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Research Paper
In Vitro Enzymatic Virulence Factors of Dermatophytes 
Species Isolated From Clinical Specimens

Background: Dermatophytes are keratinophilic fungi that affect the stratum corneum of 
the skin and keratinous structures. Violent factors play a vital role in the pathogenesis and 
antifungal resistance of dermatophytes. 

Objective: This study aims to evaluate the activity of extracellular enzymatic and biofilm 
formation as virulence factors of dermatophyte isolates.

Methods: Fifty-eight dermatophyte isolates belonged to 27 Trichophyton. rubrum (46.6%), 
19 T. mentagrophytes (32.8%), and 12 Microsporum. canis (20.7%) for evaluating the 
activity of phospholipase, hemolysin, proteinase, and biofilm formation were examined. 
The biofilm formed was analyzed by scanning electron microscopy (SEM).

Findings: Evaluation of extracellular enzymes production revealed that 86.2%, 77.6 
%, and 57% of dermatophyte strains were shown to be phospholipase, hemolysin, and 
proteinase producers, respectively. Furthermore, all isolates of T. rubrum and M. canis can 
produce phospholipase and hemolysin, respectively. There was a statistically significant 
difference between phospholipase activity and dermatophyte strains (P<0.05). In addition, 
biofilm formation ability was observed in 41.5% of dermatophyte isolates. The highest 
level of biofilm production was found in 93% of dermatophytes isolated from nail chips. A 
significant difference between biofilm formation with dermatophyte isolates and different 
body sites was observed (P <0.05).

Conclusion: The activity of hydrolytic enzymes and biofilm formation as important 
pathogenic factors may play a role in the persistence of dermatophytosis infections. Our 
results showed that dermatophyte isolates have enzymatic activity and biofilm production 
at different levels. Therefore, understanding the function of these factors is essential to 
controlling the spread of dermatophytosis infection.
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1. Introduction

ermatophytosis is one of the contagious 
fungal infections. This disease is the most 
common fungal infection in humans and 
animals [1] and can be transmitted through 
contact with hair, patient skin, animal 

wool, birds, and skin lesions [2]. Dermatophytes are 
a group of filamentous fungi which infect keratinous 
tissue of the human body, like skin, hair, and nails. 
This group of organisms is classified into three genera: 
Trichophyton, Microsporum, and Epidermophyton [3, 
4]. T. rubrum is the predominant etiologic agent in der-
matophytosis, followed by T. mentagrophytes, E. floc-
cosum, M. canis, or M. gypseum as etiologic agents 
isolated from patients with dermatophytosis [5].

Dermatophytosis is an important health issue, and 
its estimated prevalence is about 20% to 25% of the 
world’s population [6, 7]. Knowledge of the ecology 
and epidemiology of dermatophytes and the factors af-
fecting their transmission are of particular importance 
in prevention and treatment [8]. Sometimes some der-
matophytosis infections are associated with treatment 
failure and high rates of re-infection because the mech-
anism of pathogenesis and inflammatory responses are 
poorly understood [9].

Hydrolytic enzymes, including secretory proteinases, 
phospholipases, and hemolysin, are virulence factors 
of fungi that are important in pathogenesis [9, 10]. 
More than 20 proteases can be produced by dermato-
phytes involved in adhesion and invasion of the kera-
tin structure [11, 12]. In addition, the enzyme phospho-
lipase helps to invade dermatophytes by hydrolysis of 
phospholipids and hemolysin through the absorption 
of iron [13, 14]. Biofilm formation is another fungal 
pathogen that is one of the important causes of anti-
fungal resistance and frequent recurrence of infections 
by forming a dense cell network [15, 16]. Studies on 
the hydrolytic enzymes and the ability to form biofilm 
structures of dermatophytes are fewer than studies on 
the ability to produce these factors in Candida, Cryp-
tococcus, Aspergillus, Malassezia, and Histoplasma. 
Therefore, we aimed to evaluate and compare the ac-
tivities of proteinase, phospholipase, hemolysin, and 
biofilm formation in dermatophytes isolated from hair, 
skin, and nail lesions.

2. Materials and Methods 

Fungal strains

A total of 58 dermatophytes isolated T. rubrum (n=27), 
T. mentagrophytes (n=19), and M. canis (n=12) were 
examined. All isolates were collected from skin scrap-
ings (55%), nail chips (24%), and hair (21%) of patients 
with dermatophytosis referred to the dermatology clinic 
of Razi Skin Hospital in Tehran, Iran. All isolates were 
inoculated onto Mycobiotic agar containing chloram-
phenicol (0.5 g/L) and cycloheximide (0.5 g/L) (Merck 
Co, Darmstadt, Germany). These cultures were sent 
to the Department of Mycology, Qazvin University of 
Medical Science. The dermatophyte isolates were iden-
tified based on macroscopic and microscopic character-
istics with lactophenol catechin blue (LCB), the ability 
to hydrolyze urea, and hair perforation tests. All isolates 
were stored at -80°C until use. 

Production of hydrolytic enzymes

The enzymatic activity was assessed as previously 
reported [17, 18]. In brief, dermatophyte isolates were 
cultured on potato dextrose agar (Difco) and incubated 
at 28°C for two weeks. Conidia suspension was pre-
pared by covering the cultures with sterile saline, and 
the final concentration was adjusted to 0.5 McFarland 
(1×104 conidia per inoculum). 

The proteinase activity was evaluated by adding 
fresh cell suspension to BSA (bovine serum albu-
min) medium (2% dextrose, 0.1% KH2PO4, 0.05% 
magnesium phosphate, 2% agar, and 1% BSA). All 
plates were incubated at 37°C for 7 days. Phospholi-
pase activity was assessed by adding 10 μL of conidia 
suspension to the surface of each SDA medium plate 
containing 1 M NaCl, 5 mM CaCl2, and sterile egg 
yolk emulsion incubated at 37°C for 7 days. In addi-
tion, the hemolytic activity of isolates was evaluated in 
an SDA medium supplemented with 5% sheep blood. 
Similarly, aliquots of 10 μL of suspension of dermato-
phytes conidia were inoculated on the culture medium 
of hemolysis. The cultures were incubated for 7 days 
at 37°C. The enzymatic activity values for each iso-
late were calculated by the ratio of colony diameter (a) 
to colony diameter plus the diameter of the clear zone 
(mm) around the colony (b). Enzyme activities were 
expressed as Pz (a/b) value. The enzyme activity assay 
was repeated three times for each strain [19]. 

D
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Biofilm formation

Biofilm evaluation was performed based on the meth-
od described by Toukabri et al. with some modifications 
[15]. Briefly, the conidia suspension (1×106 conidia per 
inoculum) in RPMI-1640 medium (Sigma, St Louis, 
MO, USA) was prepared, then 200 μL aliquots of sus-
pension were transferred to 96-well polystyrene plates. 
After incubation at 37°C for 3 h, the wells were washed 
twice with sterile PBS to remove non-adherent cells. 
Then, 200 μL of RPMI was added for biofilm maturation 
in the wells, and the plates were incubated at 37°C for 72 
h. After this period, the wells were washed twice with 
sterile PBS and stained with crystal violet for 15 min. 
Finally, fixation was performed using ethanol-acetone 
(80:20, v/v). The absorbance values were determined us-
ing an ELISA reader at 630 nm. 

Biofilm microscopic analyses

The features of the T. rubrum filamentous structure 
were analyzed by scanning electron microscopy (SEM) 
[20]. In brief, the biofilm was prepared as described 
above. Then, biofilm cells were fixed with glutaralde-
hyde solution and incubated at 4°C overnight. After this 
time, the biofilms were dehydrated with various dilu-
tions of ethanol (20%, 40%, 60%, 80%, and 100%). 

Statistical analysis

The Pz values were analyzed by the Student t test in 
SPSS, version 22 (SPSS Inc., Chicago, IL, USA). The 
Chi-square test was used to compare the activity of hy-
drolytic enzymes between different isolates. P less than 
0.05 were considered significant.

3. Results

The results of virulence activity showed that 86.2% of 
the dermatophyte isolates had phospholipase activity. 
Maximum phospholipase production was seen in all T. 
rubrum strains (100%) (Table 1). Among positive phos-
pholipase isolates, 14 strains (24%) had high activity, 19 
strains (32.8%) as moderate producers, and 17 isolates 
(29.3%) as weak producers (Figure 1a). There was a sta-
tistically significant difference between phospholipase 
activity and dermatophyte strains (P<0.05). In contrast, 
no significant relationship was observed between en-
zyme activity and different body sites (P>0.05).

The hemolytic enzyme activity was observed in 45 
dermatophyte isolates (77.6%). All isolates of M. canis 
(100%) showed the ability to produce hemolysin, while 
77.8% of T. rubrum and 63.2% of T. mentagrophytes 
could produce hemolysin (Table 1). Low hemolysin ac-
tivities were detected in 25 strains (43%) tested, whereas 
20 isolates (34.5%) presented moderate activity (Fig. 
1b). There was no statistically significant difference be-
tween hemolysin activity with dermatophyte strains and 
different body sites (P> 0.05).

Among the dermatophyte isolates tested, protein-
ase activity was observed in 57% of the isolates. The 
results showed that the ability to produce proteinase 
of T. rubrum species (70.4%) is higher than T. men-
tagrophytes and M. canis (Table 1). According to the 
enzymatic activity classification, 9 cases (15.5%) had 
strong activity, 20 (34.5%) were classified as moder-
ate producers, and 4(7%) had low activity (Figure 1). 
Statistical results showed no significant difference be-
tween proteinase activity with dermatophyte strains 
and different body sites (P> 0.05).

Table 1. Virulence factors (phospholipase, hemolysin, and proteinase) for different species of dermatophyte

Phospholipase Activity (n) 

Virulence Factors

No. (%)

Hemolysin Proteinase Activity Species

T. rubrum (n=27) 27(100) 21(77.8) 19(70.4)

T. mentagrophytes (n=19) 14(73.7) 12(63.2) 9(47.4)

M. canis (n=12) 9(75) 12(100) 5(41.7)

Total (n=58) 50(86.2) 45(77.6) 33(57)

P 0.000* 0.058 0.147*

* Significant.
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The rate of biofilm production was detected in 41.5% 
of dermatophyte isolates (Table 2). Among positive 
biofilm isolates, 5 strains (8.6%) of dermatophytes 
were classified as strong biofilm producers, 12 strains 
(20.8%) as intermediate producers, and 7 isolates 
(12%) as weak biofilm producers. Biofilm production 
was not noted in M. canis isolates, while the maximum 
biofilm production capacity was reported in 55.6% of 
T. rubrum. A significant difference between biofilm 
formation with dermatophyte isolates was observed 
(P<0.05). On the other hand, biofilm production at the 
highest level was found in 93% of dermatophytes iso-
lated from nail chips (Table 2). There was a statistically 
significant difference between biofilm production and 
different body sites (P<0.05). The result of SEM of the 
network of dense hyphal by T. rubrum isolated from a 
nail chip is shown in Figure 2.

4. Discussion

The pathogenesis of dermatophytosis infections is 
due to their virulence factors and host resistance [21]. 
Despite studies on the keratinolytic activity of derma-

tophytes, the association between other enzymes pro-
duced by the fungus and the clinical manifestations of 
dermatophytosis is not well understood [22, 23]. Ac-
cording to our results, 86.2% of dermatophyte isolates 
could produce phospholipase, of which 100% of T. ru-
brum strains revealed higher phospholipase activity than 
T. mentagrophytes and M. canis. Phospholipases, as 
one of the virulence markers, facilitate the colonization 
of host cells by attaching the fungus to the target tissue 
and destroying the cell membrane following the hydro-
lysis of phospholipids [24]. These results are consistent 
with previous results and confirm the importance of this 
enzyme in the first stage of dermatophytosis infection 
and fungal colonization. Gnat et al. reported that 96% 
of dermatophyte isolates from clinical specimens were 
phospholipase producers [25]. Muhsin et al. showed 
that all dermatophyte species produced phospholipase 
[17]. Iron uptake is an essential requirement for the inva-
sion of fungi, which is caused by the enzyme hemoly-
sin with a cytotoxic effect on erythrocytes cells. In our 
study, M. canis isolates rendered the highest hemolysin 
activities, while T. mentagrophytes isolates showed the 
lowest activity of this enzyme. The enzyme hemolysin 

Table 2. Biofilm formation of dermatophyte species isolated from clinical samples

Variables
Species Anatomical Site

T. rubrum (n=27) T. mentagrophytes
(n=19) M. canis (n=12) Skin (n=32) Nail (n=14) Hair (n=12)

Biofilm formation 15 (55.6%) 9 (47.4%) - 11 (34.4%) 13 (93%) -

P 0.000* 0.000* -

* Significant.
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Figure 1. Median Pz values of phospholipase 

(A), hemolysin (B), and proteinase (C) activities in dermatophyte isolates recovered from skin, nail, and hair samples.

Three replicates were used for each isolate, with the mean of each represented.
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is produced for dermatophyte survival strategies during 
infection [13]. These enzymes may play an important 
role in balancing host immunity and the ability of der-
matophytes to reduce the immune response. Similarly, 
Aneke et al. reported that 100% of M. canis isolated 
from human clinical samples produced hemolysin [26]. 
Ramos et al. showed that all strains of M. canis could 
produce hemolysin. In this study, low and moderate lev-
els of enzyme production were observed in 84.6% and 
15.4% of the strains, respectively [19]. In our study, most 
dermatophyte isolates (43%) presented low hemolysin 
production, and none of the strains showed high activity. 
The low level of hemolysin production may be due to 
the negligible contact of fungal elements with the host’s 
blood during infection [19].

Protease enzyme with proteolytic activity and protein 
breakdown plays a major role in the penetration of der-
matophytes during infection [27]. Studies have shown 
that the secretion of proteases by dermatophytes is es-
sential for their pathogenicity [11]. Our study showed 
that protease activity in T. rubrum (70.4%) is higher than 
in T. mentagrophytes (47.5%) and M. canis (41.7%). The 
study by Gnat et al. showed that 100% of T. mentag-
rophytes produce protease. However, 80% and 67% of 
T. rubrum and M. canis, respectively, produce protease 
[25]. Ramos et al. reported that 100% of M. canis iso-
lates were capable of aspartic-protease activity at dif-
ferent levels [19]. These different results may be due to 
the type of host (human or animal) and the anatomical 
region. Biofilms are usually involved in the resistance 
of fungal agents to antifungals [28, 29]. Studies show 
that the ability to form biofilms may be related to the 
unresponsiveness of dermatophytes to antifungals [30, 
31]. In the present study, biofilm production was evalu-
ated by dermatophytes, and it was shown that the highest 

biofilm formation ability is related to T. rubrum (55.6%). 
The first study in Brazil, evaluating the ability to produce 
biofilms by T. rubrum and T. mentagrophytes isolates in 
vitro, showed that both species could form biofilm [16]. 
In addition, the highest level of biofilm production was 
found in 93% of dermatophytes isolated from nail chips. 
Studies show that the formation of fungal biofilms in 
nails contributes to chronic onychomycosis [32]. Bur-
khart et al. showed that biofilm cells attached to the nail 
plate provided the basis for the growth, survival, and 
chronicity of the infection [31]. Gupta et al. reported that 
the main cause of therapeutic resistance in onychomy-
cosis is biofilm formation, and treatment should include 
biofilm destruction [33].

5. Conclusion 

Generally, dermatophytosis infections are cutaneous, 
and the fungus inability to penetrate deep tissues. On 
the other hand, host immunological reactions lead to the 
production of mild to intense metabolic products. In ad-
dition, extracellular enzymes and biofilm formation as 
virulence factors are important in fungal pathogenesis. 
Therefore, it seems that standard methods for determin-
ing virulence factors are necessary. Also, the relationship 
between virulence factors and resistance to antifungals 
should be investigated. 

Ethical Considerations
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A
B

Figure 2. Demonstration of dense biofilm networks of trichophyton rubrum with scanning electron micrographs 

600× magnification in A and 5000× magnification in B (FEI scanning electron microscope with 200 µm and 20 µm scale, respectively).
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