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ABSTRACT 

Background: Dermatophytes are responsible for the majority of the fungal infections involving skin, hair 

and nails. There has been a remarkable increase in the number of fungal infections especially in those people 

whose immune system is compromised by aging, HIV infection, organ transplantation or cancer therapy. 

Objective: The aim of this study was to compare both broth microdilution method & disk diffusion method 

for in-vitro activity of some antifungal drugs (Terbinafine, Fluconazole, Itraconazole) against different 

species of dermatophytes. 

Patients and Method: This study was performed on 50 dermatophyte isolates recovered from various 

clinical specimens (skin, hair and nail) collected from dermatology outpatient clinic of Ain Shams University 

Hospital. All samples were cultured on sabarouds. Isolates recovered from SDA were subcultured on Potato 

Dextrose Agar (PDA) & incubated at 28°C for 7 days to enhance sporulation. The growth was harvested in 

sterile saline & the conidial and hyphal suspension was adjusted to 0.5 macfarland. Then antifungal 

susceptibility was done using: Disk diffusion (DD) method and Broth micro dilution (BMD) method. 

Results: There was a highly significant agreement between the antifungal susceptibility testing of 

fluconazole, itraconazole and terbinafine by disk diffusion method and Broth micro-dilution method. In our 

study agreement between both methods for itraconazole was 1.00 (kappa), for terbinafine was 0.947, and for 

fluconazole was 0.878. The factors that may affect the results of BMD or DD are type and size of inoculum, 

composition of the media, temperature and duration of incubation and disc strength. 

Conclusion: There was a highly significant agreement between the antifungal susceptibility testing of 

fluconazole, itraconazole and terbinafine by disk diffusion method and Broth micro-dilution method. 

Keywords: Dermatophytes, Disk diffusion, Broth micro-dilution. 

 

INTRODUCTION

Dermatophytes are responsible for the 

majority of the fungal infections involving skin, 

hair and nails
1
.  

  There has been a remarkable increase in the 

number of fungal infections especially in those 

people whose immune system is compromised by 

aging, HIV infection, organ transplantation or 

cancer therapy
2
. 

The organisms are transmitted either by 

direct contact with infected host (human or 

animal) or by direct or indirect contact with 

infected exfoliated skin or hair in combs, hair 

brushes, clothing, furniture, theatre seats, caps, 

bed linens, towels, hotel rugs, and locker room 

floors. Depending on the species the organism 

may be viable in the environment for up to 15 

months. There is an increased susceptibility to 

infection when there is a pre-existing injury to the 

skin such as scars, burns, marching, excessive 

temperature and humidity
3
. 

Clinically, dermatophytes (ringworm) can be 

classified depending on the site involved. These 

include Tinea capitis (scalp), Tinea corporis (non-

hairy skin of the body), Tinea cruris (groin), Tinea 

pedis (foot) or athlete’s foot and Tinea barbae or 

barber’s itch (bearded areas of the face and neck). 

Favus is a chronic type of ringworm involving the 

hair follicles
4
. 

According to the genera, dermatophytes can 

be classified into Trichophyton which affect 

mainly the skin and nails, Microsporum which 

affect mainly the hair and Epidermophyton which 

affect mainly the skin
5
. Trichophyton rubrum, 

Trichophyton tonsurans and Trichophyton 

mentagrophytes are the most common 

dermatophytes. Trichophyton rubrum affect face, 

trunk, beard area, nails, feet and groin area 

infection. Trichophyton mentagrophytes affect the 

surface of the hair (large spore ectothrix) which 

manifest clinically as kerion. Trichophyton 

tonsurans invade the hair shaft (endothrix) which 

manifest clinically as black dot infection. Another 

common dermatophyte is Microsporum canis, 

which is transmitted from animals such as cats and 

dogs to humans causing small spore ectothrix 

which manifest clinically as scally ringworm
6
. 
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Though there are several antifungal drugs used to 

treat dermatophytosis, some infections respond 

well to topical antifungal therapy, whereas others 

like tinea capitis, tinea unguium (nail infection), 

and more extensive or severe types may require 

systemic therapy
7
. 

The concurrent increase in fungal infections with 

increase in the use of antifungal drugs mostly for 

prolonged periods has led to development of 

resistance to antifungal drugs
8
. 

Antifungal susceptibility testing is performed to 

provide information for clinicians to select 

appropriate antifungal agents useful for treating a 

particular fungal infection. For a definitive therapy 

also, it is essential to evaluate the resistant 

dermatophytes using a standardized, simple and 

reproducible in-vitro assay to determine the 

antifungal activity of drugs against isolates. In 

vitro antifungal susceptibility tests are now mainly 

used for epidemiological surveys, determination of 

the degree of antifungal activity, and the 

prediction of clinical outcome based upon an 

optimization of antifungal therapy
7
. 

  

Various methods, such as broth macro and 

microdilutions, agar dilution, E-test, Sensititre 

colorimetric microdilution panels and disk 

diffusion have been used for determining the 

susceptibility of dermatophytes to antifungal 

agents
9
. 

 

PATIENTS AND METHODS 

The present study was conducted on 55 

clinical isolates of dermatophytes retrieved from 

patients suffering from dermatophytic infection of 

skin, hair and nail attending dermatology 

outpatient clinic of Ain Shams University Hospital 

in the period from August 2016 till March 2017. 

Demographic data were taken from patients. 

Collection of specimen: skin, hair and nail 

scrapings were collected in sterile disposable 9 

mm petri dishes. 

All specimens were subjected to: Culture on 

sabaroud dextrose agar (SDA) containg 

chloramphenicol and cycloheximide then isolates 

recovered from SDA are subcultured on potato 

dextrose agar (PDA) and incubated at 28ºC for 7 

days to enhance sporulation, microspopic 

examination using scotch tape technique was 

done, then the growth was harvested in sterile 

saline and the conidial and hyphal suspension was 

adjusted to 0.5 macfarland.  

Then antifungal susceptibility was done 

using:  
1. Disk diffusion (DD) method :

Inoculum suspension was prepared from colonies 

grown on potato dextrose agar (PDA) at 30-35
o
C. 

Mueller-Hinton agar was evenly streaked using a 

sterile cotton swab that was dipped into the 

inoculum suspension. 

Antifungal discs of Fluconazole, 

Itraconazole, Gresiofulvin and Terbinafine were 

applied. Plates of Mueller-Hinton agar were 

incubated at 28
o
C for 5 days. When growth took 

place, the size of zones of inhibition was measured 

for each antifungal agent. Interpretation of zone 

diameters was done according to CLSI 2009 

guidelines. 

2. Broth micro dilution (BMD) method: 

The test was performed in microtitre plastic plates 

(96 well). For each drug six dilutions were used. 

Drugs were prepared by adding the powder to 

Muller Hinton Broth. One hundred microlitre of 

muller Hilton broth containing the powder of the 

drugs with two-fold drug serial dilutions were 

placed in wells with a multichannel pipette to yield 

twice the final strength required for the test i.e. 4-

128 µg/ml for FLC, 0.125-4.0 µg/ml for ITR and 

0.015-0.50 µg/ml for TER. The plate was then 

inoculated with 100 µl of the inoculum suspension 

that is equivalent to 0.5 macfarland thus bringing 

the final dilution of drugs to 2.0-64.0 µg/ml for 

FLC, 0.062-2.0 µg/ml for ITR and 0.015-0.5 

µg/ml for TER respectively. The plates were 

incubated at 28°C and checked every day for 5 

days. Minimum inhibitory concentration (MIC) 

was determined for each antifungal agent by 

detecting the turbidity of the broth. 

3. Broth microdilution method and 

rezasurin: Fifty µl of Muller Hinton broth and 

50µl of risazurin dye were introduced on the same 

previous six dilutions of the drugs. The plate was 

then inoculated with 100 µl of the diluted 

inoculum suspension that is equivalent to 0.5 

macfarland. The plates were incubated at 28°C and 

read visually everyday for 5 days for colour 

change. Minimum inhibitory concentration (MIC) 

was determined for each antifungal agent by 

detecting color change of rezasurin. 

The study was approved by the Ethics Board of 

Ain Shams University. 
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 RESULTS 

    The study was done after approval of ethical 

board of Ain Shams university and an informed 

written consent was taken from each participant in 

the study. 

In tinea capitis 21 (55.3%) patients were T. 

tonsurans, 10 (26.3%) patients were M. canis, and 

7 (18.4%) patients were T. mentegrophytes. 

In tinea circinata 3 (25%) patients were T. 

tonsurans, 3 (25%) patients were M. audonii, 2 

(16.7%) patients were T. mentegrophytes, 2 

(16.7%) patients were T. rubrum, 1 (8.3%) patient 

was M. gypsum, and 1 (8.3%) patient was E. 

floccosum, all onychomycosis cases (5) revealed 

candida species (Table 1). 

 

(Table 1): Distribution of dermatophyte species among clinically diagnosed cases 

 

 

  

  

 Diagnosis 

 Tinea capitis Tinea circinate 

Strains of organism  Trichophyton tonsurans (n %) 21 55.3% 3 25% 

 Microsporum canis (n %) 10 26.3% 0 0% 

 Trichophyton mentegrophytes (n 

%) 
7 18.4% 2 16.7% 

 Microsporum audonii (n %) 0 0% 3 25% 

 Trichophyton rubrum (n %) 0 0% 2 16.7% 

 Microsporum gypsum (n %) 0 0% 1 8.3% 

 Epidermophyton floccosum (n 

%) 
0 0% 1 8.3% 

   

Sensitivity testing by disc diffusion method using:  

1. fluconazole disk revealed 5 (10%) strains of dermatophytes were sensitive, while 45 (90%) strains 

of dermatophytes were resistant. 

2. Itraconazole disk revealed, 10 (20%) strains of dermatophytes were sensitive, while 40 (80%) 

strains of dermatophytes were resistant. 

3. Terbinafine disk revealed, 13 (26%) strains of dermatophytes were sensitive, while 37 (74%) strains 

of dermatophytes were resistant. 

Gresiofulvin disk revealed, 8 (16%) strains of dermatophytes were sensitive, while 42 (84%) strains of 

dermatophytes were resistant (Figure 1). 

 

 
(Figure 1): 

(A)                                                                          (B) 

T. Rubrum: Sensitive to fluconazole, 

itraconazole and gresiofulvin, Resistant to 

terbinafine.                                       

T. Mentegrophytes: Sensitive to fluconazole, 

terbinafine, itraconazole and gresiofulvin 
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    MIC broth micro-dilution method was done 

with and without resazurin dye but both gave 

similar results but detection was more rapid 

with resazurin (detected after 24 hours) in 

relation to MIC broth microdilution method 

without resazurin (detected after 48-72 hours). 

Also, resazurin method was easier in visual 

interpretation. 

1. Fluconazole revealed: 4 (8%) strains of 

dermatophytes were sensitive, while 46 (92%) 

strains of dermatophytes were resistant. 

2. Itraconazole revealed: 10 (20%) strains of 

dermatophytes were sensitive, while 40 (80%) 

strains of dermatophytes were resistant. 

3. Terbinafine revealed: 12 (24%) strains of 

dermatophytes were sensitive, while 38 (76%) 

strains of dermatophytes were resistant (Figure 

2). 

 

 
(Figure 2): 

(A) Trichophyton Tonsurans: Resistant to 

the four drugs 

 

(B) Trichophyton Tonsurans: sensitive to 

fluconazole, resistant to itraconazole and 

terbinafine with rezasurin dye: Pink: 

resistant / Purple: sensitive 

 

1. Fluconazole: Out of 50 strains, four (80% 

of sensitive strains) of dermatophytes were 

found to be sensitive to fluconazole in both 

methods, while 1 strain of dermatophytes (20% 

of sensitive strains) was found to be sensitive to 

fluconazole in disk diffusion method but 

resistant in broth micro-dilution method. Fourty 

five (100% of resistant strains) of 

dermatophytes were found to be resistant in 

both methods (Table 2). 

 

2. Itraconazole: Out of 50 strains, ten 

(100% of sensitive strains) of dermatophytes 

were found to be sensitive in both methods. 

Fourty (100% of resistant strains) of 

dermatophytes were found to be resistant in 

both methods (Table 3). 

 

 

3. Terbinafine: Out of 50 strains, twelve 

(92.3% of sensitive strains) of dermatophytes 

were found to be sensitive in both methods, 

while 1 (7.7% of sensitive strains) of 

dermatophytes was found to be sensitive in disk 

diffusion method but resistant in broth micro-

dilution method. Thirty-seven (100% of 

resistant strains) of dermatophytes were found 

to be resistant in both methods (Table 4). 

 

There was a highly significant agreement 

between the antifungal susceptibility testing by 

disk diffusion method and Broth micro-dilution 

method with Kappa= 1 for itraconazole, 

Kappa= 0.947 for terbinafine, and Kappa= 

0.878 for fluconazole. 
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(Table 2): Agreement between Disk diffusion method and Broth micro-dilution sensitivity method for 

fluconazole 

 

 

DD Fluconazole 

kappa P Sig S R 

N % N % 

MIC Fluconazole 
S 4 80.0% 0 0% 

0.878 0.0001 HS 
R 1 20.0% 45 100.0% 

*kappa statistics 

  

(Table 3): Agreement between Disk diffusion method and Broth micro-dilution sensitivity method for 

Itraconazole 

 

 

 

DD Itraconazole 

Kappa P Sig S R 

N % N % 

MIC Itraconazole 

 

S 10 100.0% 0 .0% 
1.00 0.0001 HS 

R 0 .0% 40 100.0% 

*kappa statistics 

 

(Table 4): Agreement between Disk diffusion method and Broth micro-dilution sensitivity method for 

terbinafine 

 

 

  

DD Terbinafine  Kappa P Sig 

S R 

N  % N  % 

MIC Terbinafine  S 12 92.3% 0 .0% 0.947 0.0001 HS 

R 1 7.7% 37 100.0% 

 

   *kappa statistics 

 

Sensitivity of disk diffusion method in relation to broth micro-dilution method for fluconazole was 80%, for 

itraconazole was 100% and for terbinafine was 92.3%. Specificity for fluconazole was 97.9%, for 

itraconazole was 100% and for terbinafine was 97.4%. Positive predictive value for fluconazole was 80%, 

for itraconazole was 100% and for terbinafine was 92.3%. Negative predictive value for fluconazole was 

97.9%, for itraconazole was 100% and for terbinafine was 97.4% (Table 5). 

 

(Table 5): Sensitivity and specificity results of disk diffusion method in relation to MIC broth mircro-

dilution method for each antifungal drug 

 

 Sensitivity Specificity PPV NPV 

Fluconazole 80% 97.7% 80% 97.99 

Itraconazole 100% 100% 100% 100% 

Terbinafine 92.3% 97.4% 92.3% 97.4% 

PPV= Positive predictive value 

NPV= Negative predictive value 
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DISCUSSION  

In the current study, there was a statistical 

significant difference between young age (ranged 

from 3-18 years) and dermatophytic infections. 

This was concordant that found by Abdel-

Rahman et al.
10

 who studied genes of 

dermatophyte virulence factors on 50 patients of 

dermatophytic infections and showed that tinea 

infection is predominantly a disease of 

preadolescent children and typical age of onset is 

between five and ten years.  

In our study, 60% of patients had positive 

risk factors for dermatophytic infections, Also, 

Cafarchia et al.
11

 stated that 62%-65% of patients 

had positive risk factors for dermatophytic 

infections, which can explain the role of 

immunosuppression, personal hygiene and 

environmental factor in the incidence of 

dermatophytic infections. 

We found that patients with history of 

previous systemic antifungal intake (38%) are 

more resistant to antifungal treatment, Ghannoum
 

and Rice 
12

 studied the mechanism of resistance of 

antifungal agents and stated that with increased 

use and availability of different classes of 

antifungal agents, it is anticipated that an 

increasing number and variety of fungal species 

resistant to these agents will be seen. 

In our study, we found that the most common 

dermatophyte species was T. tonsurans (48%) 

followed by M. canis (20%), T. mentegrophytes 

(18%), M. audonii (6%), T. rubrum (4%), M. 

gypsum (2%) and E. floccosum (2%), this 

conclusion disagree with that found by Gupta et 

al.
13

 in India who stated that the most common 

dermatophyte species was Trichophyton rubrum 

(46.5%), followed by T. mentegrophytes (39.6%), 

M. gypsum (6.8%), T. tonsurans (3.4%), M. 

oudonii (1.7%) and M. ferrugineum (1.7%), which 

can be explained by different environmental 

fungal population. 

 

In the present study, the most common 

organism causing tinea capitis was T. tonsurans 

(55.3%). This conclusion concur that found by 

Nasir et al.
14

 on 391 children with suspected tinea 

capitis who found that T. tonsurans accounts for 

greater than 90% of cases of infection, followed 

by M. canis (1.1%) then T. mentegrophytes 

(0.7%). Whereas, in tinea circinata both T. 

tonsurans and M. audonii were equally recovered 

from our species (25%) for each. A study carried 

out by Hryncewicz-Gwózdz et al.
15

 found that T. 

tonsurans is the most common dermatophyte to 

cause tinea capitis (95.8%), and people with an 

anthropophilic tinea capitis infection are more 

likely to develop associated tinea corporis. In other 

study made by Ravenscroft et al.
16

 on incidence 

of T. tonsurans in both tinea capitis and corporis, 

found that T. tonsurans has emerged as a major 

cause of tinea capitis and tinea corporis. 

By using disc diffusion method for 

dermatophytes, we found that fluconazole was 

10% sensitive and 90% resistant, to itraconazole 

was 20% sensitive and 80% resistant, to 

terbinafine was 26% sensitive and 74% resistant 

and to gresiofulvin was 16% sensitive and 84% 

resistant. This observation disagree with that 

remarked by Gupta et al.
 13

 in a study who 

performed both disk diffusion and broth 

microdilution methods on 58 clinical isolates of 

dermatophytes using four antifungals (fluconazole, 

itraconazole, terbinafine and gresiofulvin). They 

showed only six strains resistant to FLC, five 

resistant to TER and five, four and three strains 

were found intermediate sensitive to FLC, ITR and 

GRI respectively. All other strains in that study 

were sensitive to all the four antimycotic agents, 

High resistance to antifungal drugs in our isolates 

could be explained by the significant previous 

history of systemic antifungal intake (38%). 

By using MIC broth microdilution method 

for dermatophytes, we found that fluconazole was 

8% sensitive and 92% resistant, to itraconazole, 

20% sensitive and 80% resistant and to 

terbinafine, 24% sensitive and 76% resistant. 

Santos and Hamdan
17

 studied broth 

microdilution method for testing susceptibilities of 

dermatophytes to antifungals on fifty clinical 

isolates of Trichophyton rubrum using five 

antifungals (ketoconazole, fluconazole, 

itraconazole, gresiofulvin and terbinafine) found 

that the evaluation of in vitro activities of tested 

drugs revealed that terbinafine was the most potent 

active drug that observed in the present study. 

Gupta et al.
13

 studied both disk diffusion and 

broth microdilution methods on 58 clinical isolates 

of dermatophytes on four antifungals (fluconazole, 

itraconazole, terbinafine and gresiofulvin) and 

found that Fluconazole was found to be the least 

effective drug similar to our study. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghannoum%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=10515900
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In this study, rezasurin was used as a color 

indicator for metabolic activity in broth micro 

dilution method. Resazurin is a blue, non- 

fluorescent dye that is converted to pink and 

fluorescent resurfin in the presence of a respiring 

organism, it’s an easy method to read because of 

clear-cut end points, the use of resazurin dye test 

in antifungal susceptibility testing of biofilm-

forming cells has benefits like simplicity, low cost, 

lack of toxicity, and easy determination of end 

points
18

. 

We found that results of rezasurin MIC broth 

microdilution method were the same as that of 

traditional MIC for all samples. However, it was 

more rapid as it started to change its color after 12 

hours and complete change was achieved after 24 

hours of incubation, while MIC without resazurin 

gave results in 48-72 hours that proves that with 

resazurin is more rapid and give faster results to 

the physicians in order to take a rapid action in 

treatment of the patient. 

Daniel et al.
19

 studied the application of 

resazurin for estimating abundance of 

contaminant-degrading micro-organisms on 24 

clinical isolates found that resazurin changed color 

from blue to pink after overnight incubation. On 

the other hand, Tiballi et al.
20

 studied the 

comparison of a photometric method using 

rezasurin dye with standardized methods of 

antifungal susceptibility testing of yeasts on 101 

clinical isolates have also shown the usefulness of 

resazurin as a cell viability indicator in antifungal 

susceptibility testing. 

There was a highly significant relation 

between the antifungal susceptibility testing of 

fluconazole, itraconazole and terbinafine by disk 

diffusion method and Broth micro-dilution 

method, in our study the relation between both 

methods for itraconazole was 1.00 (kappa), for 

terbinafine was 0.947, and for fluconazole was 

0.878. 

In a study of evaluation of microdilution and 

disk diffusion methods for antifungal 

susceptibility testing of dermatophytes made by 

both singh et al.
21

 and Mendez et al.
22

 on in-vitro 

testing of itraconazole, fluconazole and 

voriconazole against dermatophytes had reported 

contrary results with poor or no correlation at 

between broth micro dilution and disk diffusion, 

they justified their results by the use of dermasel 

agar medium which is unacceptable for antifungal 

susceptibility testing. Fernández Torres et al.
23

 

stated that the factors that may affect the results of 

BMD or DD are type and size of inoculum, 

composition of the media, temperature and 

duration of incubation and disc strength.  

In our study, disk diffusion method was 

highly sensitive and specific in relation to broth 

micro-dilution method and sensitivity for 

fluconazole was 80%, for itraconazole was 100% 

and for terbinafine was 92.3%, specificity for 

fluconazole was 97.9%, for itraconazole was 

100% and for terbinafine was 97.4%. Positive 

predictive value for fluconazole was 80%, for 

itraconazole was 100% and for terbinafine was 

92.3%. Negative predictive value for fluconazole 

was 97.9%, for itraconazole was 100% and for 

terbinafine was 97.4%. This conclusion agrees 

with that found by Gupta et al.
13

 who performed 

both disk diffusion and broth microdilution 

methods on 58 clinical isolates of dermatophytes 

using four antifungals (fluconazole, itraconazole, 

terbinafine and gresiofulvin). They found broth 

microdilution (BMD) is the standard method for 

testing antifungal susceptibility of dermatophytes 

and there was high sensitivity and specificity of 

disk diffusion method in relation to broth 

microdilution method with sensitivity for 

fluconazole was 98.1%, for itraconazole was 

96.6% and for terbinafine was 94.3%. Whereas 

specificity for fluconazole was 87.5%, for 

itraconazole was 75% and for terbinafine was 

72.7%. 
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