
FUNGAL INFECTIONS OF SKIN AND SUBCUTANEOUS TISSUE (A BONIFAZ, SECTION EDITOR)

Sporotrichosis in Children: an Update

Andrés Tirado-Sánchez1,2 & Alexandro Bonifaz1

Published online: 30 May 2016
# Springer Science+Business Media New York 2016

Abstract Sporotrichosis, a disease caused by the saprophytic,
dimorphic fungus Sporothrix schenckii, is currently diagnosed
worldwide, especially in some tropical and subtropical areas.
The infection usually occurs after traumatic inoculation of
soil, plants, and organic matter containing the fungus.
Certain activities, such as floriculture, agriculture, mining,
and wood exploitation, and zoonotic transmission are associ-
ated with the mycosis. In humans, the disease is limited to
skin, subcutaneous tissue, and the proximal lymphatic. It oc-
curs commonly as lymphocutaneous or fixed lesions predom-
inantly affect the upper limbs and face, the latter location is
frequent in children. However, sporotrichosis in children is
uncommonly seen. Data about the disease on this specific
group of patients is scanty. The gold standard for diagnosis
is culture. Nevertheless, there are other recently added
methods (serological, histopathological, andmolecular) useful
for an accurate diagnosis. Itraconazole is the first choice of
treatment for sporotrichosis; however, potassium iodide is also
an effective option, mainly in children.
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Introduction

Sporotrichosis is an infectious disease caused by direct inoc-
ulation of the causative agents into the skin [1•]. The disease is
related to Sporothrix complex, which comprises three cryptic
species under Sporothrix schenckii (Sporothrix brasiliensis,
Sporothrix globosa, and Sporothrix luriei) and two environ-
mental fungi (Sporothrix mexicana and Sporothrix pallida),
and the original S. schenckii known as S. schenckii sensu
stricto [2, 3••]. The last one is the most important etiologic
agent. This fungal complex is composed by dimorphic species
differentiated by genetic and/or molecular analysis, which is
based on specific genetic sequences (chitin synthase, β tubu-
lin, and calmodulin) [4]. The molecular identification of these
species is important for proper classification [3••, 4].

Sporotrichosis is the most widespread implantation myco-
ses in the world; many cases have been reported in almost
every continent, especially in tropical and subtropical areas
[3••]. Small epidemics have been reported in recent years,
with family cases that shared a common source and zoonosis
mainly related with cats [5, 6]. Barros et al. [7] have reported
81 pediatric cases in Brazil, 54 % related to the coexistence
with an infected cat, 30% due to feline scratch, and 6% due to
cat bite.

There are two peaks in the age distribution for sporotricho-
sis: in school-aged children (30 % of all cases) and in young
adults between 16 and 35 years old (≥50 % of all cases);
however, most age groups are affected [1•, 2].

The main route for infection is the skin, which enables the
causative agent to penetrate the skin; also, predisposing fac-
tors related to occupation and malnutrition, chronic alcohol-
ism, and other weakening diseases may contribute to infection
and disease spreading. Sporotrichosis mainly affects farm-
workers, householders, and children [8]. Data about the dis-
ease on the last group is scanty. Thus, we aim to review current
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relevant literature. In addition, we describe the demographic
data, clinical profile, as well as antifungal efficacy of those
patients.

Epidemiology

Although specific age groups and genders are susceptible to
sporotrichosis, it can affect anyone regardless of age or gender
[3••]. Occupational and recreational habits specific to different
populations increase the risk of infection. In Uruguay, sporo-
trichosis has a higher prevalence among males and armadillo
hunters [9]. In northeast India, Japan, and Mexico, there is a
higher prevalence in females, and even males, due to their
greater engagement in agricultural activities and in Brazil
through infected cats and dogs and via infected vegetative
matter. In South Africa, on the other hand, male patients out-
number females (ratio 3:1) because men more often engage in
outdoor and mining activities. In the region of the Andes
(Peru), children have a significantly higher risk comparedwith
adults (three times) [3••]. In a recent study in Peru, 755 of
1227 patients reported were children aged <15 years
(61.5 %) [10••]. In Brazil, the case studies mainly came from
the south and southeast regions and affected children.
Particularly in the south-east of Rio de Janeiro, cases are in-
volved in the context of the zoonotic transmission by domestic
cats [7]. In China, the infection occurs mainly in the northeast
rural area and involves the handling of contaminated plants
[11]. Case-controlled studies point out that playing in crop
fields and on dirty floors in houses are the possible modes of
exposure in these children (Table 1).

Etiological Agent and Ecology

Benjamin Schenck isolated S. schenckii in 1898 and Smith
identified the fungus as Sporotricha; later, Howard in 1961
confirmed its dimorphic nature, and Guarro et al. classified the
fungus under division Ascomycota, class Pyrenomycetes, or-
der Ophistomatales, family Ophistomataceae [12]. No sexu-
al stage has yet been identified for the fungus [13];
however, molecular analysis of the 18s region of

ribosomal DNA suggests that Ophiostoma stenoceras
may represent its sexual form [14••].

Sporothrix species differ in their geographical distribution.
S. globosa is distributed worldwide; however, it predominates
in Europe (UK, Spain, and Italy), USA, South America
(Mexico, Guatemala, and Columbia), and Asia (India,
China, and Japan). Similarly, S. schenckii (ss) has wide geo-
graphical distribution and has been isolated from different
Latin American countries (Argentina, Bolivia, Brazil,
Columbia, Guatemala, Mexico, Peru, the USA, and
Venezuela), Europe (France, Italy, and UK), Africa (South
Africa), and Asia (Japan) [3••, 15]. S. brasiliensis is a new
and emerging species, which has only been reported in
Brazil and is highly pathogenic to humans and animals.
S. luriei only has been reported in three patients (Africa,
Italy, and India) and a dog (Brazil). S. mexicana has been
reported in a few countries (Australia, Mexico, and Portugal)
as a rare cause of infection in humans [3••].

Although S. schenckii is found on different substrates (soil,
dead wood, mosses, hay, and cornstalks), the ecology is poor-
ly studied. The same occurs with S. schenckii sensu lato, al-
though it is considered endemic in certain geographical areas
[16], its environmental niche is not yet clearly identified.

The fungus grows in the environment in its mycelial form,
producing abundant conidia. Humans tend to acquire these
infections during occupational or recreational activities
through a traumatic implantation. Warm-blooded animals
(e.g., cats, dogs, armadillos, birds, and parrots) can manifest
disease frequently. In addition to the previously mentioned
animals, aquatic fauna such as fish and dolphins can develop
the disease [17].

Sporotrichosis in Mexico occurs mainly in regions with a
tropical and humid climate. While cases have been reported
throughout the country, the highest burden has been noted in
two sites, the states of Jalisco and Puebla. The state of Jalisco
in westernMexico recordedmore than 1000 proven cases, and
the state of Puebla in central Mexico has the second highest
prevalence. Overall, the primary epidemiological features of
sporotrichosis inMexico are the disease occurs in people of all
ages, about 70% being young adults and 30% being children,
and the disease may be more common in remote areas such as
the mountains of Puebla and Guerrero where the frequency
can reach up to 50 %, which is similar to the burden reported
in the mountains of Acambay [3••].

Pathogenesis

Variation in the virulence of individual S. schenckii strains and
the immune status of the host may both contribute to the
clinical variety of sporotrichosis [18••]. However, the factors
involved in the pathogenesis of sporotrichosis and the
mechanisms determining S. schenckii virulence are not
completely detailed [19].

Table 1 Risk factors for sporotrichosis in children (<15 years old)

Risk factor OR (CI95%) P value

Play in the fields 25.2 (1.1–588) .04

Having a cat 0.1 (1.3–61.4) .02

Dirt floors in the house 3.8 (1.0–13.7) .04

Ceiling made of raw wooda 6.9 (1.4–35.2) .02

Work outdoorsa 5.2 (1.7–15.8) .004

Modified from Ref [10••]. Population of Abancay, Peru

OR odds ratio, CI95% confidence interval 95 %
aRisk factors for patients ≥15 years old
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Known virulence factors of S. schenckii consisted in the
following: dimorphism, melanin, and thermotolerance.
Dimorphism is the most important and first presenting viru-
lence factor, consisting of the fungus that presents two anti-
gens on its cell wall: one from its mycelial phase and the other
from its yeast phase. Both antigens are composed of a glyco-
peptide made up of a polysaccharide fraction that contains
rhamnomannan polysaccharide, which is responsible for its
antigenicity [3••]. This fraction sets off a primarily cellular
immune response and playing a role in the phenomenon of
adhesion of the fungus to the host cells. The peptide fraction is
composed primarily of threonine, serine, aspartic acid, and
glutamic acid. Also, ergosterol peroxide has been identified
in S. schenckii yeast cells. This compound can be converted to
ergosterol that is formed as a protective mechanism to evade
reactive oxygen species during phagocytosis [18••, 19].

Melanin on their cell wall confers protection to the fungus
by keeping and neutralizing free radicals [18••]. Melanin pro-
duct ion in S. schencki i occurs through the 1,8-
dihydroxynaphtalene (DHN) pentaketide pathway.
Melanization occurs only in the mycelial phase of the fungus.
Melanin production by fungus can occur by different mecha-
nisms; recent studies have demonstrated the fungus produces
melanin through phenolic compounds (e.g., 3,4-dihydroxy-L-
phenylalanine or L-DOPA), which are used as a substrate in
both mycotic forms (filamentous and yeast). In vitro studies
point out melanization in S. schenckii is controlled by several
factors, such as temperature, pH, and nutrient conditions
[18••]. Conidial melanization strengthens S. schenckii re-
sistance to macrophage phagocytosis, allowing disease
progression and drug resistance [20]. Pigmented isolates
had a greater invasive ability than the albino mutant
strain in experimental models.

Thermotolerance, considered as factor of acquired viru-
lence, can contribute to lymphatic and systemic spread, since
S. schenckii isolates are not frequently able to grow at 37 °C
[21] and thus manifest clinically in the inability to develop
lymphatic sporotrichosis, only fixed lesions [22].

Secretions of proteases (serine and aspartyl proteases, acid
phosphatase, collagenase, and gelatinase) and cell surface
components have been shown to play a role in the virulence
of S. schenckii. Although the cell wall composition of
S. schenckii is well known, its role in the immune response
against sporotrichosis is poorly understood [1•, 23].

Interactions between innate and adaptive immune re-
sponses enable effective host responses against various
infections and pathogenic agents [1•]. Several antifungal
immune mechanisms are involved in the defense against
S. schenckii [18••]. Previous studies have suggested that
cell-mediated and humoral immunity both play impor-
tant roles in host protection against this fungus [24,
25]. The immune response of the host determines prog-
nosis and clinical manifestations that develop the

disease; this explains the distribution of localized, cuta-
neous lesions (lymphatic and fixed) observed in immu-
nocompetent patients and the disseminated and severe
cases observed in immunocompromised (HIV/AIDS)
[26]. Furthermore, the fact sporotrichosis is more severe
and usually disseminated in nude mice and in patients
with AIDS lends support the theory that T cell-mediated
immunity is important in limiting the extension of infec-
tion with S. schenckii [26, 27].

Clinical Presentation

One of the most used classifications of sporotrichosis de-
scribes the clinical aspects of the disease about the immuno-
logical status of the host. Based on this system, it can be
divided into the cutaneous-lymphatic, fixed-cutaneous, dis-
semina ted-cu taneous , mucosa l , and cu taneous -
hematogenous forms and the extra-cutaneous forms: conjunc-
tiva, pulmonary, and osteo-articular [1•, 28].

In children, it is common for cutaneous-lymphatic sporo-
trichosis to affect the face (up to 40 % of all cases), and it can
display one sidedly of bilaterally [29].

As previously mentioned and according to most reports,
sporotrichosis in children usually occurs on the face, account-
ing for 40 to 60 %. This switch in the anatomical site of
preference is most likely due to the thinner, more delicate skin
in this area of the body of children [30]. Other differences are
the high numbers of dacryocystitis and ocular adnexa [31, 32]
and the fixed cutaneous form in children, which is higher than
in adults in some case series [10••]. Some authors also expe-
rienced a faster rate for cure in younger populations [10••].

In a recent Japanese study [29], facial involvement is re-
ported in 29.5 %; in other study, facial involvement was seen
in 21 % [33]. Clinically, lymphocutaneous form is the most
frequent (64 %) as reported in the literature [1•] followed by
fixed cutaneous form. Overall, the former is easier to diagnose
clinically, as it occurs as a series of nodular or linear lesions
that seem to target the large node; this is called a sporotrichoid
pattern. The fixed cutaneous type is more difficult to identify
clinically because it does not have a specific clinical appear-
ance; it may present as chronic verrucous or vegetating le-
sions, at times ulcerative, that may mimic many infections,
usually bacterial [1•, 17].

Presentation in pregnancy possibly contributes to spread
sporotrichosis [34]. This fact has been explained by depress-
ing T cells in pregnant patients. Usually, there is no damage in
the fetus or increased maternal damage with any of the thera-
peutic approaches or by the disease itself; however, it is not yet
defined whether there is any effect on the fetus or if there is
placental transmission [34].

Children infected with sporotrichosis, especially the local-
ized cutaneous form, may present with crusted plaques, ery-
thematous papules that ulcerate and verrucous papules and
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nodules. Nontender regional adenopathy may or may not ac-
company these lesions. With the most chronic cases of
cutaneous-lymphatic sporotrichosis (Fig. 1a, b), it is possible
to develop lymphostasis, which may lead to significant fibro-
sis and to a large increase in volume (elephantiasis) [35••, 36].

Sporotrichosis should be suspected if a localized, crusted
papule, papuloulcerative or nodular lesion is resistant to anti-
biotic therapy. In fact, a chronic, non-tender ulcer with raised
borders that is not responding to treatment with antibiotics has
been the hallmark of cases reported in children. Clinically, the
lack of tenderness and warmth, failure to respond to treatment
with antibiotics, and presence of enlarged lymph nodes help in
distinguishing sporotrichosis from bacterial infections [35••].

Diagnosis

Clinical suspicion is one of the most important aspects for
diagnosis of sporotrichosis. Among the differential diagnosis,
many chronic diseases such as cutaneous tuberculosis, cuta-
neous leishmaniasis, nocardiosis, chromoblastomycosis, blas-
tomycosis, paracoccidioidomycosis, and non-tuberculosis
mycobacteriosis are included. Ulcerating lesions can mimic
pyoderma gangrenosum [1•, 17].

Intradermal Test

The diagnostic usefulness of sporotrichin or peptide
rhamnomannan antigen in sporotrichosis is not yet deter-
mined. It is a very useful test, but not standardized or accepted
in many countries [1•, 37, 38].

Direct Examination and Staining

These are not useful for settling the diagnosis because the
yeasts are not seen, and the conventional stains (Gram,
Giemsa, PAS, and Grocott) do not make the fungal structures
visible. Only in about 1–2% of the cases that the structures are
observed in the form of Bcigars^ [39].

The definitive diagnosis of sporotrichosis is based on the
isolation and identification of the causative agent; for this
purpose, cultures are considered the gold standard (Fig. 1c,
d). Culture specimens are derived from exudates in open le-
sions, scales, tissue samples, or sputum; they are spread on
Sabouraud dextrose agar and Sabouraud dextrose agar with
antibiotics. The cultures are incubated at a temperature of 25–
28 °C to get the filamentous phase, which is the most useful by
allowing for the micromorphologic identification of the fun-
gus. After 5 to 8 days of incubation, we can observe colonies,
at first limited, membranous, radiated, and whitish or beige.
Afterwards, they develop aerial mycelium, and the col-
ony becomes acuminated with a dark brown color due
to gathering the proliferative conidia. This depends on
the media used and on the strain itself, as is the case
with some strains of Sporothrix albicans that do not
produce melanin pigment [1•, 39].

Microscopically, it consists of very thin hyphae (1–3 μm),
branched, hyaline, and with septae; their asexual reproduction
is by ovoid, round, lengthened, and piriform microconidia
which are formed in one of twoways: based on a conidiophore
of about 10–30 μm in length (sympoduloconidia), arranging
around it in such a way that it resembles a Bpeach flower^ or a
Bdaisy flower^ (Fig. 1e), or being born directly from the hy-
phae (aleurioconidia or raduloconidia) [40].

Fig. 1 a Cutaneous lymphatic
sporotrichosis in a teenager. b
Cutaneous fixed sporotrichosis in
a girl. c Sporothrix yeasts from
exudates (Giemsa ×100). d
Sporothrix schenckii culture
(Sabouraud dextrose agar). e
Sympudolic microconidia of
S. schenckii as Bdaisy flower^
(Erythrosine, ×40)
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The yeast phase is obtained at 37 °C when using nutrient-
rich media as blood agar, chocolate agar, and BHI agar, being
able to stimulate growth by adding 5 % CO2. Within 3 to
5 days, creamy, yellowish-white, slightly acuminated colo-
nies, similar to bacterial colonies, are formed [40].

Tissue reaction must also be evaluated in histopathological
examinations from patients with sporotrichosis. Histological
data as diffuse dermatitis and suppurative and poorly formed
granulomas, which are associated with lymphoplasmacytic
and neutrophilic infiltrate, exhibiting liquefaction necrosis,
have been reported [40].

Necrosis and liquefaction necrosis are often present. The
fungus is not commonly seen on histologic examination; this
can be related to granulomas, a dense lymphohistiocytic infil-
trate and fibrinoid necrosis with fibrosis [41].

Moreover, molecular analysis is a useful tool for rapid di-
agnosis and important in cases where cultures are negative
because of low fungal burden or associated bacterial infec-
tions. PCR technique overcomes the disadvantage of fungal
culture in relation to the time required for fungal identification
and sample size. The coincidence rate of diagnosis for
S. schenckii reaches 96 % using specific primer and PCR
amplification, whereas the coincidence rates, using fungal cul-
ture or histopathological PAS staining, were 90 and 50 %,
respectively. Conventional fungal culture takes 1–2 weeks,
whereas PCR takes half the time from obtaining specimens
to confirming diagnosis, making early diagnosis possible. The
samples needed are small, and the operation is low invasive to
the patients [42].

Precipitation and agglutination techniques were also
used, as well as tube agglutination, immunoelectropho-
resis, and latex agglutination with good results.
Immunoenzymatic tests are being used more often for
serodiagnosis purposes. However, these tests only pro-
vide presumptive diagnosis of the disease and must nec-
essarily correlate with clinical and immunological char-
acteristics for definitive diagnosis [1•, 40].

Imaging Studies

Routine imaging studies are not usually required for the diag-
nosis of sporotrichosis unless systemic involvement is
suspected (e.g., conventional X-rays or computed tomography
scan for the chest (pulmonary sporotrichosis) or other in-
volved areas (osteoarticular sporotrichosis)). These studies
may be useful to determine disease spreading and certainly
evaluate the treatment response and outcome [1•].

Treatment

Most cases respond favorably, and only a few cases recur and
require adjustment of the dose, time of therapy, or medication
change (Table 2) [1•]. The antifungal efficacy depends on the

site of infection, fungal pathogen, fungal type (yeast versus
hyphae), and the host’s immune status [1•]. During pregnancy,
the ideal is not to prescribe medication, mainly if the disease is
not going to affect the health of mother and child [34].

Potassium iodide (KI) is the treatment of choice for sporo-
trichosis in many countries, mainly to lymphocutaneous and
fixed sporotrichosis, because its efficacy, safety profile, easy
to manage, and low cost. Some authors attribute to KI anti-
fungal and immune-stimulant effects, increasing the number
of monocytes and neutrophils. However, the exact mechanism
of action remains unknown [51].

Although there is no agreement about precise dosage, the
majority of reports manage for adults 3 to 6 g per day and for
children 1 to 3 g per day. The drug is managed orally in two
forms: (a) saturated solution KI, in which each drop of the
solution is equal to 50 mg; the recommended starting dose
for adults is 5 drops 3 times a day increasing to 40–50 drops
3 times a day and, for children, 3 drops 3 times a day until a
maximum of 25 drops 3 times a day is achieved and (b) non-
saturated solution of KI. In the latter, 20 g of KI is dissolved in
300 ml of water in a dark flask; thus, 15 ml of the solution
(approximately 1 tablespoon) provides a dose of 1 g of KI. In
case of gastritis and nausea, it is recommendable to manage it
with milk or juice fruit [1•, 51]. Macedo et al. [52•] proposed a
new posology of KI for treating cutaneous sporotrichosis.
They compared conventional treatment with KI 4.2 to 6.3 g
and from 2.1 to 4.2 g for adults and children, respectively, with
the new protocol, 2.8 to 3.5 and 1.4 to 2.1 g for adult and
children, respectively, about half of the dose prescribed for
conventional therapy. Clinical cure was achieved in 70.6 and
84.3 % of conventional and new protocol, respectively. The
incidence of adverse events was similar for both groups, and
no serious adverse events occurred and there were no
recurrences.

KI is well tolerated by patients; however, the main side
effects are gastritis, nausea, diarrhea, abdominal pain, metallic
taste, urticarial, angioedema, rhinitis, bronchitis, and erythema
nodosum [1•, 52•]. For many authors, it cannot be considered
the therapy of choice because there is not a precise dosage and
it is not a patented medication.

The duration of treatment is until clinical, and mycological
cure is achieved, with an average of 2 to 3 months, although it
is desirable to continue for an additional 1–2 months to avoid
relapses [40, 51]. Some series report cure rates of 89.6 and
94.7% after 3 to 4months of treatment [53, 54]. It is important
to emphasize treating with KI is not recommended for dissem-
inated or extra-cutaneous cases as well as in immunosup-
pressed patients. In pregnant patients, treating with KI may
develop hyperthyroidism [1•, 55].

Amphotericin B is the treatment of choice in the cases of
systemic or anergic sporotrichosis, particularly with bone, vis-
ceral, and pulmonary involvement [56]. In pregnant women,
amphotericin B may be used after 12 weeks of pregnancy;

Curr Fungal Infect Rep (2016) 10:107–116 111



T
ab

le
2

C
om

pa
ra
tiv

e
of

di
ff
er
en
ts
tu
di
es

tr
ea
tin

g
sp
or
ot
ri
ch
os
is
in

ch
ild

re
n

Fi
rs
ta
ut
ho
r,
ye
ar
,r
ef
er
en
ce

C
ou
nt
ry

of
or
ig
in

A
ge

(y
ea
r,
m
on
th
)

T
re
at
m
en
t

O
ut
co
m
e

R
am

ir
ez
-S
ot
o
M
R
(2
01
5)

[1
0•
•]

P
er
u

0–
14

ye
ar
s
=
20

pa
tie
nt
s;
≥1

5
ye
ar
s
=
16

pa
tie
nt
s

K
I
20

or
40

dr
op
s/
tid

(n
=
32
)

16
cu
re
d
(5
0
%
)

V
er
m
a
S
(2
01
2)

[3
3]

In
di
a

<
15

ye
ar
s
=
7
pa
tie
nt
s

K
I;
in

ca
se
s
of

in
to
le
ra
bl
e
si
de

ef
fe
ct
s,

itr
ac
on
az
ol
e
an
d
fl
uc
on
az
ol
e
w
er
e
us
ed
.

Fa
vo
ra
bl
e
re
sp
on
se

w
ith

in
2
w
ee
ks

an
d
he
al
in
g

in
4–
8
w
ee
ks

or
up

to
32

w
ee
ks

Fe
en
ey

K
T
(2
00
7)

[4
3]

A
us
tr
al
ia

A
ge
s
10
,8
,a
nd

3
1
S
ur
ge
ry
,2

or
al
itr
ac
on
az
ol
e
an
d
1

na
tu
ro
pa
th
ic
tr
ea
tm

en
t

N
/D

M
at
a-
E
ss
ay
ag

S
(2
01
3)

[4
4]

V
en
ez
ue
la

0–
15

ye
ar
s
=
46
/1
33

(3
4.
6)
;1

5–
30

ye
ar
s
=
42

(3
1.
6)

Sa
tu
ra
te
d
so
di
um

an
d
po
ta
ss
iu
m

io
di
ne

so
lu
tio

n
(7
6.
6
%
);
itr
ac
on
az
ol
e
(1
2
%
)

O
nl
y
in
tr
ac
on
az
ol
e
w
as

ef
fe
ct
iv
e
in

al
lc
as
es

w
he
n
us
ed

So
ng

Y
(2
01
1)

[4
5]

C
hi
na

<
10

m
on
th

ag
e
(m

ea
n
=
5.
2
m
on
th
s)

Sp
on
ta
ne
ou
s
re
so
lu
tio

n
(1

ca
se
);
Po

ta
ss
iu
m

io
di
de

(2
ca
se
s)
;i
tr
ac
on
az
ol
e
(3

ca
se
s)
;

te
rb
in
af
in
e
(4

ca
se
s)
;c
om

bi
ne
d
po
ta
ss
iu
m

io
di
de

an
d
te
rb
in
af
in
e
(5

ca
se
s)

12
ca
se
s
cu
re
d
w
ith

a
m
ea
n
to

2.
96

m
on
th
s
of

tr
ea
tm

en
t(
ra
ng
e
2–
4
m
on
th
s)

B
ar
ro
s
M
B
L
(2
00
8)

[7
]

B
ra
zi
l

0–
4
ye
ar
s
=
7(
9)
;5

–9
ye
ar
s
=
28

(3
5)
;

10
–1
4
ye
ar
s
=
46

(5
7)
.

Sp
on
ta
ne
ou
s
re
gr
es
si
on

(6
ca
se
s,
7
%
);

It
ra
co
na
zo
le
(6
1
ca
se
s,
81

%
);
po
ta
ss
iu
m

io
di
de

(5
pa
tie
nt
s,
7
%
)

75
pa
tie
nt
s
tr
ea
te
d,
66

(8
8
%
)
w
er
e
cu
re
d
in

4–
18

w
ee
ks

(m
ed
ia
n
=
12
);
9
(1
2
%
)
w
er
e

lo
st
to

fo
llo

w
-u
p)

B
on
if
az

A
(2
00
7)

[3
5•
•]

M
ex
ic
o

≤1
5
ye
ar
s
=
21
;≥

16
ye
ar
s
=
4.
M
ea
n
=
9.
3
ye
ar

(r
an
ge

8
m
on
th
s–
17
.5

ye
ar
s)

Po
ta
ss
iu
m

io
di
de

(2
3
ca
se
s,
2
pa
tie
nt

sw
itc
he
d

to
itr
ac
on
az
ol
e
du
e
to

ad
ve
rs
e
ev
en
ts
);

th
er
m
ot
he
ra
py

(2
pa
tie
nt
s)

C
ur
ed

cl
in
ic
al
ly

an
d
m
yc
ol
og
ic
al
ly

w
ith

PI
6–
8
m
on
th
s;
itr
ac
on
az
ol
e
3–
5
m
on
th
s;
an
d

th
er
m
ot
he
ra
py

go
od

re
su
lts

Fa
lq
ue
to

A
(2
01
2)

[4
6]

B
ra
zi
l

14
an
d
10

ye
ar
s

Po
ta
ss
iu
m

io
di
de
,t
w
ic
e
da
ily
,a
ta

da
ily

do
se

of
50

m
g
io
di
ne
/d
ro
p/
kg
,r
ea
ch
in
g
a

to
ta
lo

f
1.
5
g
io
di
ne
/d
ay

(a
pp
ro
xi
m
at
el
y
30

dr
op
s/
da
y)

T
he

tw
o
pa
tie
nt
s
cu
re
d
af
te
r
45
–5
5
da
ys

of
tr
ea
tm

en
t

L
ee

H
(2
01
5)

[4
7]

S
ou
th

K
or
ea

9
ye
ar
s

Sp
on
ta
ne
ou
s
re
gr
es
si
on

N
/D

M
ah
aj
an

V
K
(2
00
5)

[4
8]

In
di
a

15
ye
ar
s
=
13

pa
tie
nt
s

Sa
tu
ra
te
d
so
lu
tio

n
of

po
ta
ss
iu
m

io
di
de

w
ith

re
sp
on
se

in
2
w
ee
ks

H
ea
lin

g
oc
cu
rs
in

4–
8
w
ee
ks

Ta
ng

M
M

(2
01
2)

[4
9]

M
al
ay
si
a

10
ye
ar
s

It
ra
co
na
zo
le
×
12

w
ee
ks

R
es
ol
ve
d

T
lo
ug
an

B
E
(2
00
9)

[5
0]

U
SA

2
m
on
th
s

It
ra
co
na
zo
le
×
2
m
on
th
s

Sc
ar

re
m
ai
ne
d
an
d
hi
s
ly
m
ph

no
de
s
w
er
e

m
ar
ke
dl
y
sm

al
le
r

N
/D

no
td

et
er
m
in
ed

112 Curr Fungal Infect Rep (2016) 10:107–116



however, it is commonly used for pulmonary and disseminat-
ed forms. Amphotericin B deoxycholate doses ranged be-
tween 0.25 and 0.75 mg/kg/day and, in some severe cases,
1 mg/kg/day. For the rest of the amphotericins B currently
available (lipidic, liposomal, and colloidal dispersion), the av-
erage dose ranges between 3 and 6 mg/kg/day [57, 58].

Sulfamethoxazole-trimethoprim has been reported to be
useful at doses of 400 mg/80 mg, respectively, during 3 to
4 months. It has been used in association with KI in cases of
cutaneous-osteoarticular sporotrichosis with good results [40].

Itraconazole is considered by the clinical practice guide-
lines for the management of sporotrichosis (CPGMS) as the
drug of choice for the therapy of sporotrichosis due to its cost-
benefit relation and safety profile (Table 3) [59•]. TheMIC for
S. schenckii strains are 1–32 μg/ml, which points out some
strains are sensible and some resistant. The dosage ranges
between 100 and 200 mg/day, but in relapsing or recalcitrant
cases, the dosage increases to 300–400 mg/day. For children
up to 20 kg of weight, the dosage is 5–10 mg/kg/day [60].

Itraconazole is metabolized by cytochrome p450 3A4;
thus, it presents multiple drug interactions and is not recom-
mended during pregnancy. The main side effects include nau-
sea, epigastric pain, dizziness, diarrhea, and headache. The
use of itraconazole in intermittent (pulse) therapy can be an
alternative with dosages of 400 mg/day per 1 and 3 weeks
without treatment, achieving satisfactory results with an aver-
age of 4 pulses [1•].

Fluconazole is an oral or IV triazole; its MIC is 128 μg/ml
for most of S. schenckii strains. Recommended dosage is
400 mg/day, although some reports mention dosages from
150 until 800 mg/day. It is considered a second line of therapy,
less effective than itraconazole, used when the later is contra-
indicated. The time of treatment is variable with an average of
6 months [1•].

Ketoconazole, an imidazole, is no longer used because of
its low efficacy and severe side effects [1•]. Other triazole
derivatives, like voriconazole, have high MIC and there are
no reports in literature of its clinical use [61]. Posaconazole
has a similar microbiological spectrum than itraconazole (and
similar MIC), with few reports of its good response in

experimental murine sporotrichosis [58]. Ravuconazole and
other new antifungal agents are off-label treatment alternatives
for sporotrichosis [62].

Terbinafine, an oral allilamine, is considered an alternative
for treating sporotrichosis. It is a fungistatic and fungicidal
that interacts with the synthesis of ergosterol. It is metabolized
via cytochrome CYP 2D6, reducing drug interactions, com-
pared with itraconazole and fluconazole. This drug presents
the minor MIC for S. schenckii and S. brasiliensis of 0.06–0.5
and 0.06–0.25 μg/ml, respectively; pointing that, in vitro,
those strains are less resistant to terbinafine than itraconazole
and amphotericin B [63]; however, in clinical practice, it is
less effective than itraconazole. Recommended dosages range
between 250 and 500 mg/day during 4 to 6 months according
to the CPGMS [59•]. For adults, the suggested dosage is
500 mg/day, with a maximum of 1000 mg/day. For children,
it is also a good therapeutic alternative at doses between 125
and 250 mg/day. The three studies using terbinafine for spo-
rotrichosis showed good efficacy with doses ranging from 250
to 1000 mg/day [1•]. A study comparing 250 mg/day of
terbinafine to 100 mg/day of itraconazole resulted in healing
in 92.7 and 92 % of patients, respectively, pointing out
terbinafine as an effective and well-tolerated option for
treating cutaneous sporotrichosis [64]. However, due to the
paucity of clinical trials, terbinafine is considered a second
choice treatment, more effective than fluconazole, and recom-
mended when itraconazole fails or is contraindicated when
handling sporotrichosis.

Thermotherapy is recommendable for limited cases (fixed
cutaneous), as an adjuvant treatment for lymphocutaneous
form or in pregnant women. Although there is no consensus
on which is the proper way to apply thermotherapy, applica-
tion of local heat (42 to 43 °C) through a hot water bag, or a
source of artificial light (infrared), or a similar way until
healing is empirically recommended daily. The proposed
mechanism of action of thermotherapy has been demonstrated
in vitro; when S. schenckii strains are incubated with neutro-
phils at 40 and 37 °C, we observed no differences in the
intensity of phagocytosis among the two groups. However,
once the fungi are phagocytosed, the death rate is higher at
40 °C than at 37 °C [1•].

Cryotherapy is an invasive and painful method with minor
efficacy when compared with thermotherapy. It has been used
to treat lymphocutaneous and fixed sporotrichosis, alone or in
combination to diverse therapies (KI, itraconazole, and
terbinafine) [1•, 65].

Lymphocutaneous sporotrichosis showed good response to
the medications described, even when used alone (Table 2);
however, when combining itraconazole, KI, and cryotherapy,
the time to achieve cure is considerably reduced. It has been
demonstrated that itraconazole+ terbinafine synergize in se-
lected cases with poor responses to monotherapy, especially
for spread or extracutaneous cases [1•].

Table 3 Treatment strategies for sporotrichosis in children [59•]

First option Second option Severe cases

Itraconazole [6–
10 mg/kg/day or
maximum 400 mg/
day] for mild disease,
deoxycholate
amphotericin B [0.7–
1 mg/kg/day] for
severe disease

Saturated solution
potassium iodide with
increasing doses
equivalent to half the
adult dose for a
duration as in adults

Treat severe disease
with an
amphotericin B
formulation
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In endemic areas, it is necessary to promote measures to
avoid the direct contact with sources of the causal agents, like
gloves, masks, and special footwear for the rural workers, as
well as the control of the wild fauna acting as indirect vectors
and of the epidemics in the domestic animals that are direct
transmitters of the disease [1•].

Cats with the disease should be properly treated and kept
isolated in a suitable place. It is recommended to avoid any
physical contact with infected animals, until complete healing
of the lesions. The two treatments with best response are:
potassium iodide (capsules) at doses of 20 mg/kg for 1 month
and itraconazole at 5–10 mg/kg for 1 month [66]. When han-
dling the sick cat, during either injury treatment of medication
administration, protocols must be adopted to reduce exposure
to the fungus, such as latex gloves [1•, 40].

Conclusion

Although the treatments against this fungus are effective and
well tolerated even in children, resistance is always a risk;
thus, researching new medications is necessary to achieve
the control of sporotrichosis.
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