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Abstract

Background: Testing for antifungal susceptibility to newly introduced drugs is standardized through the clinical laboratory stan-
dard institute (CLSI) broth micro-dilution method for testing of molds (M38-A2), yet is difficult to use routinely.
Objectives: To compare two agar-based diffusion methods on two types of media for fungal drug sensitivity testing. Materials and
Methods: The E-test method and the disc diffusion method were used on non-supplemented Muller Hinton agar (MHA) and RPMI
for evaluating the in-vitro susceptibility of 48 clinical isolates of filamentous fungi to amphotericin B, itraconazole, voriconazole,
and caspofungin.
Results: Categorical agreement between E-test and disc diffusion method for itraconazole and voriconazole was 100%, yet for am-
photericin B on MHA agar was 66.67%, and on RPMI, it was 47.92%. The correlation coefficient (R) between the inhibition zone diam-
eters when using MHA and RPMI for itraconazole, voriconazole, amphotericin B and caspofungin was +0.745, +0.901 +0.649, and
+0.409, respectively.
Conclusions: Routine antifungal susceptibility testing using disk diffusion can be implemented in routine microbiology work up
in limited resources.
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1. Background

Fungal infections are increasing worldwide due to in-
creased incidence of immunocompromised patients ei-
ther through diseases of the immune system or through
the use of immunosuppressive agents (1).

Available antifungal drugs are expanding with intro-
duction of new agents, such as triazoles and echinocan-
dins, with the development of resistance to standard used
antifungal drugs, such as amphotericin B (2).

Testing for antifungal susceptibility to these drugs is
standardized through the clinical laboratory standard in-
stitute (CLSI) broth micro-dilution method for testing of
molds (M38-A2) as the reference gold standard procedure,
yet is difficult to use routinely in a clinical lab (3).

Various antifungal susceptibility (AFS) testing for fila-
mentous fungi have been proposed, including disk diffu-
sion (DD), E-test, and other commercial tests aimed at stan-
dardizing an ideal susceptibility method that is easy, repro-
ducible, accurate, and cost-effective (4). E-test is one of the
alternatives yet requires a special media (RPMI 1640 or Ca-

sitone agar) and sometimes shows higher MIC values (5).

In 2010, CLSI published a reference method (M51-
A) for disk diffusion antifungal susceptibility testing of
non-dermatophyte filamentous fungi. This document de-
scribes guidelines for testing the susceptibility of oppor-
tunistic molds to triazoles, amphotericin B, and caspofun-
gin (6).

In this study, two agar-based diffusion methods were
compared, the E-test method and the disc diffusion
method, for evaluating the in vitro susceptibility of 48
clinical isolates of filamentous fungi, including Aspergillus
spp. and Fusarium spp., other molds to amphotericin B,
itraconazole, voriconazole and caspofungin. Disc diffu-
sion method was performed on two media for comparison;
non-supplemented Muller Hinton agar (MHA) and RPMI.

The agreement between E-test minimum inhibitory
concentrations (MIC) and zone diameters of categorical
susceptibility as proposed by CLSI document M51-A 2010,
was determined.
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2. Methods:

2.1. Fungal Isolates

Forty-eight filamentous fungi isolates were collected
from different clinical samples of patients, admitted to
Kasr Al-Ainy Hospital, a tertiary care academic medical hos-
pital of Cairo University, Egypt. An informed written con-
sent was obtained from each patient admitted to the hos-
pital and participating in the study. Clinical pathology de-
partment, faculty of medicine, and Cairo University ethical
committee approved the research, as it was performed on
routine samples provided to the department lab. No extra
samples were withdrawn for the sake of the research.

2.2. Susceptibility Testing and Breakpoints

Both E-test and disc diffusion susceptibility testing
were done for isolates according to CLSI guidelines and as
described before (6, 7).

Isolates were cultured on Sabouraud Dextrose agar
(SDA) for five to seven days at 35°C to obtain adequate
amounts of spores; the conidia of the isolates were mixed
in sterile saline with two drops of 0.05% tween 20. The tur-
bidity of the mixture was adjusted spectrophotometrically
to optical density range of 0.09 to 0.11 at 530 nm (equiva-
lent to106 spores/mL).

2.3. E-Test ( for Amphotericin B, Itraconazole, Voriconazole and
Caspofungin)

RPMI 1640, supplemented with 1.5% agar and 2% glu-
cose and buffered to pH 7.0 with 0.165 M Morpholine
Propane Sulfonic acid (MOPS) buffer (Sigma, St. Louis, MO)
was used in 9-cm diameter plates containing RPMI media
at a depth of 4.0 mm.

The MIC or minimum effective concentration (MEC) in
case of caspofungin only was determined after 24 and 48
hours of incubation at 35°C. The MIC was determined at the
point of significant inhibition of fungal growth, whereas
MEC was defined as the lowest concentration leading to
aberrant growth. The MIC values were interpreted accord-
ing to CLSI guidelines (3).

2.4. Disk Diffusion Method

The entire surface of each 90-mm non-supplemented
MH agar plate and RPMI 1640 plate was inoculated with
undiluted inoculum suspension. Disks for itraconazole (10
µg), voriconazole (1µg), amphotericin B (10µg), and caspo-
fungin (5 µg) were obtained commercially (Liofilchem®
Italy) and placed on the surface of agar plates, according
to CLSI guidelines (6).

After using the discs, the plates were incubated at 35°C
for 24 hours. Zone diameters were measured to the nearest

whole millimeter at a point, in which there was a promi-
nent reduction of growth (80% for azoles and caspofungin)
or no visible growth (100% inhibition for amphotericin B)
(8).

Disc diffusion inhibition zone diameters were catego-
rized to susceptible, intermediate, and resistant according
to epidemiologic cut off values proposed elsewhere (8, 9).
Results were correlated with MIC determined by E-test to
determine categorical agreement between both methods.
Details are shown in Table 1.

2.5. Data Analysis

In the current study, the researchers determined the
categorical agreement level between E-test (MIC) and disc
diffusion diameters, as opposed to the following disagree-
ment parameters: very major error – resistant parameter
(R) in E-test and susceptible (S) in disc diffusion; major er-
ror – S by E-test and R by disc diffusion; minor error – shifts
between S and intermediate or intermediate and R. Statis-
tical analysis was performed using SPSS 13.0 for Windows,
by linear regression analysis and the computation of Pear-
son’s correlation coefficients between the normalized Log
transforms of MIC endpoints and the inhibition zone di-
ameters of the four antifungal agents.

3. Results

In the current study, 48 filamentous fungi isolates were
collected from different clinical samples, including tissue
biopsies 37.5% (n = 18), bronchoalveolar lavage 20.8% (n =
10), ear swab 14.6% (n = 7), pus 12.5% (n = 6), sputum 8.3% (n
= 4), ascitic fluid, synovial fluid, cerebrospinal fluid, each
2.1% (each n = 1).

Identification of the species was done according to
colony morphology and microscopic examination of coni-
dia. Aspergillus fumigatus accounted for 35.4% of the iso-
lates, while 31.2% were Aspergillus flavus, 11.3% were As-
pergillus niger, whereas 10.4% were Fusarium spp., similarly
4.1% were Aspergillus terreus, and finally 2.1% accounted for
each of Fonsecaea pedrosoi, Bipolaris spp. and Penicillium
spp. However, a single isolate could not be identified at the
species level.

Antifungal susceptibility testing results showed that
95.8% of the isolates were sensitive to itraconazole, and
91.7% were sensitive to voriconazole. Regarding caspofun-
gin, 98% of the isolates were sensitive. For amphotericin
B, discrepancy was noticed, where sensitivity ranged from
79.1% to 27.15% when using different testing methods and
media. Details are shown in Table 2.

Categorical agreement for itraconazole between E-test
and disc diffusion method using both MHA and RPMI agar
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Table 1. Interpretative Criteria for Aspergillus spp. and Other Molds with Amphotericin B, Itraconazole, Voriconazole and Caspofungin

E-Test, µg/mL Disc Diffusion, mm

(A): Interpretation Criteria for Aspergillus spp. and Other Molds with Amphotericin B

Sa ≤ 1 ≥ 15

Ib 2 13 - 14

Rc ≥ 4 ≤ 12

(B): Interpretative Criteria for Aspergillus spp. and Other Molds with Itraconazole

Sa (A. fumigatus, A. flavus, A. nidulans, A. terreus) ≤ 1 ≥ 17

Sa (A. niger) ≤ 2

Ib 2 14 - 16

Rc ≥ 4 ≤ 13

(C): Interpretative Criteria for Aspergillus spp. and Other Molds with Voriconazole

Sa (A. fumigatus, A. Flavus, A. terreus) ≤ 1 ≥ 17

Sa (A. niger, A. nidulans) ≤ 2

Ib 2 14 - 16

Rc ≥ 4 ≤ 13

(D): Interpretative Criteria for Aspergillus spp. and Other Molds with Caspofungind

Sa (A. fumigatus, A. nidulans) ≤ 0.5 ≥ 17

Sa (A. flavus, A. terreus, A. niger) ≤ 0.25

Ib 2 14 - 16

Rc ≥ 4 ≤ 13

aSensitive.
bIntermediately sensitive.
cResistant.
dFor caspofungin minimum effective concentration (MEC) was used in place of MIC. In disk diffusion micro colonies or trailing growth within a well-defined zone of
inhibition was ignored when testing caspofungin.

in the current study was 100%. The correlation coefficient
(R) between Log2 MICs and the inhibition zone diameters
for itraconazole when using MHA was -0.481, and when us-
ing RPMI, this was -0.585 (inversely proportional relation)
(Figure 1A - 1B).

The correlation coefficient (R) between the inhibition
zone diameters for itraconazole when using MHA and
RPMI was +0.745 (direct proportion relation). The corre-
lation coefficient (R) between Log2 MICs and the inhibi-
tion zone diameters for voriconazole, when using MHA,
was -0.310, and when using RPMI, was -0.319. The correla-
tion coefficient (R) between the inhibition zone diameters
for voriconazole, when using MHA and RPMI was +0.901
(Figure 1A - 1C). Categorical agreement result is to be men-
tioned before results of correlation coefficient. Categorical
agreement for voriconazole between E-test and disc diffu-
sion method using both MHA and RPMI agar in the current
study was 100%.

The lowest categorical agreement obtained in this
study was with amphotericin B; for E-test with disc diffu-
sion on MHA agar, this was 66.67% with 14 major errors and

two minor errors. However, with disc diffusion on RPMI,
categorical agreement was 47.92% with 21 major errors and
four minor errors. The correlation coefficient (R) between
Log2 MICs and the inhibition zone diameters for ampho-
tericin B when using MHA was -0.599 and when using RPMI
was -0.554. The correlation coefficient (R) between the inhi-
bition zone diameters for amphotericin B when using MHA
and RPMI, was +0.649 (Figure 1D).

Categorical agreement for caspofungin between E-test
and disc diffusion method using both MHA and RPMI agar
in the current study was 100%, with data lacking for a single
isolate (i.e. tested isolates were 47). The correlation coeffi-
cient (R) between the inhibition zone diameters for caspo-
fungin when using MHA and RPMI was +0.409 (Figure 1E).

In all the above cases, the computed R values exhibited
statistical significance with P value of < 0.05

Nevertheless, no correlation coefficient (R) could be
obtained between Log2 MICs and the inhibition zone diam-
eters for caspofungin when using MHA or RPMI.
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Figure 1. A, The correlation coefficient R between Log2 minimum inhibitory concentration and the inhibition zone diameters for Itraconazole (ITC) using Muller Hinton agar
(MHA); B, the correlation coefficient R between inhibition zone diameters on Muller Hinton agar (MHA) and RPMI agar for Itraconazole (ITC); C, the correlation coefficient R
between inhibition zone diameters on Muller Hinton agar (MHA) and RPMI agar for Voriconazole (vori); D, the correlation coefficient R between inhibition zone diameters
on Muller Hinton agar (MHA) and RPMI agar for Amphotericin B (AMB); E, The correlation coefficient R between inhibition zone diameters on Muller Hinton agar (MHA) and
RPMI agar for Caspofungin (caspo).

4. Discussion

Availability of a standardized affordable and easy to
perform method for antifungal susceptibility testing of fil-

amentous fungi is essential, especially for immunocom-
promised patients (10).

The aim of the present work was to determine a less
labor-intensive, cheap and easy to interpret method for
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Table 2. Results for Antifungal Susceptibility Testing Using E-Test and Disc Diffusion
Methods

Result Isolatesa

E-test Itraconazole
S 46 (95.8)

R 2 (4.2)

DD Itraconazole
S 46 (95.8)

R 2 (4.2)

E-test Voriconazole
S 44 (91.7)

R 4 (8.3)

DD Voriconazole
S 44 (91.7)

R 4 (8.3)

E-test Amphotericin B
S 38 (79.1)

R 10 (20.8)

DD Amphotericin B on MHA

S 22 (45.8)

I 2 (4.2)

R 24 (50)

DD Amphotericin B on RPMI

S 13 (27.1)

I 4 (8.3)

R 31 (64.6)

E-test Caspofungin
S 47 (98)

R 0 (0)

DD Caspofungin
S 47 (98)

R 0 (0)

aValues are expressed as No. (%).

antifungal susceptibility testing through comparison be-
tween the two commonly used methods of antifungal sus-
ceptibility testing; disc diffusion method and E- test.

Although clinical breakpoints have not been estab-
lished for mold testing, ECVs are available for Aspergillus
spp. versus triazoles and Amphotericin B (11, 12). Never-
theless, ECVs can not predict clinical outcome of therapy
yet they may aid in detecting isolates with reduced drug
susceptibility (non-wild type strains) harboring resistance
mutations (13). The wild type strain is defined here as
in other studies as the population of organism/MICs in a
species-drug combination with no detectable acquired re-
sistance mechanisms (14, 15).

Invasive aspergillosis has emerged as the leading cause
of morbidity and mortality in immunocompromised pa-
tients (16). In the present study, A. fumigatus accounted for
35.4% of the isolates, followed by A. flavus, that represented
31.2% of the isolates. Obviously, these two isolates com-
prised more than 60% of the filamentous fungi isolated in
the current lab. Similarly, many authors reported that A. fu-
migatus is the most frequently isolated species in case of in-

vasive aspergillosis, followed by A. flavus, A. niger, and A. ter-
reus (17, 18). In certain hospitals, A. flavus is more common
than A. fumigatus, yet, actually the reasons for increased
numbers of non-A. fumigatus infections are not fully under-
stood (19).

In the current study, 95.8% of the isolates were sensi-
tive to itraconazole, 91.7% were sensitive to voriconazole,
and 98% were sensitive to caspofungin. Categorical agree-
ment obtained in this study for azoles was close to what
was reported by Colosi et al. who found 97% agreement
for itraconazole and 96% for voriconazole and caspofun-
gin (8). However, other studies reported 83% agreement for
itraconazole (9).

Serrano et al. compared a disk diffusion method with
E-test procedures in susceptibility tests with voriconazole
for 77 isolates of Aspergillus spp. The authors noted an excel-
lent correlation between 24-hour zone sizes and MICs ob-
tained with the E-test (20).

Frequent use of amphotericin B and its lipid formu-
lations continues to increase selection pressure, and thus
monitoring of emerging polyene resistance in Aspergillus
spp. is important (12). In the current study, sensitivity to
amphotericin B was 79.1% using the E-test and much lower
with the disc diffusion method. Similarly, other authors
noticed emerging resistance of molds to amphotericin B.
One study in Iran also reported that 61.1% of 108 Aspergillus
spp. were resistant to amphotericin B E-test (21). Another
study from Tunisia reported that 31 of 37 isolates (83.8%) of
A. flavus isolates obtained from 14 patients with hemato-
logical malignancies were resistant (≥ 2µg/mL) to ampho-
tericin B (22). Gupta et al. found that 31.8% of 44 Aspergillus
spp. had MICs above epidemiologic cut off values (ECVs);
denoting potential resistance to amphotericin B. The same
study pointed also to lower agreement between disc diffu-
sion and the reference microbroth dilution method when
using amphotericin B than voriconazole and caspofungin
(87.5%, 93%, and 100% respectively) (4). However, this study
was conducted on Aspergillus spp. only (4). Other stud-
ies similarly have pointed to such lower agreement with
amphotericin B. Colosi et al. reported 76% agreement be-
tween E-test and Neo-Sensitabs tablet diffusion assay on
MHA when testing the susceptibility of 100 clinical isolates
of filamentous fungi. Errors obtained in that study, were
five very major, three major, and 16 minor errors (8).

Closely related to the current findings, several previ-
ous studies reported variable high degrees of statistically
significant correlations between Log2 MICs and the inhi-
bition zone diameters for itraconazole, voriconazole, and
amphotericin B (8, 9, 20). Similarly, all obtained correla-
tions between disc diffusion zone diameters on MHA and
RPMI, were statistically significant in the current study
with better results obtained with MHA, which is the stan-
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dard medium recommended according to CLSI (6). How-
ever, the only difference noticed in the current study and
these other studies was the absence of correlation between
Log2 MICs and the inhibition zone diameters for caspofun-
gin when using MHA and RPMI.

To conclude, for disc diffusion method, when compar-
ing non-supplemented MHA and RPMI agar, the correla-
tion coefficient R between the inhibition zone diameters
when using MHA and RPMI for the four tested antifungal
agents exhibited statistically significant values. However,
the lowest obtained coefficient R was for amphotericin B,
which may highlight the importance of performing such
a study on a larger scale to decide which medium will
act best for antifungal susceptibility testing. Routine an-
tifungal susceptibility testing using disk diffusion method
should be implemented as part of the routine microbiol-
ogy work up. This method can be easily applied in settings
with limited resources.

Footnote
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tions of interest.
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