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Abstract 

 

With the discovery of newer antifungal agents, emergence of resistance among Aspergillus, is a major 

problem. In the present study, 25 different clinical isolates of Aspergillus flavus were screened for their 

susceptibility against five common antifungal agents by broth dilution and disc diffusion method with the 

aim to evaluate both the methods for their suitability to adapt in clinical laboratory. All the isolates showed 

susceptibility to five antifungals by broth dilution after 24 hrs however all isolates showed resistance for 

5FC, fluconazole and ketoconazole after 48 hrs. By disc diffusion method, all isolates were sensitive for all 

antifungals except fluconazole which showed resistance even after 24 hrs. Amphotericin B and itraconazole 

were in good agreement between both the methods where 100% isolates were sensitive at both time period 

by broth dilution and 84% to 100% by disc diffusion method. Both the methods are in good agreement and 

since disc diffusion method is easy to perform, cheap, rapid and same can be adapted easily for the routine 

susceptibility testing of clinical fungal isolates in medical microbiology laboratory.   
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Invasive aspergillosis has emerged worldwide 

as an important cause of infection among 

immunocompromised patients (Bodey et al., 1992; 

Groll et al., 1996; Denning et al., 1996). 

Aspergillosis is a serious opportunistic mycotic 

infection caused by the genus Aspergillus majorly 

by Aspergillus fumigatus followed by Aspergillus 

flavus and Aspergillus niger (Rippon, 1982).  The 

spectrum of aspergillosis includes ABPA, 

colonization of air sacs, invasive aspergillosis, 

pulmonary, aspergillosis in solid organs 

transplantation and invasive aspergillosis in AIDS 

patients. Treating the patients with aspergillosis is 

difficult especially in immunocompromised and 

organ transplantation patients and becomes cause 

of mortality rate of approximately 85% if not 

treated (Rippon, 1988; Denning et al., 1996, 2002; 

Maertens et al., 2004).  

Diagnosis and treatment of invasive 

aspergillosis is one of the unmet needs in medicine 

today (Lin et al., 2001; Paterson, 2001). Mortality 

rate can be reduced if the disease is diagnosed and 

treated at early stage. Various newer broad 

spectrum antifungals like new triazoles, 

posaconazole, ravuconazole, and voriconazole 

were discovered in recent time but simultaneous 

emergence of resistance becomes cause of concern 

(NCCLS 2002; Meletiadis et al., 2002). To 

overcome this, susceptibility testing is one 

approach. Although different methods like broth 

dilution and agar dilution were developed in 

recent time for the antifungal susceptibility testing 

but due to cumbersome procedure, were not easy 

to adapt in the routine practice specially in case of 

filamentous fungi. Very few reports are available 

regarding antifungals susceptibility testing of 

filamentous fungi. Brandsberg et al., (1972) used 

conidial spore suspension of Sporothrix schenckii 

and Aspergillus fumigatus to find out the MIC 

against amphotericin B. Bez (1985) compared 

hyphal and conidial inoculums for the 

susceptibility testing of amphotericin B and found 

that use of conidial suspension was more 

appropriate than hyphal inoculum. Szekely et al., 

(1999) compared the E-test and microbroth 

dilution method for susceptibility testing of 

filamentous fungi against amphotericin-B and 

itraconazole and found that E test was more 

advantageous than broth dilution. Predicting 

antifungal drug resistance of an organism to 

available drugs is the goal of antifungal 

susceptibility testing, which, in turn, might aid in 

timely and successful intervention of these life-

threatening infections (Rex and Pfaller, 2002). 

Number of antifungal susceptibility approaches 

has been tried so far but due to inter and intra 

laboratory dis-agreement and lack of 

reproducibility, were not adapted in routine 

practice. In the present study, broth dilution and 

disc diffusion methods were evaluated for 

antifungal susceptibility testing of filamentous 

fungi, Aspergillus flavus against five common 

antifungal agents for their suitability to adapt in 

routine laboratory practices.  

 

Material and methods 

 

Clinical Isolates: 25 different Aspergillus 

flavus strains isolated from various clinical 

samples (Table 1) and maintained in Reference 

Laboratory for Collection of Medically Important 

Fungi, Division of Medical Mycology, 

Department of Microbiology, Post Graduate 

Institute of Medical Education and Research 

(PGIMER), Chandigarh, India were used for 

antifungal susceptibility testing. All the clinical 

isolates were identified as Aspergillus flavus by 

conventional method (Kwonchung., 1992). Strains 

were maintained by subculture method on potato 

malt agar and stored at 4
0
C. 

Antifungals: Antifungals in purified form 

obtained from respective manufacturers as 

Fluconazole (Pfizer Pharmaceuticals, India), 5-

Flucytosine (Sigma Chemicals, USA), 

Amphotericin B (Himedia Lab. Pvt. Ltd, 

Mumbai), Ketoconazole (Torrent Laboratories, 

India) and Itraconazole (Janssen Pharmaceuticals, 

Belgium) were used for the antifungal 

susceptibility testing. 

Antifungal susceptibility testing: 

Susceptibility testing was done by employing 

broth dilution and disc diffusion method as 

described below.  

Broth Dilution Method: Broth dilution 

method was done following the standard method 

of NCCLS M38A. 

Preparation of Inoculum: For broth dilution 

method, spores were collected from 7 days old 
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culture of Aspergillus flavus with the help of 

sterile swab dipped in normal saline (0.85% w/v) 

containing Tween-80 (0.1% v/v, Sigma 

Chemicals, USA). Spore count of 1X10
6
 spores/ml 

was adjusted by haemocytometer count. Inoculum 

was further diluted 1:100 followed by 1:20 in 

RPMI 1640 to finally yield 0.5-2.5X10
3
 spores/ml.  

Antifungal Stock Preparation: Stock 

solution of antifungals amphotericin B, 

ketoconazole and intraconazole was prepared in 

dimethyl sulphoxide (DMSO, Sigma chemicals, 

USA) while fluconazole and 5 flucytosine were 

dissolved in sterile de-ionized water. 

 

 

 
Table 1: Table showing number of clinical isolates of Aspergillus flavus isolated from different infection sites and 

samples for the drug susceptibility testing. 
 

Sr. No. Sites/samples of Aspergillus flavus isolation Total No. of isolates 

1. Paranasal sinus mycoses (Tissue) 13 

2. Broncho alveolar lavage 6 

3. Sputum 2 

4. Cerebro spinal fluid 1 

5. Skin biopsy 1 

6. Fine needle aspiration material 1 

7. Chest tube 1 

 

 

Antifungal susceptibility testing: 100µl of 

different antifungals dilutions (Water soluble at 

640µg/ml to 0.3125µg/ml and water insoluble at 

160µg/ml to 0.3125µg/ml) were placed in 

different tubes. After this, 0.9 ml of adjusted spore 

inoculums was added to these tubes. This resulted 

in further 1:10 drug dilution with final 

concentration from 64µg to 0.03125 µg/ml and 

16µg to 0.03125µg/ml respectively. One tube 

without antifungal agent with spore inoculum was 

used as positive control. All the tubes were 

incubated at 37
0
C for 24 to 48 hrs. 

Disc Diffusion Method: Disc diffusion test 

was done according to the method of NCCLS 

M27A2 (2002). Yeast nitrogen base glucose 

(YNBG) with 1.5% L-asparagine for azoles and 

without asparagines for amphotericin B and 5 

flucytosine was prepared and filter sterilized. 

Antifungal discs containing 10µl of antifungal 

agents (1mg/ml) were prepared and dried for use. 

For susceptibility testing, 2ml of YNBG was 

thoroughly mixed with 18ml of molten agar (2% 

ultra purified agar, Diffco Labs, USA) and poured 

in 100mm sterile petri plates. Plates were dried 

prior to use. Plates were inoculated with adjusted 

spore suspension (1X10
6
/ml) with sterile swab. 

One disc of each antifungal was placed in each 

plate and was incubated at 37
0
C for 24 to 48 hrs. 

 

 

Results and discussion  

 

Fungal infections are becoming an increasing 

cause of morbidity and mortality especially among 

immunocompromised patients. With the increased 

incidence of systemic fungal infections and the 

growing number of antifungal agents, laboratory 

methods to guide and select antifungal therapy 
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have gained greater attention. However, 

determining antifungal susceptibilities of 

filamentous fungi is fraught with difficulties 

associated with slow growth of filamentous forms 

and subjectivity of interpreting visual endpoints.  

 In the present study, antifungal susceptibility 

testing of 25 clinical isolates was observed against 

five common antifungal agents. MIC of all the 

isolates against antifungals was recorded after 24 

and 48 hrs.   For amphotericin B and itraconazole, 

MIC was read as the lowest drug concentration 

which didn’t showed any visual growth (100% 

inhibition). For flucytosine, fluconazole and 

ketoconazole, end point corresponding to 

approximately 50% or more reduction in growth 

as compared to control was used (NCCLS M38A). 

In disc diffusion method, presence of inhibition 

zone was considered as sensitive while absence of 

inhibition zone was recorded as resistant. After 24 

hr, 100% strains were sensitive to all the 

antifungals (5FC, fluconazole, ketoconazole, 

amphotericin B and itraconazole) by broth 

dilution method. After 48 hrs, no strain was 

sensitive to 5 flucytosine and only 4% strains were 

sensitive to fluconazole. Only 8% strains were 

sensitive to ketoconazole after 48 hrs of 

incubation. In case of amphotericin B and 

itraconazole, 100% strains remained sensitive after 

48 hrs with slight increase in MIC (Figure 1). It 

was also observed that MIC increased with the 

increase in incubation period (Table 2). 

Susceptibility testing by disc diffusion method 

showed that no strain was sensitive to fluconazole 

at any time interval while 5 flucytosine showed 

sensitivity to 100% and 48% stains after 24 and 

48hrs of incubation respectively. Ketoconazole 

also showed 100% and 60% sensitivity at 24 and 

48 hr of incubation. Against itraconazole, 100% 

strains were sensitive after 24 hr while 84% were 

sensitive after 48 hr. Amphotericin B showed 96% 

and 88% sensitivity after 24 and 48 hr respectively 

(Figure 1).  

 

 
Table 2: Table showing the breakpoint concentrations (NCCLS M38A) and MIC’s observed by broth dilution method 

after 24 and 48 hrs of incubation against clinical isolates of Aspergillus flavus against five antifungal agents. 

 

Antifungal 

agents used 

Breakpoint 

concentration 

(µg/ml)  

MIC’s observed 

After 24 hrs (µg/ml) After 48 hrs (µg/ml) 

Amphotericin B 0.5-2.0 0.0625-0.125 0.125-0.250 

5 Flucytosine 6˃4 8-32 6˃4 

Fluconazole 6˃4 4-32 32- ˃64 

Ketoconazole 0.0313 to 16  0.5-1 1-64 

Itraconazole  0.0313 to 16  0.0313-0.0625 0.0625-0.125 

 

 

 In the present study, MIC was observed after 

24 and 48 hr and it was observed that 

interpretation of results were better at 24 hr than 

48 hr. It was observed that susceptibility of 5-FC, 

fluconazole and ketoconazole was affected more 

than that of amphotericin B and intraconazole. 

Increase in MIC may indicate towards the 

emergence of resistance. It has been indicated that 

antimicrobial resistance may also be indicative of 

therapeutic failure (Ashok R, 1999).  Various 
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reports have shown the emergence of resistance 

among filamentous fungi for different antifungals. 

It has been observed that 5 flucytosine and 

fluconazole are ineffective for the treatment of 

aspergillosis (Ryley JF et al., 1990) but in the 

present study, all the isolates were observed to be 

sensitive to these two antifungals after 24 hours of 

incubation. Ketoconazole has also not been 

considered as good drug of choice for the 

treatment of aspergillosis but it has also been 

observed that results of in vitro susceptibility may 

be of less relevance and misleading in case of 

ketoconazole. Since amphotericien B and 

itraconazole showed less resistance than other 

three antifungals, it may be concluded that both 

these drugs might have a definite 

chemotherapeutic outcome in aspergillosis. 

Several reports have also described in vitro 

tolerance/resistance of Aspergillus spp. which 

correlates with therapeutic failure (Florl et al., 

1998; Sutton et al., 1999; Mosqurel et al., 2001). 

Ingroff et al., (2001) have observed resistance to 

amphotericin B particularly among isolates of 

Aspergillus terreus and other filamentous fungi, 

such as Fusarium spp. and Scedosporium spp. 

Very little data are available regarding correlation 

between MIC and outcome of treatment with 

amphotericin B for the filamentous fungi. MICs 

above 2µg/ml have been associated with treatment 

failures while MICs below 2µg/ml have been 

showed to be effective in clinical cure for invasive 

aspergillosis (Lass-Florl et al., 1998). Similarly, 

trailing end points with itraconazole against 

Aspergillus spp. are not usually encountered but it 

may also reflect drug resistance relevant clinically 

as intraconazole resistance has also been 

demonstrated for A. fumigatus (Espinel-Ingroff A 

et al., 2001; Denning DW et al., 1997).  

 

 

 

Figure 1. Figure showing the distribution of percentage strains of Aspergillus flavus sensitive to five antifungal agents 

after 24 and 48 hours of incubation by broth dilution and disc diffusion method. 

 

The purpose of the present study was to 

compare the broth dilution and disc diffusion 

method efficacy for the susceptibility testing so as 

to adapt in routine. Although broth dilution 

method is the recommended standard method by 

NCCLS but this method is associated with some 

technical drawbacks such as cumbersome 

procedure, time consuming, technically 

demanding with poor end point precision 

particularly when fungistatic agents such as azole 

and 5-FC are tested. It has also been associated 

with the difficulty of preparation of standard 
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hyphal inoculum. While on the other hand disc 

diffusion method is easy to perform, rapid and 

cost effective. It has been demonstrated that disc 

diffusion method is more useful as compared to 

other methods for antifungal drug susceptibility 

testing.  Soraino et al., (2004) showed the 

advantage of disc diffusion method over other 

methods such as broth dilution or E test for 

voriconazole susceptibility testing of Aspergillus. 

Yamaguchi et al., (2002) demonstrated usefulness 

of colorimeteric assay for the susceptibility testing 

of voriconazole, 5FC and itraconazole against 

Aspergillus over conventional methods. In another 

study carried out by Theres et al., (2006), it was 

observed that agar dilution method is more easy 

and cost effective for the susceptibility testing of 

filamentous fungi against amphotericin B, 

fluconazole and ketoconazole over broth dilution 

method. Very few reports are available on 

comparative analysis of disc diffusion and broth 

dilution method for susceptibility testing of 

filamentous fungi. In the present study, it was 

observed that after 24 hrs of incubation, both 

methods were in good agreement to each other 

except for fluconazole which is usually not a drug 

of choice for aspergillosis. Since disc diffusion 

method is easy and rapid to perform, it can be 

adapted easily for the routine antifungal 

susceptibility testing of filamentous fungi in 

clinical laboratory. Prediction of rapid antifungal 

susceptibility may improve and increase the speed 

of therapeutic outcome of infections caused by 

aspergillus.   
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