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Background: The treatment of onychomycosis is a challenge and infections are typically more severe and difficult to treat in toenails than 
in fingernails.
Objectives: The current study aimed to investigate the fungicidal effect of ultraviolet radiation on the growth of dermatophytes isolated 
from nails.
Patients and Methods: Samples from patients with clinical manifestations of onychomycosis were inoculated onto Sabouraud dextrose 
agar and incubated at 30°C for 14 days. Isolated species were identified by specific laboratory examinations; UV-A, UV-B, and UV-C light were 
used to irradiate two strains of Trichophyton mentagrophytes and T. rubrum. Colony count, size and growth rate of the isolated fungi were 
evaluated under laboratory conditions.
Results: Trichophyton rubrum type 1 was less sensitive to UV-A and UV-C, and more sensitive to UV-B than type 2. T. mentagrophytes type 2 
was slightly responsive to UV-A therapy, although no decrease in colony count was observed. Increased doses of UV-B and UV-C irradiation 
decreased the counts. The effect of radiation on colony size was dependent on the dose and type of irradiation.
Conclusions: UV-A, UV-B, and UV-C light seem to be effective in decreasing colony growth of the most prevalent fungi, which caused 
onychomycosis in the current study samples. Further studies are needed to determine the efficacy of ultraviolet light therapy, identify 
possible side effects, and establish appropriate dosages for the antifungal effect of this therapy.
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1. Background
Dermatophytosis, one of the most common infectious 

diseases in the world, can be caused by dermatophyte 
fungal species of the genera Trichophyton, Microspo-
rum and Epidermophyton. Onychomycosis is a fungal 
infection of the nails, which may be caused by many 
types of fungi, other dermatophytes or yeast species 
(1). Treatment of onychomycosis is a challenge and in-
fections are typically more severe and difficult to treat 
in toenails than in fingernails (1). Optimal treatment 
of onychomycosis is extensively discussed. Treatment 
requires long-term therapy with oral antifungal medi-
cation (with the cure rates ranging from 48% to 76%) 
which may have side effects, and/or topical agents such 
as ciclopirox (34% cure rate) (2, 3). Oral therapies (terbi-
nafine, itraconazole) provide access to the nail bed and 
matrix and are also used to treat concomitant skin in-
fections such as tinea pedis. To prevent side effects prior 
to and periodically during oral therapy, liver function 
should be controlled. The newer imidazoles may lead to 
a higher cure rate (4), but these drugs are considerably 
more expensive than routine treatments. Topical thera-

pies are associated with low rates of adverse events and 
mild localized reactions at the application site, but due 
to inadequate penetration, especially when the nails are 
thick, their efficacy is limited. 

UV radiation induces DNA damage leading to inactiva-
tion of the pathogenic fungus commonly measured by 
viability count. UV-A with long wavelength (315 - 400 nm) 
rays has a slow effect on the skin and is poorly absorbed 
by the ozone layer. This ray is 1,000 times more common 
than UV-B with the middle-range of 290 - 320 nm that 
causes visible damage, commonly observed as redness 
and blistering and are a major cause of sunburn and skin 
cancer (5). UV-C with wavelengths less than 290 nm (100 
- 280 nm) is the shortest and has the highest UV energy. 
It is filtered by the ozone layer; these wavelengths do not 
reach the earth surface and do not penetrate the atmo-
sphere. Its rays are the most powerful, and do not dam-
age human skin. UV-A radiation can penetrate glass and 
clouds. Thus, people are exposed to large doses of UV-A 
throughout their life, but UV-B rays do not penetrate 
glass (5). High doses of UV-A and UV-B radiation have 
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significant inhibitory effects on dermatophytes (6). The 
antibacterial activity of UV-C radiation reduces the num-
ber of bacteria on environmental surfaces and vegetative 
bacteria including Mycobacterium tuberculosis, viruses 
and fungi (7, 8).

2. Objectives
The current study aimed to investigate the fungicidal ef-

fect of UV radiation on the growth of dermatophytes iso-
lated from nails, considering the low efficacy of current 
treatment options and ease of exposing nails to UV light.

3. Patients and Methods
The sample comprised all the patients referred to the 

dermatology clinic (Shahid Faghihi hospital, Shiraz 
University of Medical Sciences, Iran) with suspected 
onychomycosis. The inclusion criteria were clinical 
manifestations such as distal or proximal sub ungula on-
ychomycosis, white superficial onychomycosis, pitting, 
paronychia, onycholysis and nail plate discoloration. All 
diagnoses were confirmed by the mycology laboratory 
of Shahid Faghihi Hospital, Shiraz University of Medi-
cal Sciences, Iran. Since this procedure was part of the 
patients’ usual treatment protocol, informed consent 
for research purposes was not specifically sought. Frag-
ments of nail plate and nail bed scrapes were inoculated 
onto Sabouraud dextrose agar (SDA) (Merck, Germany) 
with the antimicrobials cycloheximide (Sigma-Aldrich, 
Germany) and chloramphenicol (Merck, Germany) (9), 
and incubated at 30°C for 14 days. Isolated species were 
identified by macroscopic examination of colony mor-
phology (size, color of the colonies from the top and 
bottom of the plate, and growth rate). Microscopic ex-
aminations were performed to identify dermatophyte 
species using lacto phenol-cotton blue and diagnostic 
methods such as growth on trichophyton agar media 
(Quelab, UK) and rice, and hair perforation test were 
performed to identify (9).

To determine the influence of different doses of UV 
light on the fungicidal effect, colony count and size, and 
growth rate of the isolated fungi were evaluated under 
laboratory conditions. Two strains of Trichophyton men-
tagrophytes and two strains of T. rubrum were isolated 
from the patients and used in the current study. Tricho-
phyton rubrum type 1 was white and had fluffy colony with 
pink to burgundy on reverse. Type 2 was granular with 
powdery-velvet, radially folded and pale brown in color 
and the reverse was dark tan. T. mentagrophyte type 1 was 
downy, floccose and white in color with the fade yellow 
on reverse. Finally, type 2 was coarsely granular and light 
buff in color with the buff-tan color on reverse.

As in the skin samples from patients, only mycelium can 
be observed, in the current study mycelial colonies were 
harvested, suspended in Sabouraud dextrose broth (SDB) 
(Merck, Germany) and dispersed to small part suspen-
sions using a sonic dismembrator (Dr. Hielscher GmbH, 

Stahnsdorf, Germany). Cell densities of the suspensions 
were counted in a Neubauer hemocytometer (Hausser 
Scientific, Horsham, PA, USA), and reached 105 pieces/
mL. Fifty µL of suspension was inoculated onto SDA to 
observe macroscopic and microscopic colony character-
istics. In each test, a 10 mL aliquot of the dermatophyte 
suspension was inoculated onto a petri dish. UV-A and 
UV-B lights were supplied by a Waldmann UV801KL ap-
paratus (Waldmann, Villingen-Schwenningen, Germa-
ny) at 470 W, and UV-C light was supplied by an F30T8/
GL apparatus (Young deungpo-Gu, Seoul, South Korea) 
at 30 W. Five different doses of UV light were used: UV-A 
(315 - 400) 3, 6, 9, 12, 15 J/cm2, UV-B (280 - 315) 0.5, 1, 1.5, 2, 
2.5 J/cm2 and UV-C (100 - 280) 0.3, 0.6, 0.9, 1.2, 1.5 J/cm2. 
One positive control without exposure to UV light was 
cultured in each round with the test samples. The dis-
tance between the UV light source and the sample was 
30 cm. This distance is widely used in dental and cos-
metic fields to sterilize tools (10). In the current study, 
for UV-A and UV-B radiation, the lamps were utilized in 
the centers for dermatological diseases in order to ob-
tain some practical implications.

Since radiation reduces the volume and raises the count 
because of evaporation, which may lead to errors, the 
specimen volumes were made up to the primary volume 
(10 mL) after irradiation, with SDB. For each irradiated 
specimen, the fungicidal effect of UV was evaluated by 
preparing five cultures to incubate at 30°C under labo-
ratory conditions; therefore, 75 cultures for each fungus 
were prepared. Colony size, morphology and count, and 
growth rate of all isolates were checked in the plates 
every two days and mean values were calculated. Since 
most colony growth occurs during the first 14 days, the 
results were graphed after this period. All statistical anal-
yses were conducted using Microsoft Excel software.The 
current research conformed to the Helsinki Declaration 
and local legislation, and was approved by the local eth-
ics committee (91-5) in Clinical Microbiology Research 
Center, Shiraz University of Medical Sciences.

4. Results
In response to the UV treatments, compared with sus-

pension control without irradiation, colony morphology 
for each dermatophyte remained unchanged, but colony 
count and size changed depending on the species and 
type of isolate. Of the two T. rubrum isolates (Figure 1), 
type 1 was less sensitive to UV-A and UV-C, and more sen-
sitive to UV-B. Continuous irradiation with the UV-A and 
UV-B doses used in the study did not completely suppress 
the growth of the isolates, but higher intensities of UV-C 
light inhibited the growth of T. rubrum.

Of the two T. mentagrophytes isolates (Figure 2), colony 
count in type 1 decreased as the dose of all three types of 
UV radiation increased. However, colony count in T. men-
tagrophytes type 2 showed different patterns as the dose 
of UV radiation increased. Type 2 strain was slightly re-
sponsive to UV-Abut compared to control cultures; there 
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was no significant effect on colony count. Neither UV-B 
nor UV-C decreased the type 2 colony counts at low doses, 
but higher doses led to decreases in colony counts.

According to Table 1, UV-A irradiation led to a slight in-
crease in colony size in the four strains except T. mentagro-
phytes type 1, in which colony size increased with the low-
est dose of irradiation and significantly decreased with 
increasing the doses. Irradiation with UV-B increased 

colony size in T. mentagrophytes type 2, but in type 1 UV ray 
increased colony size at the lowest dose and decreased 
colony size with increasing doses. UV-B irradiation de-
creased colony size in T. rubrum type 2 but had no signifi-
cant effect on type 1 or either of the two strains of T. men-
tagrophytes. Irradiation with UV-C decreased colony size 
except for T. mentagrophytes type 2, in which higher doses 
increased colony size.

Figure 1. Trichophyton rubrum Type 1 and Type 2
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Figure 2. Trichophyton mentagrophytes Type 1 and Type 2
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Table 1.  Mean Diameter of Colony Size for the Fungi Isolated From Patients With Onychomycosis After 14 Days a

UV light b Trichophyton mentagrophyte 1 T. mentagrophyte 2 T. rubrum 1 T. rubrum 2

UVA 0 14 ± 1.1 13 ± 1.1 12 ± 1.1 23 ± 2

UVA 3 20 ± 1.5 13 ± 1.1 13 ± 1.1 23 ± 1.9

UVA 6 20 ± 1.6 13 ± 1.1 13 ± 1.1 23 ± 2

UVA 9 7 ± 0.8 14 ± 1.1 13 ± 1.1 26 ± 2

UVA 12 4 ± 0.5 15 ± 1.2 13 ± 1.1 26 ± 1.9

UVA 15 3 ± 0.5 15 ± 1.2 13 ± 1.1 26 ± 1.9

UVB 0 14 ± 1.1 13 ± 1.1 12 ± 1.1 23 ± 1.8

UVB 0.5 22 ± 1.6 16 ± 1.2 13 ± 1.1 17 ± 1.3

UVB 1 20 ± 1.6 16 ± 1.2 13 ± 1.1 16 ± 1.3

UVB 1.5 9 ± 1 20 ± 1.9 12 ± 1.1 10 ± 1.0

UVB 2 6 ± 0.5 20 ± 1.9 12 ± 1.1 10 ± 1.0

UVB 2.5 5 ± 0.5 20 ± 2 11 ± 1.1 8 ± 0.9

UVC 0 14 ± 1.1 13 ± 1.1 12 ± 1.1 23 ± 2

UVC 0.3 12 ± 1.1 9 ± 0.9 8 ± 0.9 20 ± 1.9

UVC 0.6 11 ± 1.0 9 ± 0.9 8 ± 0.9 20 ± 1.9

UVC 0.9 10 ± 1.0 8 ± 0.9 8 ± 0.9 20 ± 1.9

UVC 1.2 7 ± 0.9 20 ± 1.9 8 ± 0.9 20 ± 1.9

UVC 1.5 6 ± 0.8 20 ± 1.9 7 ± 0.9 20 ± 2
a  Values are presented as mean ± SD.
b  Values are presented as J/cm2.

5. Discussion
According to obtained data, UV light can affect colony 

count and size of T. rubrum and T. mentagrophytes in the 
culture, the two fungal species frequently isolated from 
patients with onychomycosis. The estimated preva-
lence of onychomycosis caused by these species ranges 
from 10 to 21.3% in the general population in Australia, 
the United Kingdom and Iran (11, 12). This prevalence 
rate may increase to 30% in specific populations such 
as people over 70 years old (13-15). It is challenging to 
determine the optimal treatment and circumventing 
drug resistance in pathogenic fungi, including derma-
tophytes. Since the nails and skin are being exposed to 
sunlight, many photodynamic treatments are devel-
oped in dermatologic studies. For example, UV light 
therapy is investigated in diseases such as scleroderma 
(16) and onychomycosis (17). 

The mechanism of UV radiation is the primary pho-
tochemical reaction, which damages DNA and affects 
survival and rate of germination (18). This molecular 
change makes the DNA unstable for essential biologi-
cal processes such as transcription and replication. As 
a rule, the simpler the microorganism is in anatomical 
terms, the more easily it is inactivated by UV radiation. 
This is why viruses and prokaryotic cells such as bacteria 
are more easily destroyed than a complex of microor-
ganisms such as eukaryotic cells, yeasts and vegetative 
fungi. In particular, fungal spores in which the DNA is 

protected by a concentrated cytoplasm and pigmented 
cell wall need high doses of UV energy to be destroyed.

Some data suggest that solar UV radiation can inhibit 
the growth of fungi on the soil surface in the antarctic ter-
restrial environment (19), and has disinfectant effects that 
can vary depending on the type and dosage of irradiation, 
condition of the surface and exposure time. The effective 
exposure time was reported to be 45 minutes for yeast 
and 75 minutes for mold (20). Different doses of UV-B light 
show different effects on the growth of Candida albicans. 
Increasing doses of UV-B strongly reduced hyphal growth 
in this fungus and triggered enhanced blastospore forma-
tion (21). The mechanism of resistance to UV radiation is 
not completely known, but intra hyphal growth and recol-
onization of old cells by new ones were observed in all the 
strains investigated by Gorbushina et al. (22).

In the present study, UV-C radiation affected T. rubrum 
type 1: as the dose increased, colony count decreased. 
However, supplementary therapy may still be needed 
(7, 8). Irradiation with UV-A and UV-B also decreased the 
colony count of some strains tested in the current study 
which was proportional to the dose. This finding may be 
due to the synthesis of new hyphae through the old hy-
phae not exposed to irradiation, or may be related to the 
age of the exposed hyphae (i.e. recolonization of older hy-
phae) in the suspension. Trichophyton rubrum is one of the 
most frequent causal agents in nail infections, and recur-
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rence of the infection and resistance to therapy are the 
most important limitations to treatment success for this 
anthropophilic dermatophyte (22). This species was unaf-
fected by infrared irradiation, responded with increased 
pigmentation to UV-A at13.5J/cm2 twice daily, and was in-
hibited by a single dose of UV-B at 15.1 J/cm2 (6).

Trichophyton mentagrophytes may be anthropophilic 
or zoophilic in nature. The anthropophilic type causes 
chronic infection but the zoophilic type causes inflam-
matory lesions. Growth rates, surface colony color and 
the texture of colony morphology are different in each 
strain. The current study compared two strains of T. men-
tagrophytes. According to Figure 2, UV-A, UV-B and UV-C 
had similar effects on T. mentagrophytes type 1, but affect-
ing type 2 strains differently. The negative phototropism 
of dermatophytes were reported previously (6). Increas-
ing pigmentation in response to UV-A (13.5 J/cm2 twice 
daily) was observed in T. rubrum (6). Electron microscopy 
studies showed a marked thickening and blurred con-
tours of the cell walls grown with a brightener effect 
related to interference by optical brighteners with the 
formation of normal chitin fibrils and thickening of the 
cell walls (23). 

In the present study, increasing doses of UV-A, UV-B 
and UV-C irradiation increased colony size in T. men-
tagrophytes type 2. It is well known that UV radiation 
damages human tissues, particularly the skin. UV-B ir-
radiation of the skin is particularly well studied, and is 
accepted as the main cause of skin cancer. The depth of 
penetration of UV-C radiation into the human skin is 
very low; therefore, the risk of skin cancer associated 
with this type of treatment is low. There are studies 
which report the treatment of localized infections with 
multidrug-resistant microorganisms (24) and subun-
gual onychomycosis (25) with UV-C light irradiation and 
favorable responses. As mentioned in these studies, the 
cases were limited and side effects should be taken into 
account more carefully. When UV irradiation is used to 
treat onychomycosis, it is important to minimize expo-
sure by carefully masking the area with adhesive materi-
al. In addition, the dose of radiation must be minimized 
by careful dosimetery calculated with reference to the 
individual patient’s nails, the etiologic agent, and opti-
cal properties.

A potential limitation of this study was the limited 
availability of human nail samples. If there were enough 
samples, by using different types and doses of irradiation 
such as UV-A UV-B and UV-C for every single nail sample 
separately, the current study could directly examine the 
effects of radiation on them, but since the volume of sam-
ples was low, they were just cultured after the isolation 
of fungal strains and it was possible to evaluate different 
types and doses of irradiation in the isolated strains. UV-
A, UV-B and UV-C seem to be effective in decreasing colony 
growth in some prevalent fungi, which caused onycho-
mycosis in the patients. Further studies are needed to de-
termine the efficacy of this therapy, identify possible side 

effects and establish appropriate dosages for the antifun-
gal action of UV radiation therapy.
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