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Sir,
Over the last decade, the importance of fungal organisms as
allergens has increased. Allergic bronchopulmonary aspergillosis
(ABPA) is an inflammatory disease of the airways caused by
hypersensitivity to the Aspergillus fumigatus antigen and occurs
in �1% of asthmatics and 15% of adult cystic fibrosis patients.
The widespread use of itraconazole for the treatment of ABPA
has been reported to improve lung function and aid in reducing
the concentration of glucocorticosteroids required.1 Other mani-
festations of fungal allergy of the respiratory tract include aller-
gic fungal sinusitis and severe asthma with fungal sensitization
(SAFS).2 Recently, a randomized placebo-controlled study of
itraconazole treatment of SAFS has shown major improvements
in asthmatic control and quality of life in patients sensitized to
one of several fungi including Penicillium, Cladosporium and
others.2 These data and the introduction of the new azole drugs
voriconazole and posaconazole led us to examine the azole sus-
ceptibility of other potentially allergenic moulds.3 In this study,
the in vitro activity of posaconazole and voriconazole is
compared with that of itraconazole.

Eighteen mould isolates were evaluated: two Alternaria alternata,
two Botrytis cinerea, one Cladosporium cladosporioides, two
Cladosporium herbarum, two Epicoccum purpurascens, one
Helminthosporium halodes, two Helminthosporium maydis, two
Penicillium chrysogenum, two Trichophyton interdigitale and
two Trichophyton rubrum. Eleven isolates were obtained from
the culture collection at Centraalbureau voor Schimmelcultures
(CBS), the Netherlands, and both C. herbarum and one
E. purpurascens were environmental isolates (identified by
CBS). All Trichophyton spp. were clinical isolates from the
culture collection at The Regional Mycology Laboratory,
Manchester, UK.

MICs were determined according to CLSI (formerly
NCCLS) M38-A guidelines,4 with modified temperature and

length of incubation (due to growth requirements of organisms
being tested). Final drug concentrations ranged from 0.015 to
8 mg/L.

Isolates were grown on Sabouraud agar at either room
temperature or 308C, and inocula were prepared in PBS contain-
ing 0.05% Tween 80. A spectrophotometric method for inoculum
preparation was used for all isolates, except Penicillium (counted
by a haemocytometer). Plates were incubated at room temperature
or 308C for durations of 2–8 days, depending on the organism
tested, in a moist chamber. Plates were checked daily and read
when sufficient growth was apparent in the positive control,
giving full well coverage (each species was read at the same
incubation time). MICs were read visually to determine a no
growth endpoint, and MFCs were also determined (99% kill).

The differences between drugs were analysed by a one-way
analysis of variance with a Bonferroni correction for multiple
comparisons (SPSS).

In general, the species tested had a susceptibility order of:
posaconazole.itraconazole.voriconazole, with geometric mean
MICs of 0.08, 0.16 and 1.21 mg/L, respectively (Table 1). All
isolates had MICs of posaconazole that were lower or equal to
those of itraconazole or voriconazole, except one Penicillium
isolate, which had a lower MIC of itraconazole of 0.125 com-
pared with an MIC of posaconazole of 0.25 mg/L. There was no
significant difference (P.0.05) between MICs of posaconazole
and itraconazole; however, significant differences (P,0.05) were
seen between MICs of voriconazole and each of the other drugs.

Incubating P. chrysogenum at 308C instead of at room temp-
erature mostly increased MICs of itraconazole and voriconazole,
but no change was seen with posaconazole, suggesting that MIC
values can be influenced by changes in incubation time and
temperature at least for some drugs.

Using the CLSI M38-A guidelines for inoculum preparation,
the colony counts for one-third of the isolates were not within
the CLSI range, although each drug was tested simultaneously,
enabling a valid comparison to be made.

Many studies have compared antifungal activity against fila-
mentous fungi, but they cannot be directly compared with our
results due to method differences. Furthermore, a small number
of isolates were tested in this study. Cuenca-Estrella et al.5

demonstrated that when using CLSI methods to perform suscep-
tibility testing on Penicillium species, posaconazole was the
most active, then itraconazole and voriconazole, consistent with
our findings, although the MIC90 values were much higher than
those obtained in our study. High MIC90 values of itraconazole,
posaconazole and voriconazole for Alternaria (all .8 mg/L)
were also shown by Cuenca-Estrella et al.,5 but we only found
this with voriconazole (2 and 8 mg/L). Susceptibility of
Cladosporium species to itraconazole was investigated by Pujol
et al.,6 and MICs obtained ranged from �0.035 to .20 mg/L
(n¼6), but we found that the three isolates tested were suscep-
tible to itraconazole with MICs ranging from 0.06 to 0.25 mg/L.

All three azole drugs exhibited good activity against
Trichophyton species (all MICs �0.5, except one T. rubrum
isolate with an MIC of 1 mg/L). When using CLSI methods,
previous studies have shown similar and also much higher MIC
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values of posaconazole and itraconazole compared with our
findings.

MFCs were also determined in this study as it has been pre-
viously shown that they may correlate better with clinical out-
comes than MICs.7 We have demonstrated that all isolates were
also killed by the drug concentration that inhibited them, except
one isolate of T. rubrum.
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Table 1. MIC and MFC results for mould isolates using a modified CLSI M38-A microtitre method4

Organism/actual final inoculum (cfu/mL)

MIC/MFC (mg/L)

itraconazole posaconazole voriconazole

A. alternata

2.25�104 0.25/0.25 (n¼1) 0.125/0.125 (n¼1) 8/8 (n¼1)

2.0�104 0.25/0.25 (n¼1) 0.125/0.125 (n¼1) 2/2 (n¼1)

B. cinerea

1.25�103 �0.015/�0.015 (n¼1) �0.015/�0.015 (n¼1) 0.125/0.125 (n¼1)

4.25�104 0.03/0.03 (n¼1) 0.03/0.03 (n¼1) 1/1 (n¼1)

C. cladosporioides

7.5�103 0.25/0.25 (n¼1) 0.125/0.125 (n¼1) 4/4 (n¼1)

C. herbarum

2.5�103 0.125/0.125 (n¼1) 0.06/0.06 (n¼1) 8/8 (n¼1)

5.5�103 0.06/0.06 (n¼1) 0.03/0.03 (n¼1) 2/2 (n¼1)

E. purpurascens

1.0�104 2/2 (n¼1) 0.125/0.125 (n¼1) 2/2 (n¼1)

5.0�103 .8/.8 (n¼1) 0.5/0.5 (n¼1) 4/4 (n¼1)

H. halodes

7.5�103 0.06/0.06 (n¼1) 0.03/0.03 (n¼1) 8/8 (n¼1)

H. maydis

2.25�104 0.06/0.06 (n¼1) 0.03/0.03 (n¼1) 0.5/0.5 (n¼1)

5.0�103 0.03/0.03 (n¼1) 0.03/0.03 (n¼1) 0.25/0.25 (n¼1)

P. chrysogenum (room temperature)

4.25�104 0.125/0.125 (n¼1) 0.25/0.25 (n¼1) 1/1 (n¼1)

3.5�104 0.25/0.25 (n¼1) 0.25/0.25 (n¼1) 2/2 (n¼1)

T. interdigitale

8.75�104 0.125/0.125 (n¼1) 0.06/0.06 (n¼1) 0.25/0.25 (n¼1)

1.25�105 0.125/0.125 (n¼1) 0.125/0.125 (n¼1) 0.5/0.5 (n¼1)

T. rubrum

1.25�103 0.125/0.125 (n¼1) 0.06/0.06 (n¼1) 0.125/0.125 (n¼1)

3.75�105 0.5/1 (n¼1) 0.25/0.5 (n¼1) 1/.8 (n¼1)

Geometric mean 0.16/0.17 0.08/0.08 1.21/1.41

Mean 1.13/1.16 0.12/0.14 2.49/3.32

Median 0.125/0.125 0.09/0.09 1.5/2

Range �0.015 to .8/�0.015 to .8 �0.015–0.50/�0.015–0.50 0.125–8/0.125 to .8
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