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Abstract
Rhizopus is fungus of the order Mucorales, responsible for invasive diseases

called mucormycosis. The correct identification of these fungi is one of the
main questions raised in the literature since the diagnosis is not simple, being
the necessary detection in biopsies of infected tissues and isolation of the microorganism for identification by morphological and molecular methods. In
vitro susceptibility testing results are not fully clear since there are reports
showing that in vitro resistance does not always mean therapeutic failure. This
paper describes a case of rhino-orbito-cerebral mucormycosis in a patient
with alcoholic chronic pancreatitis and secondary mellitus diabetes involving
microbiological diagnostic, antifungal susceptibility tests for conidia and hypha and clinical correlation. The causative agent was identified by morphological characteristics and DNA sequencing. Minimal Inhibitory Concentration (MIC) for amphotericin B (AMB), itraconazole (ITZ) and terbinafine
(TERB) was determined by broth microdilution method. Standardization of
the dynamic growth evaluation patterns using the automated system BCT
(BioCell-Tracer®) was obtained allowing to determining hyphae growth control and evaluating the effect of different concentrations of amphotericin B,
itraconazole and terbinafine directly on growing hyphae. The fractional inhibitory concentration (FIC) for the combination of the two antifungals that the
patient received at the same time, terbinafine and itraconazole, was also determined trying to correlate with clinical outcome. Strains isolated of retro-orbital abscess were identified as Rhizopus oryzae. MIC results (MIC)
testing conidia showed high sensibility to amphotericin B and itraconazole in
comparison to the obtained for terbinafine. The tests in the automated system
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BCT using hyphae showed sensibility to all tested antifungal agents and the
FIC results for combination in vitro between terbinafine and itraconazole
showed synergism consistent with the therapeutic success obtained for the patient who received initial treatment with amphotericin B followed for maintenance treatment with the combination itraconazole and terbinafine

Keywords
Antifungal Susceptibility Testing, Mucorales, Terbinafine, Amphotericin B,
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1. Introduction
Mucormycosis is an invasive and difficult to treat opportunistic infection, caused
by fungi of the order Mucorales, with poor prognosis in imunocompromissed
patients. It occurs mainly in patients with hematologic malignancies, transplant
recipients, diabetics, neutropenics or in steroid therapy. Rhizopus oryzae is the
main causative agent of mucormycosis, whereas entomophthorales Mucor, Rhizomucor and Cunninghamella bertholletiae are less found. Mucormycosis describes infections characterized by one or more of a triad of rhinocerebral, pulmonary and disseminated disease [1]. The standard therapy for invasive mucormycosis includes reversion of the underlying predisposing factors (if possible), wide-spread surgical debridement of the infected area and adjunctive antifungal therapy, generally with amphotericin B. Many times high doses are required, with limited therapeutic activity and frequently high nephrotoxicity, being not effective particularly in disseminated infections [2]. The diagnosis mucormycosis is not simple and can be confirmed by biopsy of affected tissues,
when accessible, and isolation of the causative agent for identification by morphological and molecular methods [1]. The epidemiology and immunopathogenesis of mucormycosis are poorly understood [3] being important the antifungal
susceptibility testing to guide treatment associated to the correct identification of
the etiologic agent, since different genus and species have different behaviors
against antifungals agents. Performing antifungal susceptibility tests enables the
identification of therapeutic failures by establishing the microbiological or clinical resistance and also allows the evaluation of therapeutic. Antifungal susceptibility testing by broth microdilution method for Rhizopus oryzae and other filamentous fungi have been established by CLSI M 38 A2 [4], no endpoint were
defined. Several reports have shown that resistance in vitro does not always
mean therapeutic failure [5]. Questions remain about whether the spore form
would be suitable for the antifungal assay whereas in infected tissue, hyphae are
the predominant forms [6]. Some studies using other species of fungal hyphae
from showed that this form can respond to lower concentrations of antifungal
agents than conidia. The determination of MIC (Minimal Inhibitory Concentrations) for moulds could be more reliable with utilization of a method capable to
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quantify the inhibition of hyphal growth in vitro in real time. This quantification
permits to mimic a growth situation similar to what happens in the human body
[7]-[12]. For the analysis of hyphae growth, it is necessary to standardize the experiment for each microorganism genus considering its particular growth characteristics. The Biocell-tracer ® (BCT) method proposes the analysis of the stage
of emergence of hyphae and all subsequent stages to determine the antifungal activity, together with records and charts that are automatically generated for better
evaluation [7]-[12]. There are few articles in the literature on dynamic assessment
of fungal growth and its rate of growth inhibition in touch with antifungal agents
and none available with Mucorales [6] [8] [9] [10] [11] [12]. This article describes
a case of rhino-orbito-cerebral mucoralomycoses due to Rhizopus oryzae in a patient presenting alcoholic chronic pancreatitis and secondary mellitus diabetes,
diagnosed by morphological and molecular methods, antifungal susceptibility
testing with conidia and hyphae, interaction obtained by the combination of antifungal agents and clinical correlation of laboratory results and clinical outcome.

Case Report
A 39-year-old man was hospitalized in the Hospital & Clinics of the University
of Campinas, São Paulo, Brazil in January 2011, with a severe pain in the left
ocular movement, decreased vision and edema. Patients’ previous conditions
were diabetes mellitus type II and chronic alcoholism. Culture from the retroorbital abscess revealed filamentous fungi morphologically identified as Rhizomucor sp. The left orbit was enucleated and patient was treated with AmB
deoxycholate for 14 days, liposomal AmB for 7 days followed by Itra 300 mg/day
plus Terb 250 mg/day until April 2012. In the follow-up visit in May 2014 the
patient did not present any sign of reactivation of the fungal infection.
The strains isolated from retro-orbital abscess were identified as Rhizomucor
sp. The isolates that were inoculated in Sabouraud dextrose agar for 48h at 25oC
showed fast-growing colonies. The colonies appeared a fluffy growth with cotton
candy texture, initially white-gray turning dark brown as they became old, while
the reverse were bright yellow [13]. Microscopic observation showed irregularly
branched rhizoids located at points on the stolon between the sporangiophores
and spherical sporangia around 60 - 100 µm in diameter. Molecular identification
was performed by sequencing the D1/D2 domain region of the constituent ribosomal 28S DNA using the primer pair: forward NL1 (5'-GCATATCAATAAGC
GGAGGAAAAG-3') and reverse NL4 (5'-GGTCCGTGTTTCAAGA CGG-3').
The strain was cultured in potato dextrose agar (Difco) at 28˚C for 2 days and
the DNA was extracted from mycelium using High Pure PCR Template Preparation kit (Roche Applied Science, Germany), according to the manufacturer’s
specifications. Sequencing reactions were performed using the Big DyeTM Terminator v.3.1 Kit (Applied Biosystems) in a thermocycler Veriti 96 Well Thermal Cycler (Applied Biosystems). The forward and reverse sequences were
aligned in ATSQ program (Software Japan Inc., Japan) and the homology with
other sequences was assessed using BLAST (http://blast.ncbi.nlm.nih.gov) and
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Biolomics (http://www.cbs.knaw.nl/). The DNA sequences obtained in our laboratory were identical to the sequences obtained in the Medical Mycology Research
Center-Chiba/Japan. The isolate was classified as Rhizopus oryzae with 100% similarity in the following databases accessed on February 18, 2014.: BLAST (Basic
Local Aligment Search Tool, available in http://blast.ncbi.nlm.nih.gov/Blast.cgi)
and Biolomics (http://www.cbs.knaw.nl/).
We performed in vitro susceptibility testing to AmB, Terb and Itra, by broth
microdilution method [5] with a final inoculum of 4.0 × 104 spores/mL.
Broth microdilution combination test with Terb and Itra was performed using
the “chessboard” methodology to determine the fractional inhibitory concentration (FIC) and the interaction between the antifungal agents (synergism (FIC ≤
0.5); indifference (0.5 < FIC ≤ 4) and antagonism (FIC > 4) [10].
The monitoring of hyphae growth inhibition was performed in the BioCellTrace® system (BCT) (Hidan Co.,Chiba, Japan) that can monitor the growth rate
change of a single hypha at every 30 s to a precision of 0.1 µm min−1 [7] [8]. One
µL containing 105 spores was dropped in the centre of a culture vessel, coated
with 0.02% (W/V) poly-L-lysine (Sigma Chemical), and kept for 60 min at room
temperature. After the incubation, the culture vessel was gently washed with 250
µL of sterile RPMI 1640. Two mL of RPMI were added to the culture vessel and
incubated for 18 to 24 h at 35˚C. After the last incubation, BCT started to monitor the selected hyphae that grew horizontally at the vessel bottom. Growth rate
was measured every 3 min.
Spore MICs concentrations for AmB, Itra and Terb alone and Itra and Terb
combination were determined by broth microdilution method (CLSI). Spore
MICs concentrations for AmB, Itra and Terb alone and the combination of serum concentrations of Itra (0.15 a 0.35 µg/mL) and Terb (around 1.0 µg/m) were
also analyzed in BCT. The time of experiment was 0 - 15 minutes for Pré-exposure
period and after addition of the antifungal agents, Exposure period was extended
as much as possible to permit observation of some effect especially when working with the very low serum concentrations.
The spore MIC value of AmB determined by the broth dilution method was
0.25 µg/mL with 92.57% hyphae growth inhibitory ratio determined by BCT. For
Itra the MIC value was 1.0 µg/mL that promoted no hypha growth inhibition on
BCT. Spore MIC value for Terb was ≥128 µg/mL and the hyphae growth inhibitory ratio determined by BCT for 128 µg/mL was 98.70%.
Combination in vitro between terbinafine and itraconazole using the “chessboard” methodology [14] showed synergism with FIC = 0.3. The hyphae growth
inhibitory ratio for the serum concentrations of Itra combined with Terb was
49.3% (Figure 3) and could be observed only after 90 minutes of experiment.

2. Materials and Methods
2.1. Microorganism Isolation and Identification
Sample of retro-orbital abscess was collected and cultures were performed in
DOI: 10.4236/ojmm.2018.81001
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Sabouraud Dextrose agar slants (Difco, Sparks, Maryland, USA) at room temperature. The genus was identified by the classical method that involves phenotypic identification based mainly on morphological characteristics [15].
The species level identification was performed by sequencing the D1/D2 domain region of the constituent ribosomal 28S DNA using the following primer
pair: forward NL1 (5'-GCATATCAATAAGCGGAGGAAAAG-3') and reverse
NL4 (5'-GGTCCGTGTTTCAAGACGG-3') at the Laboratory of Molecular Epidemiology, FCM-UNICAMP [16]. The strain was cultured in potato dextrose
agar (Difco, Sparks, Maryland, USA) at 28˚C for 2 days and the DNA was extracted from mycelium using the kit High Pure PCR Template Preparation
(Roche Applied Science, Germany) according to the manufacturer’s specifications. Sequencing reactions were performed using the Big DyeTM Terminator
v.3.1 Kit (Applied Biosystems, Foster City, CA, USA) in a thermocycler Veriti 96
Well Thermal Cycler (Applied Biosystems, Foster City, CA, USA). The forward
and reverse sequences obtained were aligned in ATSQ program (Software Japan
Inc., Japan) and the homology with other sequences was assessed using BLAST
(http://www.westerdijkinstitute.nl/) and Biolomics.

2.2. Preparation for Monitoring by BioCell-Tracer System
Plastic tissue culture dishes (35 × 10 mm, Corning® CellBIND, NY, USA) were
used as culture vessels. The conidial cells from 3-day cultures maintained in potato dextrose agar slants (PDA) at 25˚C were harvested with sterile saline water.
The resulting mixture of conidia and hyphae was transferred to a sterile tube and
was vortexed for 1 min. Heavy suspension particles were allowed to settle for 3 5 min. and the upper homogeneous suspension was collected for inoculum adjustment to 1 × 105 conidia/ml by use of Neubauer haemocytometer. One µL (105
conidia) of the suspension were dropped into the centre of a culture vessel bottom
coated with 0.02% (W/V) poly-L-lysine (Sigma Chemical Co., Ltd., St. Louis, Mo.,
U.S.A). The vessel was kept for 60 min at room temperature then gently washed
with 250 µL of sterile RPMI 1640. By this procedure, conidia not adhered to the
poly-L-lysine were washed out. After addition of 2 ml of RPMI into the culture
vessel, it was incubated for 18 to 24 h at 35˚C. Then, an appropriate hypha that
was growing horizontally at the vessel bottom was selected and monitored by the
BioCell-Trace® system (Hidan Co., Ltd., Chiba, Japan). BCT® can detect the
growth rate change of a single hypha at every 30s to a precision of 0.1 µm min−1. Its
growth rate was measured for about 3 - 3 min. The time of experiment was 0 - 15
minutes for Pré-exposure period and 60 minutes for Exposure period.

3. Results
Strains isolated of retro-orbital abscess were identified as Rhizomucor sp. by
fast-growing colony, spreading all the dishes in 48h at 25˚C on SDA. The colonies appeared fluffy growth with texture of cotton candy, initially white-gray and
becoming dark brown with age, while the reverse were bright yellow [14]. By
DOI: 10.4236/ojmm.2018.81001
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microscopic observation irregularly branched rhizoids were found a), located at
points on the stolon between the sporangiophores b) and spherical sporangia
that were around 60 - 100 µm c) in diameter (Figure 1).
After DNA sequencing with confirmation of the sequences obtained by the
Medical Mycology Research Center-Chiba/Japan the isolated microorganism
was classified as being Rhizopus oryzae with 100% similarity in the following databases accessed on February 18, 2014.: BLAST (Basic Local Aligment Search Tool,
available in http://blast.ncbi.nlm.nih.gov/Blast.cgi) and Biolomics.
The MIC value of AmB against Rhizopus oryzae determined by the broth dilution method was 0.25 µg/mL, although the inhibitory ratio of hyphae growth
determined by BioCell-Trace® for this concentration to AmB was 88.25% during
exposure to drugs (Exp-GR). For 0.125 µg/mL the inhibition ratio was 81.61%
(Exp-GR). The MIC value of Itraconazole determined by the broth dilution method was 1.0 µg/mL. The inhibitory ratio of the hyphae growth determined by
BioCell-Trace® for this concentration to Itraconazole was 12.41% (Exp-GR). For
0.5 µg/mL the growth inhibition ratio was 0.0% (Exp-GR). The MIC values of
terbinafine determined by the broth dilution method was >128 µg/mL. The inhibitory ratio of the hyphae growth determined by BioCell-Trace® for this concentration to terbinafine was 98.70% (Exp-GR). For 64 µg/ml the inhibition ratio
was 97.44% (Exp-GR) (Figure 2). The result of the test of the combination in vi-

tro between terbinafine and itraconazole accomplished by using the methodology of the “chessboard” [17] showed synergism. The inhibitory ratio of the hyphae growth determined by BioCell-Trace® for this concentration to terbinafine
combined with itraconazole was 49,3% (Exp-GR) (Figure 3).

4. Discussion
The morphological and molecular identifications for this isolate were discordant
since it was identified as Rhizomucor sp. by morphology and as Rhizopus oryzae
after DNA sequencing. Some studies in the literature have also reported disagreement between these two methodologies showing that the strains usually in
disagreement are also regarded as Rhizopus oryzae [13] [17] [19]. Morphologic
identification at the genus level is frequently imprecise. Study with 20 mucorales
isolates using the automated rep-PCR and ITS sequences as molecular tools

Figure 1. Characteristic structures of Rhizomucor sp. observed with cotton blue lactophenol.
DOI: 10.4236/ojmm.2018.81001
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Figure 2. Dynamic response curves of Rhizopus oryzae to various concentrations of amphotericin B (AmB), Itraconazole (ITZ) and Terbinafine (TERB).

Figure 3. Dynamic response curves of Rhizopus oryzae to combination of Itraconazole
(ITZ) and Terbinafine (TERB).

showed 100% concordance to each other but only 74% concordance between
morphologic and sequence-based identification for the determination of the genus [13]. Many laboratories not identify genus and the species is often omitted
in the literature since these consider this difficult task, especially when the observations do not match the descriptions or illustrations of the literature [20].
The application of molecular biology techniques in the identification of mucorales species is complicated by the fact that these are genetically different from
most opportunistic fungi. However, the development of new techniques may
enable a more accurate diagnosis than the diagnosis obtained with conventional
methods [21]. Culture is still the method most used and many published studies
do not report the identification of species and some noted a discrepancy in the
determination of genus based on morphology and sequencing [19]. Molecular
techniques show a great potential to identify quickly and accurately the etiologic
DOI: 10.4236/ojmm.2018.81001
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agents of mucormycosis. However, detection of molecular assays for these fungi
are still not widely available [16].
The information available in databases are still limited, there are few data in
the literature for this group of micro-organisms. Thus, the need of the more sequences deposited in the databases to enable precise identification of Mucorales
may contribute to research on the effectiveness of antifungal since many articles
reported differences in the profiles of in vitro susceptibility among species and
genus of Mucorales against different antifungal agents. The results of the tests of
the minimum inhibitory concentration (MIC) of our study using conidia of
strain Rhizopus oryzae showed high sensibility to the amphotericin B and itraconazole in comparison to the terbinafine. The tests in the automated system
BCT using hyphae showed sensibility of the strain to the tested antifungal agents
and the test of the combination of terbinafine and itraconazole showed synergism being consistency with therapeutic success of the patient which received initial treatment with amphotericin B and then as maintenance treatment the combination of itraconazole and terbinafine. Some articles reported that azole compounds alone or in combination has beneficial effects in animal models infected
by Rhizopus sp., and may provide alternatives to the treatment of the mucormycosis [22] [23] [24]. There are no reports in the literature on standardization
of automatic growth Biocell-Tracer to strains of Mucorales isolates. There are
few articles in the literature on dynamic assessment of fungal growth and its rate
of growth inhibition in touch with antifungal agents. Some studies using hyphae
of the other fungal species showed that the shape of hyphae can respond to lower
concentrations of the antifungal agents conidia and may have a better correlation with the effect of the antifungal treatment in the infections since the hyphae
is the predominant shape in infected tissue. The standardization of the test of
assessment dynamic growth for the strain of Rhizopus oryzae in our study
showed different results of the standardization for Aspergillus sp. [25] [13] and
dermatophytes [12], whereas the mucorales have a behavior completely different
from other fungi studied in the literature being necessary several tests and the
adaptation of the methodology in our study. That is because the growth of these
fungal to be faster being on average of the 9 μm/3min while for dermatophytes
this growth ranged from 0.35 to 2.02 μm/10min, 1.63 to 8.71 for Aspergillus and

Fusarium 1.0 - 6.5 μm/5min. Thus more studies of the antifungal susceptibility
tests alone or in combination for mucorales are needed to help with the appropriate treatment and standardization of the methodology since the broth microdiluiton method is standardized only for some filamentous fungi such as species
of the Fusarium sp., Aspergillus sp., Rhizopus sp., Pseudallescheria boydii and

Sporothrix schenkii and each species has a different behavior in the test being
important the standardization of the methodology. It is also important to conduct further studies using the method of growth dynamic evaluation what may
present a better clinical correlation, whereas the form of hyphae is the morphological form present in tissues of infected individuals.
DOI: 10.4236/ojmm.2018.81001
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