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Abstract

Background: Sporotrichosis is a fungal infection caused by Sporothrix schenckii complex, usually restricted to the
skin, subcutaneous cellular tissue, and adjacent lymphatic vessels. Antimicrobial photodynamic therapy (aPDT)
could be a good alternative to manage localized, superficial infections. Case report: A 65-year-old African woman
was diagnosed with a fixed cutaneous sporotrichosis on her left arm, treated with itraconazol and oral terbi-
nafine with partial improvement. Topical 16% methyl aminolevulinate (MAL, Metvix�)-PDT was used without
success. Methods: An in vitro photoinactivation test with the isolated microorganism revealed phenothiazinium
salts to be more effective than MAL. Conclusions: PDT with intralesional 1% methylene blue (MB) in combi-
nation with intermittent low doses of itraconazole obtained complete microbiological and clinical response.

Introduction

Sporotrichosis is a fungal infection caused by the
dimorphic organism Sporothrix schenkii complex. The

disease has several clinical manifestations, but is primarily
cutaneous with associated lymphadenopathy. Itraconazole
(100–200 mg) by day is the treatment of choice in most cases.
Potassium iodide and amphotericin B are also effective;
however, their adverse effects often weigh against its use.1

Photodynamic therapy (PDT) involves the combination of
harmless visible light combined with a photosensitizer (PS) in
the presence of oxygen, which generates reactive oxygen
species (ROS), which have a cytotoxic effect.2 As some PSs
bind rapidly and selectively to microbial cells, PDT has been
proposed as an alternative approach for localized infections.
PDT may be an effective treatment option for patients with
recalcitrant fungal infections3 and subcutaneous mycoses.4

However, the available in vivo data, mostly obtained with
aminolevulinic acid (ALA) and its derivate methyl aminole-
vulinate (MAL),5 and less often with methylene blue (MB),6

are not sufficient to support its routine clinical use. In the case
of sporotrichosis, there are no published studies using PDT
either in vitro or in vivo.

Here, we report on a patient with recalcitrant cutaneous
sporotrichosis successfully treated with PDT combined with
low and intermittent doses of itraconazole, based on in vitro
photodynamic inactivation studies.

Case Report

A 65-year-old black woman from Guinea (Africa), with a
personal history of chronic hepatitis C and fixed cutaneous
sporotrichosis on her left arm, presented with five very
painful, ulcerated, indurated nodules *2–4 cm in diameter.
She had received different treatments, such as itraconazole
200 mg/day for 10 weeks, which had to be terminated be-
cause of significant increase of her liver enzymes, and also
terbinafine daily for 3 months, with partial improvement.

Considering her underlying liver disease, the localized
form of her sporotrichosis, and our good experience using
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MAL-PDT to treat cutaneous and nail mycoses,7,8 we used
PDT and added oral itraconazole intermittently, depending
upon her liver enzyme levels. After informed consent, we
firstly used MAL 16% cream (Metvix, Galderma, La Défense,
Cedex, France) applying it on the lesions and 1 cm around,
under occlusion and protected from the light for 3 h (Tega-
derm, 3M Healthcare, St. Paul, MN). After that, the lesions
were illuminated using a 635 nm light-emitting diode (LED)
lamp (Aktilite�, Photocure ASA, Oslo, Norway, 37 J/cm2 to
each lesion). Treatment was administered for three sessions,
one every 2 weeks, but the intense pain associated with the
treatment (score 8 on a visual analogue scale from 0 to 10),
together with the lack of significant clinical improvement,
led us to explore an alternative approach.

In order to explain the lack of efficacy of MAL-PDT in this
patient, we studied the in vitro photosensitivity of the
S. schenkii fungal cells isolated from the patient.

Materials and Methods

Photosensitizers and chemicals

MAL was purchased from Sigma Aldrich� (St Louis, MO).
MB, new methylene blue (NMB) and 1,9-dimethylmethylene
blue (DMMB) were purchased from Aldrich� (Gillingham,
UK). Culture media were Sabouraud dextrose agar (SB)
CM0041 and Columbia blood agar (Oxoid LTD, Hamp-
shire, England). Cloramphenicol was added to the culture
as antibacterial agent (Sigma Aldrich, St Louis, MO). Sol-
vents and reagents were ethanol (Alcohocel�, Barcelona,
Spain), distilled water, and physiological serum (Fresenius
Kabi�, Spain).

Light sources

Fungus was irradiated using an LED-based lamp emitting
at 639.8 – 10 nm with an irradiance of 19.0 mW/cm2.

Microorganisms and growth conditions

The mould-to-yeast form conversion was obtained by
transferring the fungus to blood agar and incubating at 35�C
in 5–10% CO2. Stock inoculum suspensions of the yeast form
were prepared in distilled water. Cell viability was assessed
by counting the number of colony-forming units (CFUs) after
an incubation period of 1 week at 30�C on SB with chlor-
amphenicol 50 mg/L. The sample optical density McFarland
values were adjusted to 0.5.

In vitro photodynamic inactivation of yeasts

Starting from a 7-day-old yeast culture, suspensions of the
0.5 McFarland value were prepared in double-distilled
water. Ninety microliters of these suspensions were dis-
pensed into wells of a microtiter plate, and different con-
centrations of MAL or any of the three phenothiazinium dyes
were added. The suspensions were then maintained at 35�C
in the dark for 3 h for MAL and 15 min for others. After-
wards, fugal cells were subjected to LED illumination at
room temperature using a fluence of 37 J/cm2 (30 min, 5 cm
distance). Fungal cultures grown under the same conditions
with PS in the dark, or illuminated without PS, served as
controls. After the treatments, samples and controls were
incubated on SB plates at 35�C for 1 week, and the antifungal

effect was determined by calculating the number of CFU per
mL in samples and controls.

Results

Under the experimental conditions described, PDT with
MAL did not inhibit the growth of the fungus, even using
high concentrations (from 0 to 6 M) (Fig. 1). However, all the
phenothiazinium dyes (MB, NMB, or DMMB) obtained a 6
log10 fungicidal effect with 1, 1.25, and 1.5 lM of NMB, MB,
and DMMB, respectively (Fig. 1).

Based on these in vitro results, we decided to try PDT
using MB, because out of the three phenothiazinium salts
tested, it was the one available in pharmaceutical grade. The
clinical protocol used was based on that proposed by Tar-
divo et al.9: 1% MB solution (Carreras, Barcelona, Spain) was
intralesionally injected until the lesion became dark blue (Fig.
2A and B). Twenty minutes after injection, each lesion was
irradiated with a fluence of 37 J/cm2 using the Aktilite lamp.
Irradiation was painful, but less than with MAL-PDT (score
4). The treatment was repeated every 2 weeks for 3 months.
Microbiological cultures were performed after every PDT
session, and one histological study was made after the third
one. No fungal structures were observed in the cutaneous
tissue, and in the cultures only 1 CFU grew after the second
PDT session, significantly less than the abundant growth
obtained before PDT was started. The small lesion showed
complete clinical response after three sessions of MB-PDT,
whereas the two larger ones required two additional sessions
to ensure complete clinical and microbiological response
(Fig. 2C).

Discussion

The present study has demonstrated for the first time that
PDT could be useful in treating local cutaneous sporotri-
chosis. Additionally, an innovative aspect of this clinical case
is the addition of the in vitro photodynamic inactivation test

FIG. 1. In vitro photosensitivity study of the Sporothrix
schenkii fungal cells isolated from the patient after incubation
with several concentrations of methyl aminolevulinate
(MAL), methylene blue (MB), new methylene blue (NMB),
and 1,9-dimethylmethylene blue (DMMB) and irradiating
with a light-emitting diode (LED)-based lamp emitting at
639.8 – 10 nm with an irradiance of 19.0 mW/cm2 using a
fluence of 37 J/cm2.
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with the isolated microorganism in order, first, to explain the
MAL-PDT failure, and, second, to establish fungal suscepti-
bility to an alternative PS.

To our knowledge, the fungicidal effect of PDT against
S. schenkii complex has not been previously reported. MAL-
PDT has been shown to be effective in different superficial
mycoses: dermatophytes,10, yeasts, and non-dermatophyte
molds.8 Based on these clinical reports, we chose this pho-
tosensitizer as the first option to treat our patient. However,
from the in vitro study, we found, at least for this particular
Sporothrix strain, that it was more photosensitive to phe-
nothiazinium salts than MAL-Protoporphyrin IX (PpIX).
Additionally, the higher clinical efficacy of MB-PDT com-
pared with MAL-PDT in this case could be the result of the
method of administration: intralesional for MB versus topical
for MAL.

S. schenckii complex is a thermally dimorphic fungus that
produces melanoid pigments, such as melanin and pyome-
lanin, that are considered to be important virulence factors.11

Optical interference by the highly absorbing melanoid pig-
ments together with the antioxidant effect of melanin could
limit the efficacy of PDT for this fungus. Light absorption
interference with melanin would be expected to be lower for
MB (absorption peak 654 nm) than for PpIX (low peak in the
630 nm). Furthermore, MB has a much higher molar ab-
sorption coefficient in the red spectrum than PpIX, and
would give higher ROS production for the same fluence. It

could be possible that the melanin content of Sporothrix spp.
could scavenge the ROS produced by MAL-PDT but was
insufficient to scavenge higher amount of ROS produced
during MB-PDT.

MB-PDT has been proven to be effective against chromo-
blastomycosis, another subcutaneous mycosis resistant to
conventional antifungal drugs, caused by dematiaceous
fungal species. It was highly effective in killing the samples
of Fonsecaea pedrosoi and Cladophialophora carrionii tested
in vitro, and also in treating clinical lesions.12 On the other
hand, Yang et al.13 used ALA-PDT to treat a patient with
chromoblastomycosis caused by Fonsecaea monophora, ob-
taining partial improvement.

Sporotrichosis has been also successfully treated using
local hyperthermia.1 In the case of PDT, the efficacy cannot
be attributed to hyperthermia, because the temperature was
controlled during the in vitro studies, and the lamp used for
the in vivo studies, Aktilite, was fitted with a fan to maintain
the temperature of the treated area.

The use of PDT as an adjuvant treatment combined with
conventional antimicrobial therapy can lead to an overall
improvement in the efficacy of the antifungal chemotherapy,
as well as in reduction in the duration of antifungal admin-
istration, and to lower toxicity to the patient.4 It has been
shown that the efficacy and safety of either an itraconazole
pulse regimen for cutaneous sporotrichosis (200 mg b.i.d. for
1 week and off for 3 weeks, for 48 weeks) or the continuous

FIG. 2. (A) Ulcerated nodules on the arm after being
treated with three sessions of methyl aminolevulinate pho-
todynamic therapy (MAL-PDT). (B) Intralesional injection of
1% methylene blue (MB) solution in the nodules until they
became dark blue. (C) After four sessions of MB-PDT and
intermittent low doses of itraconazole (100 mg/day).

56 GILABERTE ET AL.



regimen (100 mg b.i.d. for 48 weeks).14 However, we have to
keep in mind that prolonged exposure to itraconazole, ad-
ministered either continuously or intermittently, may pre-
cipitate severe and irreversible hepatotoxic events, either in
asymptomatic patients or, especially, in those with risk fac-
tors, such as our patient with hepatitis C.15 In the present
case, the results of the cumulative effect of itraconazole
would be related to the possibility of clinical response, which
would have to be considered. Even though itraconazole had
to be stopped because of liver toxicity, it had been taken for
several weeks at high doses without response. On the other
hand, itraconazole-resistant strains of S. schenckii complex
have been previously reported.16

One of the advantages of antimicrobial photodynamic
therapy (aPDT) is its broad spectrum activity and the non-
specific action, which allows it to be effective reagardless of
the etiologic agent.3 However, some PSs are more effective in
photoinactivating some microorganisms than others. Our
case supports the usefulness of in vitro photosensitivity
testing in order to choose the most effective PS for every
patient, in the same way that antibiograms select the most
effective antibiotic for each bacterial isolate.
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