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Study on the Establishment of Mycological Examination Methods in Clinical
Laboratories: Specimen Pretreatment and Isolation and a Susceptibility Testing

for Micafungin

At present, no standardized method of clinical mycological examination has
been established. Mycological examination in clinical laboratories (e.g., isolation of
pathogenic fungi from clinical specimens) is usually performed according to a clinical
bacteriological examination method. However, fungi have features that differ from
bacteria, such as slow growth rate, which means that the mycological examination must
be performed in a different way from that for bacteria.

So, the author analyzed mycological examination reports of clinical specimens obtained
at the Kitasato University Hospital to investigate the applicability of a clinical
mycological examination method. The author wanted to identify the detective rate of
fungi that were observed in direct smear preparations, the frequency of the fungi except
for Candida spp. and the number of fungal colonies isolated from respiratory specimens,
and the incubation days needed to isolate both Aspergillus spp. and Cryptococcus spp.
from clinical specimens including dermatophytes from scales.

Furthermore, using prepared fungal suspensions of Candida albicans, Cryptococcus
neoformans and Aspergillus fumigatus, the effect for a concentration of the samples by
centrifugation, the appropriate inoculum size to isolation medium, and the incubation
temperature for isolating the fungi were examined.

The Clinical and Laboratory Standards Institute (CLSI) suggested a standard

susceptibiiity testing manual for yeast in 1992, and for filamentous fungi in 1998. Since



these CLSI manuals were first proposed, improvements to these manuals have
continued until now. In Japan, the Japanese Society for Medical Mycology (JSMM) has
proposed a susceptibility testing method modified from the CLSI method for yeast and
for filamentous fungi.

A new antifungal agent, Micafungin (MCFG) developed by Astellas Pharmaceutical Co.
Ltd., Tokyo in 2002, is a member of the candins and inhibits the synthesis of
1,3-B-D-glucan in fungal cell walls. Although susceptibility testing is necessary for
evaluating the clinical effect, the susceptibility testing method of MCFG has not been
clarified in these manuals.

Therefore, the author examined the susceptibility testing method for MCFG according’
to four manuals of two methods: CLSI M27-A2 (turbidity measurement for yeast) and
CLSI M38-A (turbidity measurement for filamentous fungi) from the CLSI method, and
JSMM-Y (turbidity measurement for yeast) and JSMM-F (colorimetric method for
filamentous fungi) from the JSMM method, by using 48 clinical isolates of Candida
spp., 13 clinical isolates of Aspergillus spp., two strains as the quality control (Candida
krusei ATCC6258 and Candida parapsilosis ATCC22019), and a reference strain
(Aspergillus fumigatus ATCC26430). The author also determined the end point and the

inoculum size of the fungi for minimum inhibitory concentration (MIC) measurement.

The results are summarized below:

1) Detective rate of fungi from direct smear preparation was 37.0% in 27 deep-seated
aspergillosis, and 83.3% in 10 cases of lung or central nervous system cryptococcosis.
2) Frequencies of fungi, except for Candida spp., isolated from respiratory specimens

included Aspergillus fumigatus (62.4%), Aspergillus spp. (18.8%), Cryptococcus



neoformas (14.5%), and Cryptococcus spp. (4.3%).

In 72.5% of 102 respiratory specimens where Aspergillus spp. were isolated, the
number of isolated colonies was one to three, and in only 7.9% of specimens, more than
100 colonies were isolated. Also, in 50% of 14 specimens where Cryptococcus spp.
were isolated from lung or bronchial alveolar lavage fluid, the number of isolated
colonies was one to three, and in 14.3% of specimens, more than 100 colonies were
isolated.

3) The incubation period needed to isolate all of the 65 isolates of Aspergillus spp. from
respiratory specimens was 6 days. In three respiratory specimens isolated Crypfococcus
spp., the time required to isolate Cryptococcus spp. was 4 days in one specimen and 5’
days in two specimens. In 46 scale samples, the required incubation period to isolate all
of 46 dermatophyte isolates was 14 days.

4) Using a preparation of 10~10* cells/ml suspensions for C. albicans, C. neoformans
and A. fumigatus, the number of recovered colonies in each suspension with or without
centrifugation was compared. In samples containing 10 cells/ml in each suspension, no
colonies were detected in the medium without centrifugation; yet some colonies were
observed after 15 min centrifugation at 2,000 g.

Using a preparation of 10 cells/ml in each sﬁspension of C. albicans, C. neoformans
and A. fumigatus, the recovered colony size was compared with two incubation
conditions: Condition 1, incubation at 35°C for the first 24 h and at 27°C for the next 24
h; and Condition 2, incubation at 27°C for 48 h. C. albicans and A. fumigatus formed
larger sized colonies on the plate in Condition 1 than in Condition 2, while

C. neoformans formed a larger colony on the plate in Condition 2. In addition, 4.

fumigatus did not develop any colonies in the first 24 h of incubation at 27°C in



Condition 2, but developed colonies in the first 24 h of incubation at 35°C in Condition
1. Therefore, the author believes that Condition 1 is the preferred technique for rapid
isolation of A. fumigatus.

5) The MIC value for MCFG using the tentative endpoints was 0.0039-1 ug/ml against
clinical isolates of Candida spp. in both methods, and the MIC against clinical isolates
of Aspergillus spp. was 0.0078-0.0313 ug/ml by visual judgment using the CLSI
method. A value of >4 pg/ml was judged using 1Csg as the endpoint and 0.0078-0.0313
ug/ml using ICsy as the endpoint by spectrophotometry with the CLSI method, and a
value of <0.0039-0.0156 pg/ml was judged with the JSMM method.

In the CLSI method, the absorbance of each well at the MIC in both quality control
strains of Candida spp. decreased sharply, and the absorbance of the wells at or above
the MIC were 0-1% of each growth control. On the other hand, in the 4. fumigatus
reference strain, the absorbance of the well at the MIC declined when judged visually,
but the absorbance of the wells above the MIC was 28-48% of the growth control.
When the MIC of C. krusei as quality control strain and 4. fumigatus as reference strain
were measured with the CLSI method, the microscopic morphology of the organisms in
each well was examined simultaneously. The morphological changes in the organisms,
the swelling of the cells in C. krusei and the rupture on the top of the hyphae in 4.
fumigatus were observed at half the concentration of each MIC. The transformed
organisms in C. krusei were not observed in the wells at or above the MIC, but were
observed in A. fumigatus up to the maximum concentration of MCFG.

For the observation of the rate of viable cells treated with each concentration of MCFG,
neutral red staining was performed in each of the wells containing Candida spp. as the

quality control, and 4. fumigatus as the reference strain after measurements of MIC



were carried out using the CLSI method. The rate of viable cells of Candida spp. as the
quality control decreased to 2-6% of the growth control at concentrations above each
MIC, and in A. fumigatus as the reference strain, the rate of viable cells declined at the
MIC, but viable cells were observed at a rate of 12-19% of the growth control at
concentrations above the MIC.

6) To observe the effect of the inoculum size against MIC values, the inoculum size of
the quality control and reference strains were investigated within a range of 10*10°
cells /ml. MIC values for Candida spp. as the quality control were similar for all
inoculum sizes. However, for 4. fumigatus as the reference strain, the MIC at an

inoculum size of 10°-10° cells /ml was over 9 times higher than that for an inoculum

size of 10%-10* cells /ml.

From these results, the author concludes that:

1) The number of fungal colonies isolated from respiratory specimens was very low
according to the mycological examination reports of the Kitasato University Hospital.
Therefore, the author proposes that the treatment of clinical specimens, especially
respiratory samples, is to dissolve the sputum with proteases, centrifuge the dissolved
sputum and then use the pelleted sample for direct smear preparation and isolation. The
author also proposes that large amounts of the inoculum at 30 ul should be added to the
isolation medium, 35°C incubation temperature for the first 24 h should be used for
rapid isolation of C. albicans and A. fumigatus from clinical specimens. And the author
also emphasizes that the incubation period for isolating fungi from clinical specimens

requires 7 days for internal specimens and 21 days for dermatological specimens.
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2) After studying the susceptibility testing method for MCFG, the author concludes that
the MIC measurement for MCFG against Candida spp. is acceptable by both CLSI and
JSMM methods. However, when measuring MCFG against Aspergillus spp., the CLSI
method has some problems. The inoculum size in the well of the microtiter plate should
not exceed 10* cells/ml, and new endpoints should be used. This includes the visual
endpoint provided in this study for visual judgment and the ICso endpoint by
spectrophotometry. For MIC measurement of MCFG against Aspergillus spp. in the

CLSI method, the author recommends the use of these new endpoints.
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