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Influence of Different Media, Incubation Times, and Temperatures for
Determining the MICs of Seven Antifungal Agents against
Paracoccidioides brasiliensis by Microdilution
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MIC assays with Paracoccidioides brasiliensis, the etiological agent of paracoccidioidomycosis, had been conducted with variable
protocols, employing both macrodilution and microdilution tests and including differences in inoculum preparation, media
used, incubation periods, and temperatures. Twenty-one clinical and environmental isolates of Paracoccidioides were tested us-
ing amphotericin B, itraconazole, ketoconazole, fluconazole, sulfamethoxazole, sulfamethoxazole-trimethoprim, and terbin-
afine, according to the National Committee for Clinical Laboratory Standards (National Committee for Clinical Laboratory
Standards, document M27-A2, 2002), with modifications such as three medium formulations (RPMI 1640 medium, McVeigh
and Morton [MVM] medium, and modified Mueller-Hinton [MMH] medium), two incubation temperatures (room temperature
[25 to 28°C] and 37°C), and three incubation periods (7, 10, and 15 days). The antifungal activities were also classified as fungi-
cidal or fungistatic. The best results were obtained after 15 days of incubation, which was chosen as the standard incubation
time. The MICs for most individual isolates grown for the same length of time at the same temperature varied with the different
media used (P < 0.05). Of the isolates, 81% showed transition from the yeast to the mycelial form in RPMI 1640 medium at 37°C,
independent of the presence of antifungals. MMH medium appears to be a suitable medium for susceptibility testing of antifun-
gal drugs with P. brasiliensis, except for sulfamethoxazole and the combination of sulfamethoxazole-trimethoprim, for which
the MVM medium yielded better results. The incubation temperature influenced the MICs, with, in general, higher MICs at 25°C
(mycelial form) than at 37°C (P < 0.05). Based on our results, we tentatively propose a microdilution assay protocol for suscepti-

bility testing of antifungal drugs against Paracoccidioides.

Pamcoccidiaides brasiliensis is a dimorphic fungus with filamen-
tous structures (hyphae) containing infecting propagula or
conidia in the natural environment; at 37°C, it presents yeast-like
forms with multiple budding. Infection probably occurs as a result
of inhalation of conidia, which subsequently transform into yeast
cells (1, 2).

P. brasiliensis is the etiological agent of paracoccidioidomyco-
sis (PCM), a systemic and endemic disease that affects at least 10
million people in Latin America (1). PCM is the most frequent
primary cause of death among the systemic mycoses in Brazil (3).
Two main clinical PCM presentations have been reported: acute/
subacute (juvenile form), which progresses quickly and has a con-
siderable mortality rate, and chronic (adult PCM), which pro-
gresses slowly and accounts for more than 90% of the cases. All of
the data point to the lung epithelium as the primary site of infec-
tion, from whence it spreads to other organs and tissues. Second-
ary lesions can be found in the mucosae, skin, lymph nodes, liver,
spleen, and adrenal glands (4).

Several drugs are available for the treatment of PCM. Sulfa
drugs were the first to be employed for the treatment of this my-
cosis and continue to be active medications against this fungal
infection, including the severe juvenile forms, although in vitro
and clinical resistances have been reported (5-7). The sulfame-
thoxazole-trimethoprim combination is the most frequently em-
ployed treatment for these patients, in both its oral and intrave-
nous formulations, and it is used for severe acute cases and for the
neurological form of the disease. Amphotericin B is another ther-
apeutic option used for severe forms of the disease, both in adults
and in children. The advent of azoles (ketoconazole, fluconazole,
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and itraconazole) at the end of the 1970s revolutionized the treat-
ment of the disease. These oral drugs present good activity against
P. brasiliensis and are well tolerated, presenting few side effects
(5,7).

The currently available standardized procedures for antifungal
susceptibility testing can be found in National Committee for
Clinical Laboratory Standards (NCCLS; now called CLSI) docu-
ment M27-A2 (8), which was proposed and adopted for certain
yeast species. For filamentous fungi and the dimorphic fungus
Sporothrix schenckii, testing procedures have been described in
document M38-A (9). Standardized methods for antifungal sus-
ceptibility testing for other dimorphic fungi are absent from the
literature. In the in vitro methods proposed by the NCCLS for
testing filamentous and yeast fungi, P. brasiliensis is not included.
The studies described in reports available for P. brasiliensis and
other dimorphic fungi had been conducted with agar macrodilu-
tion, broth macrodilution, or microdilution tests. These studies
have generally used modified versions of the NCCLS M27-A2 pro-
tocols or a Shadomy modified protocol (10). These modifications
include differences in inoculum preparation, media used in MIC
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TABLE 1 Paracoccidioides brasiliensis isolates used in this study

Isolate Origin Country Phylogenetic species”
Edo1 Clinical Brazil (Goids) PbO1- like (24)
1578 Clinical Brazil (Goids) Pb01- like (24)
Pbo1° Clinical Brazil (Goiés) Pb01- like (25, 26)
Pb4 Chronic PCM Brazil (Sao Paulo) PS2 (25-29)
Pb2 Chronic PCM Venezuela PS2 (25-29)
Pb03° Chronic PCM Brazil (Sao Paulo) PS2 (26-29)
Pbé6 Chronic PCM Brazil (Parand) S1(26-29)
Pb5 Chronic PCM Brazil (Parand) S1(28,29)
B339 Chronic PCM Brazil (Sao Paulo) S1(25-29)
Utero Chronic PCM Argentina S1(24)

Pbll Acute PCM Brazil (Parana) S1(26-29)
Pb13 Acute PCM Brazil (Goiés) S1(26-29)
Pb10 Acute PCM Peru S1(26-29)
Pbl4 Acute PCM Brazil (Sao Paulo) S1(26-29)
63265 Acute PCM Argentina S1 (25, 26, 28)
Pb09 Mucosal lesions Venezuela S1(27)
Penguin  Penguin feces Uruguay S1(26,27)
Tatu Armadillo Brazil (Para) S1(27)

Pb9 Chronic PCM Brazil (Sao Paulo) S1(26-29)
Pb8 Chronic PCM Brazil (Sao Paulo) S1(26-29)
Pb18* Chronic PCM Brazil (Sao Paulo) S1(25-28)

@ P. brasiliensis isolate used in the genome sequencing project (Broad Institute MIT and
Harvard).

b Phylogenetic species are grouped in accordance with findings in the indicated
references.

assays, incubation periods, and experimental temperatures (5, 6,
11-23). However, standardization of the methods used for in vitro
susceptibility testing is important to facilitate the establishment of
interpretative breakpoints and quality control parameters.

The purpose of this study was to evaluate the influence of dif-
ferent conditions (medium, incubation time, and temperature)
on the execution of microdilution susceptibility tests to determine
the MICs of seven antifungal drugs for 21 clinical and environ-
mental isolates of the genus Paracoccidioides.

MATERIALS AND METHODS

Isolates. We tested 19 clinical and 2 environmental isolates of the Para-
coccidioides species complex (Table 1). The collection was maintained in
yeast extract-peptone-dextrose (YPD; 1% yeast extract, 2% peptone, 2%
dextrose, and 1.5% agar) agar in the filamentous form (M) at room tem-
perature (25 to 28°C) with monthly subculture. The isolates were con-
verted to the yeast-like (Y) phase by incubation at 37°C and maintained by
weekly passages while testing was performed. The full transition of myce-
lium to the yeast form was confirmed by the observation of the macro-
scopic and microscopic aspects of the colonies. Candida parapsilosis
(ATCC 22019) and Candida krusei (ATCC 6258) were included for qual-
ity control (8).

Study design. Each isolate was tested with amphotericin B, itracona-
zole, ketoconazole, fluconazole, sulfamethoxazole, a combination of sul-
famethoxazole-trimethoprim, and terbinafine and by following modified
versions of the NCCLS susceptibility testing guidelines for yeast fungi
(document M27-A2 [8]) and procedures described by Hahn etal. (15, 17).
The following conditions were evaluated: (i) three medium formulations,
including RPMI 1640 medium (standard medium), McVeigh and Mor-
ton (MVM) medium (30), and modified Mueller-Hinton (MMH) me-
dium (30); (ii) two incubation temperatures, room temperature (25 to
28°C) and 37°C; and (iii) three incubation periods, 7, 10, and 15 days. To
evaluate the stability of the drugs among these incubation times, we per-
formed a MIC assay with fluconazole and amphotericin B (drugs often
used in candidiasis treatment) against C. parapsilosis (ATCC 22019) ac-
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cording to the NCCLS (document M27-A2 [8]). The fluconazole and
amphotericin B were diluted as recommended and incubated at 37°C for
15 days without inoculating the microorganism. Forty-eight hours before
performing the MIC readings at 7-, 10-, and 15-day intervals, C. parapsi-
losis was inoculated and MIC results were registered.

Media. The standard RPMI 1640 medium at 34.54 g per liter was
buffered with 0.165 M morpholinepropanesulfonic acid (MOPS) at pH
7.0. MVM medium was prepared as recommended by Restrepo and Jimé-
nez (30), and MMH medium (Mueller-Hinton medium supplemented
with 10 g/liter of glucose, 5 g/liter of ammonium sulfate, and 10 mg/liter of
thiamine [Sigma-Aldrich]) was prepared as recommended by Restrepo
and Arango (23). All drugs were tested in these three media for all of the
isolates.

Antifungal drugs. Antifungal drugs were obtained as follows: ampho-
tericin B and sulfamethoxazole were from Sigma-Aldrich; itraconazole,
ketoconazole, and fluconazole were obtained from the Pharmacy College
of the Universidade Federal de Minas Gerais; sulfamethoxazole-tri-
methoprim was used in its commercial formulation (Bactrim); and terbi-
nafine was purchased from Novartis. Fluconazole was dissolved in dis-
tilled water. The other drugs were dissolved in 100% dimethyl sulfoxide
(DMSO) (Vetec) by following the NCCLS M27-A2 protocol. Except for
sulfamethoxazole and the sulfamethoxazole-trimethoprim combination,
which were prepared as 5.0-mg/liter stock solutions, the drugs were pre-
pared as 1.0-mg/liter stock solutions.

Drug dilutions. Serial 2-fold dilutions were prepared according to
NCCLS document M27-A2 at 100 times the strength of the final concen-
tration, followed by further dilutions (1:50) in RPMI 1640, MVM, or
MMH medium to yield twice the final strength required for the test. Am-
photericin B, fluconazole, and terbinafine were prepared in a range of
concentrations from 0.0078 to 4.0 mg/liter. Itraconazole was prepared in
arange of concentrations from 0.0039 to 2.0 mg/liter. Ketoconazole prep-
arations ranged from 0.0019 to 1.0 mg/liter. Sulfamethoxazole and the
sulfamethoxazole-trimethoprim combination preparations ranged from
1.17 to 600.0 mg/liter.

Preparation of inocula. P. brasiliensis isolates were subcultured three
times at 5-day intervals to achieve the exponential growth phase (31).
Growth was collected aseptically with a platinum loop and resuspended in
3 ml of sterile saline (0.85%). Because large cell aggregates were common,
the suspensions were allowed to settle for 3 to 5 min. Subsequently, the
supernatants were collected, and their densities were adjusted by spectro-
photometry at 530 nm to a transmittance of 70% (17, 22). The inoculum
sizes ranged from 1 X 10°to 5 X 10° cells/ml. This range was confirmed by
counting the yeast cells using a hematocytometer. The inoculum suspen-
sions were diluted (1:10 and 1:50) in RPMI 1640, MVM, or MMH me-
dium to obtain a cell number ranging from 0.5 X 10° to 2.5 X 10°/ml.

Test procedure. Flat-bottomed microdilution plates (96 wells) were
set up in accordance with the NCCLS M27-A2 reference method (8, 22).
Each microdilution well containing 0.1 ml of the 2-fold drug concentra-
tion was inoculated with 0.1 ml of the diluted inoculum suspension. For
each test plate, two drug-free controls were included, one with the me-
dium alone (sterile control) and the other with 0.1 ml of the medium plus
0.1 ml of inoculum suspension (growth control). The microdilution
plates were incubated at room temperature (25 to 28°C) or at 37°Cin a
damp chamber and read after 7, 10, and 15 days of incubation.

Determination and interpretation of MICs. Endpoint determination
readings were performed visually based on the comparison of the growth
in the wells containing the drug with that of the growth control. For
terbinafine, ketoconazole, fluconazole, itraconazole, sulfamethoxazole,
and the sulfamethoxazole-trimethoprim combination, the MIC was de-
fined as the lowest concentration showing prominent growth inhibition
(a drop in growth corresponding to approximately 80% of the growth
control). For amphotericin B, the MIC was defined as the lowest concen-
tration showing 100% growth inhibition. The MIC ranges of each drug
were obtained to facilitate comparisons of the activities of the tested drugs,
as were the MIC,, and MIC,,,.
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Observation of P. brasiliensis morphology. Inocula of 14 P. brasil-
iensis isolates (Ed01, Pb01, Pb2, Pb03, Pb5, B339, Utero, Pb13, Pb10,
Pb09, Penguin, Tatu, Pb9, and Pb18) were prepared as described above
and cultivated in flat-bottomed microdilution plates (96 wells) for 15 days
with RPMI 1640 (with or without 2% glucose), MMH, or YPD (positive
yeast control) medium at 37°C. At 2-, 5-, 10-, and 15-day intervals,
0.01-ml aliquots of the cultures were prepared with 0.001 ml of lactophe-
nol solution and observed by optical microscopy at a magnification
of X400 for morphological analyses.

Fungicidal and fungistatic activities. The in vitro fungicidal and fun-
gistatic activities were determined for amphotericin B, terbinafine, flu-
conazole, itraconazole, sulfamethoxazole, and the sulfamethoxazole-tri-
methoprim combination exclusively in the RPMI 1640 and MMH media
at a temperature of 37°C for each isolate, as recommended by Espinel-
Ingroff et al. (14), with modifications. After 15 days, 0.01 ml from each
well that was previously defined as the MIC, as well as 0.01 ml from each of
two wells above the MIC reading and the growth control (drug-free me-
dium), was subcultured onto YPD agar plates. The plates were incubated
at 37°C in a damp chamber until growth was observed in the growth
control subculture. The absence of growth of the isolates was indicative of
fungicidal activity, and the residual and continuous growth of isolates on
YPD agar was indicative of fungistatic activity.

Data analysis. All MIC determinations were repeated twice. Compar-
isons of the influence of incubation temperatures, incubation times, and
tested media were performed by the Wilcoxon (Mann-Whitney) and
Kruskal-Wallis tests. A P value of <<0.05 was considered significant (32).

RESULTS

Amphotericin B, terbinafine, ketoconazole, fluconazole, and itra-
conazole MICs for Candida parapsilosis (ATCC 22019) and Can-
dida krusei (ATCC 6258) were in agreement with those in NCCLS
document M27-A2 (data not shown). The assay performed with
Candida parapsilosis (ATCC 22019) in order to evaluate drug sta-
bility at 7, 10, and 15 days of incubation showed that fluconazole
and amphotericin B MICs were stable (data not shown) at 37°C
among the incubation times.

Effect of incubation time on the MIC. The fungal growth ob-
served in the growth control wells (absent of any antifungal drugs)
for a variable number of isolates at each drug microdilution was
insufficient to allow easy MIC reading at 7 days of incubation,
either when employing the RPMI 1640 medium or when employ-
ing the MMH and MVM media, although for some isolates and
media it was possible to perform (when the reader was able to find
80% inhibition of growth in the presence of the drug compared to
the growth control). Insufficient growth in the control wells oc-
curred for at least 2 isolates in RPMI 1640 medium and for 5
isolates in MMH medium at room temperature when testing ke-
toconazole and amphotericin B. In MVM medium, insufficient
growth was detected at 7 days of incubation for 5 isolates when
determining the MICs for sulfamethoxazole, the sulfamethoxa-
zole-trimethoprim combination, and fluconazole at room tem-
perature and for 7 isolates when testing itraconazole and keto-
conazole. Additionally, insufficient growth was detected for 4
isolates when testing terbinafine and for 9 isolates when testing
amphotericin B at 37°C in MVM medium. At room temperature
with MVM medium, insufficient growth was observed at 7 days of
incubation for 18 isolates with terbinafine and for 19 isolates with
sulfamethoxazole, the sulfamethoxazole-trimethoprim combina-
tion, and fluconazole; no isolate grew when amphotericin B was
tested. Conversely, after 10 days of incubation, all of the isolates
showed growth, and MIC readings were easier to perform. MIC
readings were even clearer after 15 days of incubation for all of the
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isolates under each test condition. Table 2 summarizes the suscep-
tibility data for the 21 P. brasiliensis isolates.

With the exceptions of itraconazole at 37°C in RPMI 1640 me-
dium, itraconazole and the sulfamethoxazole-trimethoprim com-
bination at room temperature, and ketoconazole and sulfame-
thoxazole at 37°C in MMH medium, the MICs were significantly
different for 7, 10, and 15 days of incubation under every test
condition (P < 0.05).

Effects of the different media on the MICs. The MICs ob-
tained with the three different types of media for the same isolate
at the same time and temperature of incubation differed signifi-
cantly among the tested antifungal agents (P < 0.05), except for
fluconazole at 37°C in MMH and MVM media. When using RPMI
1640 medium at both temperatures, the MICs for the antifungal
agents were consistently higher than in MMH media. For in-
stance, the MIC,, for amphotericin B using RPMI 1640 medium
was 1.0 mg/liter, while the MIC,, was 0.25 mg/liter when using
MMH medium at either temperature. The MICy,s for itracona-
zole using RPMI 1640 medium were 0.062 mg/liter at 37°C and
0.125 mg/liter at 25°C, while they corresponded to 0.0039 mg/liter
and 0.031 mg/liter, respectively, in MMH medium. The MICs
with MVM medium were similar to those found with RPMI 1640
medium, except for sulfamethoxazole and the combination of sul-
famethoxazole-trimethoprim. For sulfamethoxazole, the MIC,,
was 300 mg/liter when using RPMI 1640 medium and 150 mg/liter
in MMH medium at 37°C. The MICs for sulfamethoxazole and for
the sulfamethoxazole-trimethoprim combination in MVM me-
dium were considerably lower than those found in RPMI 1640 or
MMH medium. For instance, the MIC,, for sulfamethoxazole us-
ing RPMI 1640 medium was 300 mg/liter at both temperatures,
compared to 37.5 mg/liter at 37°C and 18.75 mg/liter at 25°C using
MVM medium. At the end of the MIC assays using RPMI 1640
medium at 37°C, transition of Paracoccidioides isolates from the
yeast to the mycelial form was observed, independent of the pres-
ence of antifungals; this was true for 81% of the isolates. As ex-
pected, at room temperature, all of the isolates grew as mycelia in
every tested medium.

P. brasiliensis morphology analysis at 37°C. To observe the
microscopic morphology in RPMI 1640 medium, 14 Paracoccid-
ioides isolates were tested; 72% showed a yeast-mycelium transi-
tion. Representative photomicrographs of the yeast and mycelial
forms of the Penguin, Pb10, and Pb9 isolates are shown in Fig. 1.
With the exception of the Tatu isolate, RPMI 1640 medium sup-
plemented with 2% glucose induced a morphological transition in
all tested isolates, which started after an incubation period of 5 to
10 days, depending on the analyzed isolate. As a consequence, the
variability of MICs in RPMI 1640 medium after 15 days would be
associated with the filamentation that occurred since days 5 to 10.
On the other hand, no yeast-to-mycelium transition was detected
in MMH or YPD medium (positive control). Paracoccidioides
morphology in MVM medium was not evaluated at these time
intervals due to the slower growth in this medium than in other
media. Microscopic analyses performed after MVM medium MIC
assays only showed yeast forms at 37°C for all of the tested isolates.

Effect of incubation temperature on MIC. The incubation
temperature had a significant influence on the MICs (P < 0.05)
(Table 2). This was true for all tested media and for all tested
drugs, with the exception of fluconazole in RPMI 1640 and MMH
media and sulfamethoxazole in MVM medium. At 37°C, higher
MICs were obtained in RPMI 1640 and MMH media for only
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amphotericin B. In MVM medium, higher MICs were obtained at
room temperature for amphotericin B, ketoconazole, itracona-
zole, fluconazole, and the sulfamethoxazole-trimethoprim com-
bination, although similar values were obtained for sulfamethoxa-
zole at room temperature. Higher MICs were obtained at room
temperature in RPMI 1640 and MMH medium cultures for keto-
conazole, itraconazole, terbinafine, sulfamethoxazole, and the
sulfamethoxazole-trimethoprim combination. Terbinafine ex-
hibited a larger MIC range at room temperature.

Table 3 allows assessment of the differences in MIC results for
the seven drugs when tested in the three media for each P. brasil-
iensis isolate employing the following conditions: 10° yeast cells/
ml, a temperature of 37°C, and incubation for 15 days. As previ-
ously stated, the MICs obtained with the three different media for
the same isolate at the same time and temperature of incubation
differed significantly among the tested antifungal agents (P <
0.05), except for fluconazole at 37°C in MMH and MVM media.
When using RPMI 1640 medium at both temperatures, the MICs
for the antifungal agents were consistently higher than in MMH
media. The MICs with MVM medium were similar to those found
with RPMI medium, except for sulfamethoxazole and the combi-
nation of sulfamethoxazole-trimethoprim. For sulfamethoxazole
and the combination of sulfamethoxazole-trimethoprim, similar
MICs were observed in RPMI 1640 and MHM media.

Fungicidal and fungistatic activities of antifungal drugs
against P. brasiliensis. The fungicidal and fungistatic activities of
the antifungal agents against 21 clinical and environmental P.
brasiliensis isolates are summarized in Table 4. Amphotericin B
was demonstrated to have fungicidal activity against all 21 isolates
in both RPMI 1640 and MMH media (Table 4). The other anti-
fungal agents, at the concentrations used in this study, presented
either predominantly fungicidal or fungistatic profiles in RPMI
1640 or MMH medium. In RPMI 1640 cultures, terbinafine had
fungicidal activity toward 57% of the isolates, fluconazole was
fungistatic toward 57% of the isolates, and sulfamethoxazole had
fungicidal activity toward 62% of the isolates. Itraconazole and
the sulfamethoxazole-trimethoprim combination showed fun-
gicidal activity toward 57% and 52% of the isolates, respec-
tively. Itraconazole, sulfamethoxazole, and the sulfamethoxa-
zole-trimethoprim combination were also fungicidal toward
cultures from the MMH medium for 100%, 66%, and 71% of the
isolates, respectively. Divergent activity profiles were verified for
terbinafine and fluconazole when they were tested in RPMI 1640
and MMH media. Terbinafine was predominantly found to be
fungicidal in RPMI 1640 medium and fungistatic in MMH me-
dium (52%), while fluconazole, which was predominantly fungi-
static in RPMI 1640 medium, was fungicidal in MMH medium
(52%).

DISCUSSION

The absence of standardized working protocols is directly related
to the variety of MICs that are found in the literature for a specific
fungal pathogen, as different researchers have adopted distinct
ways of performing these tests. In our study, we followed the rec-
ommendations of the NCCLS document M27-A2 microdilution
protocols, with certain modifications, for testing isolates of the
Paracoccidioides species complex. On the basis of our results, we
have discussed the influence of variable conditions on the MIC
readings for the seven drugs and suggest a protocol for the in vitro
susceptibility testing of P. brasiliensis (Table 5). Since this work
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FIG 1 P. brasiliensis morphology at 37°C after 2, 5, 10, and 15 days of incubation. Cultures were prepared with 0.01 ml of the fungus and 0.001 ml of lactophenol
solution and observed by optical microscopy at X400. (A) Yeast-mycelium transition of the Penguin P. brasiliensis isolate cultivated in RPMI 1640 medium
supplemented with 2% glucose; (B) yeast morphology of the Pb10 P. brasiliensis isolate cultivated in MMH medium; (C) morphology of the Pb9 P. brasiliensis

isolate cultivated in YPD medium (yeast positive control).

was a single-center study, it is interesting to highlight the relevance
of subsequent efforts in developing multicenter validation and
comparison of the accuracy of the test method and results.

First, a previous testing assay with three different inoculum
concentrations (10%,10%, and 10° cells/ml) in RPMI 1640 medium
was performed with 13 isolates. The use of 10° cells/ml is suggested
by the NCCLS M27-A2 protocol, though concentrations of 10*
and 10° cells/ml were used in previous P. brasiliensis MIC assay
studies (15, 16, 18,20, 21, 33). Our results, which are in agreement
with the results of these authors, indicated that the obtained
growth and MIC readings were easier to perform when a concen-
tration of 10° cells/ml was used (data not shown), and this is the
inoculum size in the proposed protocol (Table 5).

A number of authors have proposed different incubation times
ranging from 72 h to 8 days (15-19) or starting the MIC reading
after the growth of the positive control (22) to test P. brasiliensis.
There are indications that the exponential growth of P. brasiliensis
occurs at between 5 and 7 days of incubation in complete medium
(1, 2). Our results showed that the incubation time directly influ-
enced the MICs under all tested conditions for most of the isolates
(P < 0.05). Regarding the incubation times, the highest MIC vari-
ations were found with RPMI 1640 medium, and the lowest vari-
ations were observed with MMH medium. Our results showed
that an incubation time of 7 days was not sufficient for the satis-
factory growth of all the isolates, which may indicate a probability
of false MIC readings. After 10 days of incubation, the growth was
still poor for the isolates that were, apparently, more fastidious.
On the other hand, all of the tested isolates grew better after 15
days of incubation, a result that supports a previous suggestion of
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starting the MIC reading after the growth of the positive controls
(22) and indicative that 15 days would be the most reliable time for
MIC readings, as we propose in a tentative protocol (Table 5).

The ideal incubation temperature for dimorphic fungi can be
questionable. Several authors used a small range (35°C to 37°C)
for the MIC assays (6, 11-13, 15-21, 23), probably because in this
temperature range, the dimorphic fungus is found in the parasitic
tissue form when antifungal therapy is necessary. However, it
would also be interesting to compare the results from both condi-
tions and the environmental studies at room temperature. Our
results showed that the incubation temperature influenced the
MICs (P < 0.05) and that in general, higher MICs were obtained at
25°C than at 37°C. Few studies have presented MICs at both tem-
peratures. Nakai et al. (22) found higher MICs at 25°C than at
37°C for fluconazole, while higher MICs were observed at 37°C for
amphotericin B, and similar MICs were found at both tempera-
tures for itraconazole in RPMI 1640 medium. Our results also
showed higher MICs at 37°C for amphotericin B and similar MICs
for fluconazole at both temperatures when RPMI 1640 medium
was tested.

All of the tested media (standard RPMI 1640 broth, MVM
medium, and MMH medium) yielded significantly different re-
sults (P < 0.05). Higher MICs were obtained in RPMI 1640 me-
dium than in the other tested media. The medium proposed by the
NCCLS allowed adequate growth for all isolates, confirming re-
ports that it allows suitable visible growth of P. brasiliensis. How-
ever, the majority of the P. brasiliensis isolates showed either com-
plete or incomplete yeast-mycelium transition in this medium
during incubation at 37°C. This transition phenotype was also
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TABLE 3 MICs of amphotericin B, itraconazole, ketoconazole, fluconazole, sulfamethoxazole, sulfamethoxazole-trimethoprim, and terbinafine for
21 Paracoccidioides brasiliensis isolates in different culture media at 37°C after 15 days of incubation

MIC (mg/liter)

Sulfamethoxazole-

Amphotericin B Itraconazole Ketoconazole Fluconazole Sulfamethoxazole trimethoprim Terbinafine
Isolate  RPMI  MMH MVM RPMI MMH MVM RPMI MMH MVM RPMI MMH MVM RPMI MMH MVM RPMI MMH MVM RPMI MMH MVM
Edo1 1.0 0.25 1.0 0.015 0.0039  0.062 0.0039  0.0019  0.015 2.0 0.25 1.0 300 75 2.34 300 150 4.68 0.25 0.0078  0.25
1578 0.5 0.125  0.0078  0.031 0.0039  0.0039  0.0019 0.0019 0.0019 0.5 0.5 0.0078 300 375 117 75 37.5 1.17 0.25 0.25 0.0078
Pb01 1.0 0.25 —_ 0.0078  0.0039 — 0.0019  0.0019 — 0.5 0.25 —_ 150 75 —_ 150 75 —_ 0.125  0.015 —_
Pb4 1.0 0.125 1.0 0.062 0.0039  0.25 0.031 0.0019  0.031 8.0 1.0 1.0 300 150 4.68 300 150 4.68 0.5 0.125 1.0
Pb2 0.25 0.125  0.031 0.0078  0.0039  0.0078 0.0019 0.0019 0.0039 0.5 0.25 0.5 150 150 2.34 150 75 4.68 0.5 0.015 0.5
Pb03 1.0 1.0 0.5 0.015 0.0039  0.25 0.015 0.0019  0.031 2.0 1.0 2.0 300 150 4.68 300 300 9.37 0.5 0.062 1.0
Pb6 1.0 0.25 0.062 0.0078  0.0039  0.0078 0.0019 0.0019 0.0078 0.5 0.25 1.0 300 75 4.68 300 150 2.34 0.25 0.015 0.5
Pb5 1.0 0.25 0.125 0.015 0.0039  0.0078  0.0078  0.0019  0.0039 1.0 0.25 1.0 300 75 18.75 300 75 9.37 0.5 0.031 0.5
B339 1.0 0.125  0.031 0.0039  0.0039  0.0078 0.0019 0.0019 0.0078 0.5 1.0 1.0 150 150 9.37 300 150 9.37 0.25 0.031 0.5
Utero 1.0 0.25 1.0 0.0039  0.0039  0.015 0.0019  0.0019  0.0078 0.5 0.25 0.125 300 75 1.17 150 75 1.17 0.25 0.015 0.125
Pbl1 0.5 0.25 0.5 0.062 0.0039  0.015 0.031 0.0019  0.0078 8.0 0.5 0.5 150 9.37 117 150 18.75  1.17 0.5 0.031 0.5
Pb13 0.25 0.125 1 0.0039  0.0039  0.015 0.0019  0.0019  0.0039 0.25 0.125 0.5 150 75 4.68 300 150 4.68 0.25 0.015 1.0
Pb10 1.0 0.25 0.5 0.0078  0.0039  0.062 0.0019  0.0019  0.0078 2.0 0.125 0.5 150 75 2.34 150 75 4.68 0.5 0.015 0.5
Pb14 2.0 0.125 2.0 0.0078  0.0039  0.0039 0.0019 0.0019 0.0019 0.5 0.125  0.25 300 150 4.68 150 150 4.68 0.25 0.015 1.0
63265 1.0 0.25 0.5 0.0078  0.0039  0.0039 0.0019 0.0019 0.0039 0.5 0.25 0.25 300 375  1.17 150 75 1.17 0.125  0.015 0.25
Pb09 1.0 0.25 0.062 0.062 0.0039  0.0078  0.0039  0.0019  0.0078 1.0 0.5 1.0 300 150 18.75 300 300 9.37 0.5 0.015 1.0
Penguin 1.0 0.25 0.062 0.0039  0.0039 0.0078 0.0078  0.0019  0.0078 2.0 1.0 1.0 300 150 18.75 150 150 18.75 0.5 0.125 0.5
Tatu 1.0 0.25 0.5 0.0078  0.0039  0.0039  0.015 0.0019  0.0039 1.0 0.125  0.25 300 75 2.34 300 75 4.68 0.25 0.0078 0.5
Pb9 2.0 0.25 1.0 0.015 0.0039  0.015 0.0039  0.0019 0.0039 1.0 0.062  0.25 300 75 1.17 150 37.5 2.34 0.25 0.25 0.5
Pb8 1.0 0.25 — 0.062 0.0039 — 0.0039  0.0019 — 1.0 0.25 — 300 75 — 150 75 — 0.5 0.031 —
Pb18 1.0 0.25 0.031 0.0039  0.0039  0.0078 0.0019 0.0019 0.0078  0.25 0.25 1.0 300 150 18.75 150 150 4.68 0.25 0.031 1.0

—, no growth detected. RPMI, RPMI 1640 medium; MMH, MMH medium; MVM, MVM medium.

observed by other authors (22) in dimorphic fungi when MIC
assays with RPMI 1640 medium were conducted. This transition
phenomenon may influence the MIC results, as distinct structures
of the fungi (yeast-like form, hypha, and chlamydospore) may be
present in variable proportions in the wells at different time
points. We evaluated this transition phenotype in 14 of the P.
brasiliensis isolates used in this study and observed that the yeast-
mycelium transition started at 5 to 10 days of incubation. The
NCCLS M27-A2 protocol and some authors have suggested sup-
plementation of the RPMI1640 medium with 2% glucose for Spo-
rothrix schenckii dimorphic fungus (22, 34). We also tested this
increased glucose concentration in RPMI 1640 medium in the
MIC assays, but no differences in the yeast-mycelium transition
were observed. Interestingly, there was no yeast-mycelium transi-
tion in MMH or MVM medium. These observations suggest that
the composition of the medium used in the MIC assay probably
influences the changes in the morphology of this dimorphic fun-
gus at 37°C.

The MICs with MVM medium were similar to those found
with RPMI 1640 medium, except for sulfamethoxazole and the
combination of sulfamethoxazole-trimethoprim. In this particu-
lar case, the MICs were considerably lower than in RPMI 1640 or
MMH medium. These results are in disagreement with those of

other authors (6, 12) who utilized macrodilution techniques, al-
though only one isolate was analyzed in the studies by these au-
thors. The influence of different media upon MICs for sulfamide
derivatives was studied by other authors for Aspergillus spp. and
Cryptococcus spp. This influence, as found in this work, was ob-
served when these authors compared the results obtained in com-
plexes or synthetic media in the presence or absence of folic acid
supplementation (33). This may be due to the mechanism of ac-
tion of these drugs. In bacteria, sulfamide derivatives interfere
with the synthesis of folic acid by competing with p-aminobenzoic
acid (PABA) in a reaction catalyzed by dihydropteroate synthase.
Asa consequence, there is a depletion of intracellular folate, which
is essential for growth (26). This mechanism of action differs from
that of the other antifungal agents tested in this study. Sulfamide
derivatives are used frequently in Brazil for the treatment of PCM.
There are no reports in the literature on its mechanism of action
for P. brasiliensis. However, the complete genome of P. brasiliensis
(www.broadinstitute.org) shows the existence of sequences that
are similar to those for dihydropteroate synthase and dihydrofo-
late reductase. Although we do not know whether there is antag-
onism or synergism between sulfamide derivatives or the compo-
nents of MVM (35), our results suggest that this medium
influenced the MICs for all of the tested isolates. RPMI 1640 me-

TABLE 4 Fungicidal activities of amphotericin B, itraconazole, fluconazole, sulfamethoxazole, sulfamethoxazole-trimethoprim, and terbinafine
against 21 Paracoccidioides brasiliensis isolates in the RPMI and MMH MIC assays at 37°C*

% fungicidal activity in indicated medium

Sulfamethoxazole-
Amphotericin B Itraconazole Fluconazole Sulfamethoxazole trimethoprim Terbinafine
RPMI MMH RPMI MMH RPMI MMH RPMI MMH RPMI MMH RPMI MMH
100 100 57 100 43 52 62 66 52 71 57 48

“ RPMI, RPMI 1640 medium; MMH, MMH medium.
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TABLE 5 Conditions employed in previous studies and in the present work for determination of MIC against Paracoccidioides species complex: a

tentative protocol based on our present results®

Conditions Previous references

This work Proposed protocol

1 X 10%to 1 X 10° cells/ml (9, 15, 16, 18, 20, 21)
35-37°C, room temp (6, 11, 12, 15-21, 23)

Inoculum concn
Incubation temp

Media RPMI, MMH, MVM (9, 23, 30)
Reading time 72 h to 8 days (15-19)
Protocol Macro- and microdilution (6, 15-18)

1 X 10% 1 X10% and 1 X10° cells/ml 1 X 10° cells/ml

35-37°C, room temp 35-37°C

RPMIL,° MMH, MVM MMH and MVM?
7, 10, and 15 days 15 days
Microdilution Microdilution

2 RPMI, RPMI 1640 medium; MMH, MMH medium; MVM, MVM medium.

? MVM is to be used when necessary to test sulfamethoxazole and the combination sulfamethoxazole-trimethoprim.

¢ When employed at 37°C, mycelial morphology may be found.

dium is supplemented with PABA (0.001 g/liter) and folic acid
(0.001 g/liter). MVM medium is often used in MIC determina-
tions for P. brasiliensis by the broth macrodilution method (6,
15-18). MVM medium is a chemically defined medium that is
supplemented only with folic acid (0.0001 g/liter) at a quantity
much lower than that found in RPMI 1640 medium (30). We
tested the MVM medium in the microdilution assay. Reading the
MIC in plates was experimentally more difficult, mainly because
of the poor growth of some of the isolates. This poor growth was
also reported by other authors (36) that used the MIC assay with
MVM medium in other fungi.

MMH medium is not a chemically defined medium, and mi-
croorganisms can obtain folic acid or its precursors from different
sources. MMH medium was tested in our study because it was
previously used in MIC assays with agar dilution for P. brasiliensis
isolates (23), yielding values similar to those obtained in RPMI
1640 medium, and because yeast morphology was maintained at
37°C in this medium until the end of the protocol. Our results
showed that the MICs with MMH medium were similar to those
found with RPMI 1640 medium when sulfamethoxazole and the
sulfamethoxazole-trimethoprim combination were tested. How-
ever, the use of the sulfamide derivatives is unusual for the
treatment of other mycoses, and it became difficult to compare
the MICs of sulfamethoxazole and the sulfamethoxazole-tri-
methoprim combination.

Amphotericin B was found to have fungicidal properties
against all tested isolates in RPMI 1640 or MMH medium cul-
tures. Amphotericin B binds to the ergosterol and disrupts the
osmotic integrity of the fungal membrane, compromising its bar-
rier function (37). Hamdan and Resende (18) demonstrated that
the viability of P. brasiliensis progressively decreases as the time of
exposure to the drug increases. These authors also showed that K*
ions were liberated in a few minutes when the cells were incubated
with amphotericin B and that the liberation of proteins and nu-
cleic acids required a longer incubation period (18). The other
antifungal agents used in this study, such as azole derivates
(itraconazole and fluconazole) and sulfamide derivatives
(sulfamethoxazole and the combination of sulfamethoxazole-
trimethoprim), are fungistatic and act by competition in the er-
gosterol biosynthesis pathway and the folic acid biosynthesis path-
way, respectively (37). The fungicidal or fungistatic activity was
related to the tested concentration and the time of exposure. This
fact may result in different activities of P. brasiliensis yeast cells
(16). Our results suggest that incubation in RPMI 1640 or MMH
medium may have influenced the activity of these drugs, probably
by promoting different levels of growth of the isolates, as the fun-
gicidal activity of primary fungistatic agents was more evident in
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the MMH medium. The terbinafine activity against P. brasiliensis
is poorly understood because this drug is not frequently used for
PCM treatment. Our results demonstrated that terbinafine has
fungicidal activity mainly in RPMI 1640 medium. Hahn et al. (17)
found similar MICs for terbinafine and itraconazole against P.
brasiliensis by a macrodilution method. These authors attributed
this fact to the similar mechanisms of action of these antifungals.
To our knowledge, this is the first report of the classification of
antifungals as fungicidal or fungistatic against this dimorphic
fungus.

The absence of interpretative breakpoints for the antifungal
agents against P. brasiliensis makes it difficult to classify the iso-
lates as susceptible or resistant. These breakpoints could be
achieved by clinical laboratory studies, which are, unfortunately,
scarce. Based on other in vitro studies (6, 11-13, 15-19, 22, 23), all
of the isolates used in this work were susceptible to all of the tested
antifungals under all experimental conditions. In the literature,
there is a single reference to an isolate that was considered resistant
to trimethoprim-sulfamethoxazole (MIC = 320 mg/liter) (6).
However, in the present work, MICs around 300 mg/liter for sul-
famethoxazole and for the combination of sulfamethoxazole-tri-
methoprim were registered for various isolates when RPMI 1640
and/or MMH medium was used.

In conclusion, this investigation demonstrated that the mi-
crodilution assay for the Paracoccidioides species complex can be
affected by different factors. There was not sufficient growth after
7 days of incubation for a number of isolates, and better results
were obtained after 15 days of incubation for all of the experimen-
tal conditions when initial inocula of 10° cells/ml were used (Table
5). Our results demonstrated that the MICs may change depend-
ing on the medium used. We found higher MICs with RPMI 1640
medium for all antifungal agents and all tested isolates, which
correlated with the transition morphology of yeast to mycelium
during the test. Indeed, the variations of MICs were more prom-
inent in RPMI 1640 medium than in MMH or MVM medium
when the time of incubation was evaluated. The temperature di-
rectly influenced the MICs, with higher MICs found at room tem-
perature. More studies are still necessary to better understand the
physiology of this fungus, as our RPMI 1640 MIC assays demon-
strated that temperature does not appear to be the only factor
responsible for morphology transition in the Paracoccidioides spe-
cies complex. This fact may compromise the reliability of the MIC
results when RPMI 1640 medium is used. On the other hand,
MMH medium appears to be a suitable test medium for suscepti-
bility testing of antifungal drugs with P. brasiliensis, except for
sulfametoxazole and the combination of sulfamethoxazole-tri-
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methoprim, with which the MVM medium gave better results, as
indicated in the tentative protocols presented in Table 5.
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