interaction between caspofungin in
combination with either voriconazole or ravuconazole for
A. fumigatus has also been reported [121]. In patients, 
caspofungin in combination with either itraconazole [124]
or liposomal amphotericin B [22,125] has been success-
fully (improvement shown) used for the primary or salvage
treatment of invasive aspergillosis. In addition, anidula-
fungin and the chitin inhibitor, nikkomycin Z, have shown
synergistic activity for some fungi [126]. In vitro/in vivo
studies should clarify the role of combined therapy and the
utility of in vitro synergistic results in patient manage-
ment, but standardization of in vitro testing is needed to
obtain reliable results.

Resistance mechanisms. Although the mechanisms
of azole resistance among yeasts and Aspergillus spp. have
been extensively researched [69,112,114], little informa-
tion is available regarding the resistance mechanisms of
the echinocandins. Resistance to the echinocandins may be
related to mutations in the FKS1 and FKS2 genes that code
the synthesis of glucan synthase proteins [127]. By an agar
plate resistance assay, it was demonstrated that isolates of
C. albicans with azole cross-resistance also have elevated
caspofungin MICs and high levels of CDR1 and CDR2
expression [128]. It was then concluded that this overex-
pression might contribute to clinical resistance. An earlier
publication had reported contradictory results, where the
investigators concluded that caspofungin is not a substrate
for multidrug transporters [129]. The mechanism of resis-
tance in C. neoformans to the echinocandins has not been
elucidated. Since both 1,3 - and 1,6-D-glucan linkages are
present in C. neoformans, it has been concluded that an
additional mechanism of action is responsible for the
potent antifungal activities of the echinocandin agents
against Candida spp. and Aspergillus spp. [130]. Further
studies should investigate the mechanisms of resistance of
the echinocandins.

Summary and conclusions. Echinocandin MICs are
high for certain yeast and yeast-like isolates, but cross
reaction is uncommon with the triazoles or amphotericin
B. However, in vitro cross reactions of posaconazole and
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Candida albicans 2394 Anidulafungin <0.01->8 0.01-0.5 0.03-4 66,71,72,77,81-83,91-93,98
4265 Caspofungin <0.01->8 0.12-1.0 0.12->8 52,54-56,70,72,77,83,89,90,96,98
966 Micafungin ≤0.01-0.5 0.01-0.25 ≤0.01-4 65,78,80,83,84,95,103

2453 Amphotericin B ≤0.03-2 0.25-1.0 0.06-2 54,65,66,71,76,80,81,82,
83,92,93,95,96,98,103

5292 Fluconazole ≤0.12->64 0.25-≥64 ≥64 54,65,66,70,71,72,76,78,80,83,89
93,95,96,98,103

4963 Itraconazole ≤0.01-≥8 ≤0.03-4 1.0->81 54,65,78,81-83,89,93,95,96,98,103
1293 Voriconazole <0.01->8 0.01-0.5 NR 52,80,82,83,90,92,95
928 Posaconazole <0.01->8 0.01-1.0 NR 77,83,90,95

2129 Flucytosine ≤0.06->64 0.5-4 NR 71,78,80-83,92,93,95,96,98

Candida dubliniensis 92 Anidulafungin 0.12-8 0.06-4 NR 83,91,94
177 Caspofungin 0.01-1.0 0.5 NR 83,89,97
40 Micafungin ≤0.06-1.0 0.03-0.5 NR 78,80,83

147 Amphotericin B 0.12-1.0 0.12-1.0 NR 78,80,83,94,97
273 Fluconazole ≤0.12->64 0.5->64 NR 78,80,83,89,91,94,97
252 Itraconazole 0.01->8 0.06->8 NR 78,83,89,91,94,97
146 Voriconazole <0.01-0.5 0.03-0.12 NR 80,83,94,97
125 Posaconazole 0.01-1.0 0.06-0.5 NR 83,94,97
235 Flucytosine ≤0.03-0.12 ≤0.03-0.12 NR 78,80,83,89,97

Candida famata 11 Anidulafungin 0.01->16 8 NR 66,91
13 Caspofungin 0.06->8 (0.5-4) 1.0->8 70,89
1 Amphotericin B 1.0 NR NR 66

24 Fluconazole 0.12-64 (2) 16 >64 66,70,89,91
19 Itraconazole 0.03->8 (0.25) 1.0 NR 89,91

Candida glabrata 993 Anidulafungin <0.01-8 0.03-8 0.12-2 66,71,72,77,81-83,91-93,98
1289 Caspofungin <0.01->8 0.25-1.0 0.5->8 52,54-56,70,72,76,77,83,90,96-98
524 Micafungin ≤0.01->8 0.01-0.5 ≤0.01-0.03 65,78,83,84,95,103

1072 Amphotericin B ≤0.03-2 0.25-2 0.061-2 54,65,66,71,76,78,81-83
92,93,95,96,98,103

1629 Fluconazole ≤0.12-≥64 (4) 8-≥64 41->64 54,65,66,70-72,78,81-83,
89-93,95,96,98,103

1584 Itraconazole ≤0.01->8 1.0-≥8 0.51->8 54,65,78,81-83,89-93,95,96,98,103,
558 Voriconazole ≤0.03-4 0.01-4 NR 52,82,83,90,92,95
515 Posaconazole 0.03-4 1.0-4 NR 77,83,90,95
981 Flucytosine ≤0.06-16 0.06-2 NR 66,71,81-83,92.93,95,96,98

Candida guilliermondii 27 Anidulafungin 0.06-4 (1.0-4) 4-8 77,81,83
158 Caspofungin 0.12->8 (0.5-2) 1.0->8 0.25->8 52,56,70,76,77,83,89,96
24 Micafungin 0.03-2 (0.5-2) 2 1->81 65,78,83
58 Amphotericin B 0.03-1.0 (0.06) 0.25-0.5 0.12-2 65,76,78,81,83,96

117 Fluconazole 0.25->64 (4) 0.5-16 >641 65,70,78,81,83,89,96
113 Itraconazole 0.03->8 (025-0.5) 1.0 >81 65,78,81,83,89,96
13 Voriconazole 0.03-0.12 (0.06-0.12) NR 52,83
17 Posaconazole ≤0.03-0.25 (0.06-0.25) NR 77,83
26 Flucytosine 0.06-8 (≤0.12-4) NR 78,81,83,96

Candida inconspicua 4 Caspofungin ≤0.01 (≤ 0.19) 1.0 70
1 Micafungin 0.03 NR NR 78
1 Amphotericin B 0.25 NR NR 78
5 Fluconazole 8-32 (14.9) >64 70,78
1 Itraconazole 0.5 NR NR 78
1 Flucytosine 8 NR NR 78

Candida kefyr 21 Anidulafungin 0.03-0.5 (0.06) 0.5 NR 66,83,93
27 Caspofungin 0.06-1.0 (≤0.25-0.5) 0.25-4 70,83,96
4 Micafungin 0.06-0.5 (0.06) NR 83

46 Amphotericin B 0.12-2 (0.25-0.5) 1.0 NR 66,76,83,93,96
30 Fluconazole 0.12-2 (≤0.25-1.0) 1.0 4->64 66,70,83,93,96
12 Itraconazole 0.03-0.5 (0.12-0.25) NR 83,93,96
12 Flucytosine 0.06-0.12 (0.08-0.12) NR 83,93,96
4 Voriconazole NR (0.03) NR 83
4 Posaconazole 0.06-0.25 (0.06) NR 83
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Table 1. In vitro activities of anidulafungin, micafungin, caspofungin, new triazoles and established agents against 10,637 yeast and yeast-like species.

No. Antifungal MIC range MIC90 MFC rangeFungus Isolates Agent (µg/ml) (MIC50 or G) (µg/ml) References
(µg/ml)

voriconazole with itraconazole and amphotericin B have
been reported for some moniliaceous or dematiaceous fun-
gal isolates, but it is not frequent. In normal volunteers,
peak plasma concentrations of caspofungin are above
MICs/MECs for some isolates of the most common patho-
gens, Candida and Aspergillus species. Although the lite-
rature reports that the echinocandins have good fungistatic
and fungicidal activity against a variety of yeasts, they do
not exhibit fungistatic activity against C. neoformas and
Trichosporon spp. and a variety of mould species. Howe-

ver, caution should be used in interpreting these results
until in vitro versus in vivo correlations become available.
Both voriconazole and caspofungin have been licensed for
the systemic treatment of certain fungal infections; posa-
conazole, anidulafungin and micafungin could also have
an important role in the treatment of severe fungal infec-
tions. Their alternative use alone or in combination with
other agents may reduce the high mortality rate of fungal
diseases, despite therapy with amphotericin B, its lipid 
zformulations or other licensed agents.



Candida krusei 207 Anidulafungin <0.01-8 0.03-1.0 0.06-1.0 66,72,77,81-83,91-93,98
221 Caspofungin 0.12->4 0.5-2 0.5-2 52,55,56,70,72,76,77,83,89,96,98
82 Micafungin 0.06-4 0.12-0.25 0.12-0.25 65,78,83,84,95,103

216 Amphotericin B 0.06-2 0.5-2 0.25-2 65,66,76,78,81,83,91,93,95,98,103
304 Fluconazole 0.25-≥64 16-≥64 ≥64 65,70,72,78,81-83,89,

92,93,95,96,98,103
260 Itraconazole 0.03->8 0.5>8 0.5-8 65,81-83,89,91-93,95,96,98,103
87 Voriconazole ≤0.03-0.5 0.25-1.0 NR 52,82,83,92,95
71 Posaconazole 0.031 0.5-1.0 NR 77,83,95

151 Flucytosine 0.5-64 16-64 NR 52,78,81-83,92,93,96,98

Candida lambica 1 Micafungin 0.03 NR NR 78
1 Amphotericin B 0.03 NR NR 78
1 Fluconazole >64 NR NR 78
1 Itraconazole 0.25 NR NR 78
1 Flucytosine 4 NR NR 78

Candida lipolytica 2 Anidulafungin 0.12-0.5 (0.5) NR 83
7 Caspofungin 0.5-2 (0.46-2) 0.5-2 55,70,83
2 Micafungin 0.12-0.5 (0.5) NR 83
2 Amphotericin B 1.0 NR NR 83
6 Fluconazole 1.0-16 (2.6-16) >64 70,83
2 Itraconazole 0.06-2 (2) NR 83
2 Voriconazole 0.030.06 (0.06) NR 83
2 Posaconazole 0.03-0.25 (0.25) NR 83
2 Flucytosine 2-4 (4) NR 83

Candida lusitaniae 81 Anidulafungin 0.03-≥8 0.12->8 1.0-2 72,77,81,83,91,93
114 Caspofungin 0.12-4 (2.6) 0.5-2 0.06-4 52,55,56,70,72,76,77,83,89,96
23 Micafungin 0.03-0.061 (0.06)1 21 NR 78,83
70 Amphotericin B ≤0.5-4 ≤0.5-2 0.5-4 76,78,81,83,93,96

107 Fluconazole 0.12-16 <0.25-4 32->641 70,72,78,81,83,89,91,93,96
91 Itraconazole <0.01-2 ≤0.12-0.25 NR 65,81,83,89,91,93,96
27 Voriconazole <0.01-0.03 (0.01) 0.06 NR 52,83
32 Posaconazole <0.03-0.25 0.06-0.12 NR 77,83
50 Flucytosine ≤0.03->64 0.06->64 NR 78,81,83,93,96

Candida parapsilosis 231 Anidulafungin 0.01->8 (1.0)2->8 1.0-4 66,71,72,77,81-83,91,93,98
1034 Caspofungin 0.03-≥8 (0.25)1-4 0.25->8 52,54-56,70,72,76,77,

83,89,90,93,98
439 Micafungin 0.03->8 1.0->8 0.5->8 65,78,83,95,103
641 Amphotericin B 0.12-2 (0.12) 0.5-2 0.12-4 54,65,66,71,76,81-83,

92,93,95,96,98,103
1103 Fluconazole ≤0.12-64 (0.5-2) 0.12-8 0.121->64 54,65,66,70-72,78,81-83,

89-93,95,96,98,103
1069 Itraconazole 0.01-2 ≤0.12-0.5 0.03->8 54,65,78,81-83,89,93,95,96,98,103
506 Voriconazole <0.01-0.5 ≤0.03-0.06 NR 52,82,83,90,92,95
455 Posaconazole 0.01-0.5 0.12-0.5 77,83,90,95
564 Flucytosine ≤0.03->64 012-1.0 NR 66,71,81-83,92,93,95,96,98

Candida pelliculosa 4 Caspofungin <0.25-0.5 (0.22) 0.5-8 70
4 Fluconazole 2-16 (2.62) >64 70

Candida rugosa 14 Anidulafungin 0.03-4 (1.0-4) NR 81,83
7 Caspofungin 1.0-2 (2) NR 78
7 Micafungin 0.03->8 (0.06) NR 78

14 Amphotericin B 0.03-1.0 (0.12-1.0) NR 81,83
14 Fluconazole 1.0->8 (4-1.0) NR 81,83
14 Itraconazole 0.03-1.0 (0.03-0.06) NR 81,83
14 Flucytosine 0.12-1.0 (0.25-0.5) NR 81,83

Candida sphaerica 1 Anidulafungin 0.12 NR NR 83
1 Caspofungin 2 NR NR 83
1 Micafungin 0.25 NR NR 83
1 Amphotericin B 0.12 NR NR 83
1 Itraconazole 0.12 NR NR 83
1 Voriconazole 0.03 NR NR 83
1 Posaconazole 0.12 NR NR 83
1 Flucytosine 0.12 NR NR 83

Candida stellatoidea 10 Anidulafungin 0.12-0.5 (0.5) NR 81
10 Amphotericin B 0.25-1.0 (0.5) NR 81
10 Fluconazole 0.25-0.5 (0.5) NR 81
10 Itraconazole 0.01-0.12 (0.03) NR 81
10 Flucytosine 0.06-0.5 (0.5) NR 81

Candida tropicalis 548 Anidulafungin 0.03-32 0.06-2 0.12-1.0 66,71,72,77,81-83,91-93,98
811 Caspofungin 0.03->8 0.12-1.0 0.25-4 52,54-56,70,72,76,77,83,

89,90,96,98
364 Micafungin <0.01->8 (0.12) 0.03-2 0.01->8 65,78,83,84,95,103
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Candida tropicalis 601 Amphotericin B ≤0.03-2 0.12-2 0.031-2 54,65,66,76,78,81-83,
92,95,96,98,103

922 Fluconazole ≤0.12-≥64 (0.39-2) 1.0-≥64 0.251->64 54,65,66,70-72,78,81-84,
89-93,95,96,98,103

888 Itraconazole 0.01-≥8 0.12->8 0.06->8 54,65,78,81-83,89,93,95,96,98,103
394 Voriconazole ≤0.03->8 0.12-4 NR 52,82,83,90,92,95
350 Posaconazole 0.01-≥8 0.25-≥8 NR 77,83,90,95
523 Flucytosine ≤0.03->64 0.25-64 NR 71,78,81-83,92,93,95,96,98

Candida utilis 1 Micafungin <0.01 NR NR 78
1 Amphotericin B 0.5 NR NR 78
1 Fluconazole 4 NR NR 78
1 Itraconazole 0.25 NR NR 78
1 Flucytosine 0.12 NR NR 78

Candida zeylanoides 1 Micafungin <0.01 NR NR 78
1 Amphotericin B 0.5 NR NR 78
1 Fluconazole 4 NR NR 78
1 Itraconazole 0.25 NR NR 78
1 Flucytosine 0.12 NR NR 78

Candida spp.A 11 Anidulafungin ≤0.03->8 (0.12-1.0) NR 92,98
44 Caspofungin 0.03->8 (0.12-1.0) 1.0->8 NR 52,89,90,98
11 Amphotericin B 0.06-2 (0.12-1.0) NR 92,98
43 Fluconazole 0.12->64 2-64 NR 89,90,92,98
43 Itraconazole 0.06->8 1.0-2 NR 89,90,92,98
24 Voriconazole 0.01-4 (0.06-0.12) 0.5 NR 52,90,98
13 Posaconazole 0.12->8 1.0 NR 90
11 Flucytosine 0.06-2 (≤0.12-0.5) NR 92,98

Cryptococcus neoformans 40 Anidulafungin >8 >8 NR 71,72,77
46 Caspofungin >8 >8 ≥81 55,72,76,77
23 Micafungin >8 >8 NR 65,71,78
42 Amphotericin B <0.12-1.0 0.25-0.5 0.12-0.5 65,71,76,78
38 Fluconazole 0.25-32 1.0-8 NR 65,66,71,72
8 Itraconazole 0.01-0.5 0.5 NR 65,78

10 Posaconazole 0.25-0.5 0.25 0.25-0.5 77
18 Flucytosine <0.03-64 8 NR 71,78

Cryptoccocus humicola 3 Micafungin >8 NR NR 78
3 Amphotericin 0.12 NR NR 78
3 Fluconazole 32 NR NR 78
3 Itraconazole 0.12 NR NR 78
3 Flucytosine 16 NR NR 78

Pichia anomala 3 Micafungin 0.01-0.03 NR NR 78
3 Amphotericin 0.5-1.0 NR NR 78
3 Fluconazole 8-16 NR NR 78
3 Itraconazole 1.0 NR NR 78
3 Flucytosine 0.12-64 NR NR 78

Rhodotorula rubra 4 Anidulafungin >8 NR NR 93
4 Amphotericin B 0.5-1.0 NR NR 93
4 Fluconazole 0.12->64 NR NR 93
4 Itraconazole 0.25-05 NR NR 93
4 Flucytosine <0.12-0.25 NR NR 93

Saccharomyces cerevisiae 46 Anidulafungin 0.25-2 1.0-2 NR 81,93
10 Caspofungin 1.0 (1.0 -2) NR 52,55
2 Micafungin 0.12 NR NR 78

48 Amphotericin B 0.12-1.0 1.0 NR 78,81,93
48 Fluconazole ≤0.12-16 2-16 NR 78,81,93
48 Itraconazole ≤0.03-4 0.5-2 NR 78,81,93
9 Voriconazole 0.03-0.25 (0.12) NR 52

48 Flucytosine ≤0.06-0.5 0.12-0.25 NR 78,81,93

Trichosporon spp.B 8 Anidulafungin >8 >8 NR 66,77
5 Caspofungin >8 >8 NR 77
8 Micafungin >8 >8 NR 65,78

11 Amphotericin B 0.5->8 (1.0)>8 NR 65,66,78
11 Fluconazole 2-16 (2)16 NR 65,66,78
8 Itraconazole 0.5-1.0 0.5 NR 65,78
5 Posaconazole 0.12-1.0 1.0g NR 77
3 Flucytosine ≥64 NR NR 78

Geometric mean (G) or MIC50= Values within parenthesis.
A= Species listed (reference)= Candida dubliniensis (52); C. famata (52,90,92,98); C. guilliermondii (92,98); C. humicola (89); C. inconspicua (52,90); C. kefyr (52,89); C. lambica (89);
C. lipolytica (89); C. norvegensis (52); C pelliculosa (89); C. rugosa (89,98); C. zeylanoides (89)
B=Repported as T. asahii, T. cutaneum and T. beigelii.
1 Data from only one study
NR= Not reported
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Moniliaceous moulds
Acremonium sp. 1 Anidulafungin 0.5 NR NA 102

1 Caspofungin 0.03 NR NA 102
1 Amphotericin B 2 NR NA 102
1 Itraconazole 1.0 NR NA 102

Acremonium strictum 1 Anidulafungin >8 NR NA 77
1 Caspofungin 0.5 NR NA 77
1 Posaconazole 0.06 NR NA 77

Aspergillus clavatus 1 Micafungin ≤0.01 NR NA 78
1 Amphotericin B 0.5 NR NA 78
1 Itraconazole 0.06 NR NA 78

Aspergillus flavus 53 Anidulafungin ≤0.03-0.12 ≤0.01->0.5 ≤0.03 (0.08)/1.0 71,77,85,88,102
127 Caspofungin 0.03->8 0.01-2 (4) 0.12-0.5/(0.3)0.06-0.5 58,73,77,86-88,102
18 Micafungin ≤0.01 NR 0.01/NR 64,65,78

112 Amphotericin B 0.06->8 0.5-1.0 1.0-4/NR 58,64,65,71,78,85,87,88,102
107 Itraconazole ≤0.03-8 0.06-0.251 0.06-4/NR 58,64,65,78,85,87,88,102

59 Voriconazole ≤0.03-1.0 NR 0.06-1.0/ NR 87,88
41 Posaconazole 0.03-1.0 NR (0.1) 0.5/ NR 77,87

Aspergillus fumigatus 94 Anidulafungin <0.01-0.12[>8]1 ≤0.011 (≤0.03)0.06/<0.01 71,77,85,88,102
480 Caspofungin 0.03->8 <0.01->8 (>8) 10.12-0.5/0.06-0.5 58,73,77,86-88,102
35 Micafungin ≤0.01-.03 NR ≤0.01/NR 64,65,78

509 Amphotericin B 0.06->8 0.06-0.251 1.0-2/NR 58,64,65,71,78,85,86,88,102
503 Itraconazole ≤0.03->8 0.12-0.251 0.12-2/ NR 58,64,65,78,85,86,88,102
284 Voriconazole ≤0.03-4 NR 0.12-0.5/NR 87,88
269 Posaconazole <0.03-2 NR (0.13)0.5/NR 77,87

Aspergillus glaucus group 11 Anidulafungin ≤0.03->81 ≤0.01 (≤0.03)/NR 71,88
8 Caspofungin NR ≤0.03-0.12 NR/0.12 88

11 Amphotericin B 0.06-2 NR 1.0/NR 71,88
8 Itraconazole ≤0.03-0.25 NR 0.25/NR 88
8 Voriconazole 0.06-0.12 NR 0.06/NR 88

Aspergillus japonicus 1 Micafungin ≤0.01 NR NA 78
1 Amphotericin B 0.5 NR NA 78
1 Itraconazole 0.12 NR NA 78

Aspergillus nidulans 1 Anidulafungin NR <0.01 NA 85
16 Caspofungin 0.25-4 0.25-2 (0.63)0.5/0.5 58,86
3 Micafungin ≤0.01 NR NR 64,65,78

17 Amphotericin B 0.25-4 NR 2/NR 58,64,65,78,85
17 Itraconazole 0.06-0.25 NR 0.251/NR 58,64,65,78,85

Aspergillus niger 21 Anidulafungin ≤0.03-0.06 ≤0.011 ≤0.03/<0.01 71,85,88
68 Caspofungin 0.12-2 0.01-1.0 0.5/(0.42)0.06-0.25 58,86-88
20 Micafungin ≤0.01 NR <0.01/NR 64,65,78
83 Amphotericin B 0.06-1.0 0.03-0.12 0.5-1.0/NR 58,64,65,78,85,87,88
79 Itraconazole ≤0.03->8 0.12-0.5 0.25-8/NR 58,64,65,78,85,87,88
38 Voriconazole ≤0.03-4 NR 0.12-2/NR 87,88
29 Posaconazole 0.25-1.0 NR 1.0/NR 87

Aspergillus oryzae 1 Micafungin <0.01 NR NA 78
1 Amphotericin B 0.5 NR NA 78
1 Itraconazole 0.5 NR NA 78

Aspergillus terreus 10 Anidulafungin <0.03 <0.011 NR/<0.01 77,85
42 Caspofungin 0.25-0.5 <0.01-0.5 0.5/0.06-0.5 58,77,86,87
12 Micafungin ≤0.01 NR <0.01/NR 64,65,78
51 Amphotericin B 0.06-8 0.06-1.01 0.5-8/NR 58,64,65,78,85,87
51 Itraconazole ≤0.01-1.0 0.03-0.51 0.12-0.5/NR 58,64,65,78,85,87
16 Voriconazole 0.06-1.0 NR 1.0/NR 87
18 Posaconazole <0.03-0.5 NR 1.0/NR 77,87

Aspergillus versicolor 2 Anidulafungin NR <0.01 NR 71
20 Caspofungin NR 0.01-4 NR/0.12 87
3 Micafungin ≤0.01 NR NR 64,65,78

25 Amphotericin B 0.25-2 NR 2/NR 64,65,71,78,87
23 Itraconazole 0.06-2 NR 2/NR 64,65,78,87
20 Voriconazole 0.06-2 NR 1.0/NR 87
20 Posaconazole 0.06-2 NR 1.0/NR 87
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Table 2. In vitro activities of anidulafungin, micafungin, caspofungin, itraconazole, voriconazole posaconazole and amphotericin B against 1,415 mould isolates.

No. Antifungal MIC range MEC range MIC90/ MEC90

Fungus Isolates Agent (µg/ml) (µg/ml) (µg/ml) References
(MIC50/ MEC50)



Aspergillus spp.A 6 Anidulafungin ≤0.03-0.06 NR NR 88,102
6 Caspofungin 0.03-0.06 0.06-0.121 NR 88,102
6 Amphotericin B 0.12-2 NR NR 88,102
6 Itraconazole ≤0.03-1.0 NR NR 88,102
4 Voriconazole ≤0.03-0.12 NR NR 88

Fusarium moniliforme 3 Micafungin >8 NR NR 78
3 Amphotericin B 1.0-2 NR NR 78
3 Itraconazole 2->8 NR NR 78

Fusarium oxysporum 6 Anidulafungin >8 NR (>8)/NR 77
15 Caspofungin >8 >8 (>8)/(>8) 73,77,86
3 Micafungin >8 NR NR 78
3 Amphotericin B 0.5-2 1.01 NR 78
3 Itraconazole ≤8 NR NR 78
6 Posaconazole 1->8 NR (4.16)/NR 77

Fusarium solani 6 Anidulafungin >8 NR (>8)/NR 77
29 Caspofungin >8 >8 (>8)/(>8) 73,77,86
5 Micafungin >8 NR NR 64,65,78
5 Amphotericin B 0.25-8 0.25-1.0 NR 64,65,78
5 Itraconazole ≥8 NR NR 64,65,78
6 Posaconazole >8 NR (>8)/NR 77

Fusarium spp.B 13 Anidulafungin >8 NR (>2)/NR 102
24 Caspofungin ≥8 >8 (>8)/>8 87,102
24 Amphotericin B 1.0-2 NR 2/NR 87,102
24 Itraconazole 2->8 NR >8/NR 87,102
11 Voriconazole 0.25->8 NR >8/NR 87
11 Posaconazole 0.5->8 NR >8/NR 87

Paecilomyces lilacinus 5 Caspofungin 4->8 NR >8/ NR 73
2 Micafungin ≤0.01 NR NR 78
2 Amphotericin B ≥8 NR NR 78
2 Itraconazole ≤0.01-0.5 NR NR 78

Paecilomyces variotii 2 Caspofungin ≤0.12 NR (≤0.12) /NR 73
2 Micafungin ≤0.01 NR NR 78
2 Amphotericin B 1.0 NR NR 78
2 Itraconazole 0.5-8 NR NR 78

Paecilomyces sp.C 1 Anidulafungin 2 NR NA 102
7 Caspofungin 0.3-8 NR (0.06)/NR 87,102
7 Amphotericin B 0.06->8 NR (0.5)/NR 87,102
7 Itraconazole 0.06-4 NR (0.25)/NR 87,102
6 Voriconazole 0.03-2 NR (0.25)/NR 87
6 Posaconazole 0.03-0.5 NR (0.12)/NR 87

Penicillium citeoviride 1 Micafungin <0.01 NR NA 78
1 Amphotericin B 2 NR NA 78
1 Itraconazole 0.06 NR NA 78

Penicillium decumbens 1 Micafungin ≤0.01 NR NA 78
1 Amphotericin B 1.0 NR NA 78
1 Itraconazole ≤0.01 NR NA 78

Penicillium expansum 1 Micafungin ≤0.01 NR NA 78
1 Amphotericin B 1.0 NR NA 78
1 Itraconazole 0.5 NR NA 78

Penicillium notatum 1 Micafungin ≤0.01 NR NA 78
1 Amphotericin B 1.0 NR NA 78
1 Itraconazole 0.06 NR NA 78

Penicillium spp.D 35 Caspofungin NR 0.01->8 0.12/NR 87
35 Amphotericin B 0.12-2 NR 2/NR 87
35 Itraconazole 0.25-2 NR 2/NR 87
35 Voriconazole 0.03->8 NR 2/NR 87
35 Posaconazole 0.06-2 NR 1/NR 87

Trichoderma sp. 1 Anidulafungin 0.06 NR NA 102
1 Caspofungin 0.25 NR NA 102
1 Amphotericin B 1.0 NR NA 102
1 Itraconazole 2 NR NA 102
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Table 2 (continuation). In vitro activities of anidulafungin, micafungin, caspofungin, itraconazole, voriconazole posaconazole and amphotericin B against 1,415
mould isolates.

No. Antifungal MIC range MEC range MIC90/ MEC90

Fungus Isolates Agent (µg/ml) (µg/ml) (µg/ml) References
(MIC50/ MEC50)



Dimorphic fungi
Blastomyces dermatitidis 34 Anidulafungin 2-8>8 NR (4)/NR 71,77

5 Caspofungin 0.5-8 NR (2)/NR 77
6 Micafungin >8/<0.01-0.03* NR NR 63

35 Amphotericin B ≤0.03-0.25* NR 0.25/NR 63,71
35 Fluconazole 1.0-32* NR 16/NR 63,71
6 Itraconazole ≤0.01-0.03* NR NR 63
5 Posaconazole <0.03-0.06 NR (0.05)/NR 77

Coccidioides immitis 4 Micafungin 0.01 NR NR 63
25 Caspofungin ≥8 NR >8/NR 74
29 Amphotericin B 0.06-0.5 NR 0.5/NR 63,74
29 Fluconazole 4-64 NR 64/NR 63,74
4 Itraconazole 0.06-0.12 NR NR 63

Histoplasma capsulatum 5 Anidulafungin 2-4 NR (3.6)/NR 77
5 Caspofungin 0.5-4 NR (1.3)/NR 77
4 Micafungin >8/0.03-0.06* NR NR 63
4 Amphotericin B 0.06-0.5* NR NR 63
4 Fluconazole 1.0-16* NR NR 63
4 Itraconazole ≤0.01-0.03* NR NR 63
5 Posaconazole <0.03-0.06 NR (0.04)/NR 77

Paracoccidioides brasiliensis 7 Micafungin >8/4->8* NR NR 63
7 Amphotericin B <0.01-0.25 NR NR 63
7 Fluconazole 0.12-1.0 NR NR 63
7 Itraconazole <0.01 NR NR 63

Penicillium marneffei 8 Micafungin 4->8/0≤0.01-2* NR NR 63,78
8 Amphotericin B 0.12-1.0* NR NR 63,78
8 Fluconazole 1.0-8* NR NR 63,78
8 Itraconazole ≤0.01-0.06* NR NR 63,78

Sporothrix schenckii 5 Anidulafungin 0.25->8 NR (3.9)/NR 77
5 Caspofungin 1.0->8 NR 5.4/NR 77
7 Micafungin >8/0.5-1.0* NR NR 63
7 Amphotericin B 0.5-2* NR NR 63
7 Fluconazole 64* NR NR 63
7 Itraconazole 0.5-2* NR NR 63
5 Posaconazole 0.12-1.0 NR (0.7)/NR 77

Zygomycetes
Absidia corymbifera 4 Micafungin >8 NR NR 64,78

4 Amphotericin B 0.25-0.5 NR NR 64,78
4 Itraconazole 0.03-0.25 NR NR 64,78

Cunninghamella elegans 1 Micafungin >8 NR NA 64
1 Amphotericin B 0.5 NR NA 64
1 Itraconazole 0.5 NR NA 64

Mucor circinelloides 3 Micafungin >8 NR NR 78
3 Amphotericin B 0.12-0.5 NR NR 78
3 Itraconazole ≤8 NR NR 78

Mucor spp.E 3 Caspofungin NR >8 NR/(>8) 87
3 Amphotericin B 0.5-1.0 NR (0.5)/NR 87
3 Itraconazole 2->8 NR (2)/NR 87
3 Voriconazole 1.0->8 NR (2)/NR 87
3 Posaconazole 0.5->8 NR (1.0)/NR 87

Rhizopus arrhizus (R. oryzae) 10 Caspofungin >8 NR (>8)/NR 73,77
5 Anidulafungin >8 NR (>8)/NR 77
4 Micafungin >8 NR NR 64,78
4 Amphotericin B 0.12-0.25 NR NR 64,78
4 Itraconazole 0.25-0.5 NR NR 64,78
5 Posaconazole 2 NR (2)/NR 77

Rhizopus microsporus 1 Micafungin >8 NR NA 64
var. rhizopodiformis 1 Amphotericin B 0.12 NR NA 64

1 Itraconazole 0.5 NR NA 64
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Table 2 (continuation). In vitro activities of anidulafungin, micafungin, caspofungin, itraconazole, voriconazole posaconazole and amphotericin B against 1,415
mould isolates.

No. Antifungal MIC range MEC range MIC90/ MEC90

Fungus Isolates Agent (µg/ml) (µg/ml) (µg/ml) References
(MIC50/ MEC50)



Rhizopus spp.F 6 Anidulafungin >2 NR (>2)/NR 102
11 Caspofungin >8 >8 (>8)/(>8) 87,102
11 Amphotericin B 0.5-2 NR (1.0)/NR 87,102
11 Itraconazole 0.5->8 NR (1.0-4)/NR 87,102
5 Voriconazole 1.0->8 NR (2)/NR 87
5 Posaconazole 1.0-4 NR (2)/NR 87

Dematiaceous fungi
Alternaria spp. 1 Caspofungin ≤0.12 NR <0.12/NR 73

Alternaria alternata 3 Micafungin >8 NR NR 78
3 Amphotericin B 0.5 NR NR 78
3 Itraconazole ≤0.01 NR NR 78

Bipolaris hawaiiensis 3 Anidulafungin 1.0-4 NR 2.7 77
3 Caspofungin 1.0-2 NR 1.7 77
3 Posaconazole 0.06-0.25 NR (0.14)/NR 77

Bipolaris spicifera 3 Anidulafungin 1.0-4 NR (2.7)/NR 77
3 Caspofungin 1.0-2 NR (1.7)/NR 77
3 Posaconazole 0.06-0.25 NR (0.14)/NR 77

Cladophialophora bantiana 5 Anidulafungin 1.0-4 NR (2)/NR 77
5 Caspofungin 2-8 NR 3.6/NR 77
6 Micafungin 0.12-0.5 NR NR 64
6 Amphotericin B 0.12-0.5 NR NR 64
6 Itraconazole <0.01-0.06 NR NR 64
5 Posaconazole <0.03-0.06 NR (0.05)/NR 77

Curvularia lunata 4 Caspofungin <0.12-1.0 NR (0.5)/NR 73

Exophiala jeanselmei 2 Caspofungin 0.5-4 NR (1.1)/NR 73

Exophiala spinifera 7 Micafungin 0.12-2 NR NR 64
7 Amphotericin B 0.12-0.5 NR NR 64
7 Itraconazole 0.03-0.12 NR NR 64

Fonsecaea pedrosoi 4 Caspofungin ≤0.12-0.25 NR (0.13)/NR 73
7 Micafungin 0.5-8 NR NR 64
7 Amphotericin B 0.12-0.5 NR NR 64
7 Itraconazole 0.01-0.12 NR NR 64

Phialophora spp. 5 Caspofungin 1.0->8 NR (2.8)/NR 77
5 Anidulafungin 1.0->8 NR (9)/NR 77
5 Posaconazole 0.06-1.0 NR (0.4)/NR 77

Pseudallescheria boydii 11 Anidulafungin 1.0-4 NR (1.0-2.5)/NR 77,102
(Scedosporium apiospermum) 15 Caspofungin 0.25-4 NR ( 0.5-1.3)/NR 73,77,102

4 Micafungin >8 NR NR 64,78
9 Amphotericin B 1.0-4 NR (41)/NR 64,78,102
9 Itraconazole ≤0.01-1.0 NR (1.01)/NR 64,78,102
6 Posaconazole 0.5-2 NR (1.0)/NR 77

Scedosporium prolificans 2 Anidulafungin 4 NR NR 77
5 Caspofungin 4-≥8 NR (>8)/NR 73,75,77
1 Micafungin 0.5 NR NA 78
1 Amphotericin B 8 NR NA 78
1 Itraconazole 0.25 NR NA 78
1 Voriconazole 8 NR NA 75
2 Posaconazole >8 NR NR 77

Wangiella dermatitidis 7 Micafungin 1.0->8 NR NR 64
7 Amphotericin B 0.12-0.5 NR NR 64
7 Itraconazole 0.03-0.12 NR NR 64

Geometric mean (G mean) or MIC50 (Values within parenthesis).
1 MIC90, MIC50 or G MIC values from only one study.
A= Species listed: A. niger (102), A. terrreus (88,102) and A. flavipedes (88); B=F. oxysporum, F. solani (102); G=Phialophora parasitica, P. repens, P. verrucosa (77); C,D,E,F=No spe-
cies were provided.
1 Data from only one study
NR=Not reported
*Data for yeast and mycelial forms were provided (ref.63)
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Table 2 (continuation). In vitro activities of anidulafungin, micafungin, caspofungin, itraconazole, voriconazole posaconazole and amphotericin B against 1,415
mould isolates.

No. Antifungal MIC range MEC range MIC90/ MEC90

Fungus Isolates Agent (µg/ml) (µg/ml) (µg/ml) References
(MIC50/ MEC50)
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