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Abstract
Purpose of Review Sporotrichosis, the disease caused by
Sporothrix spp, ranges from subcutaneous infections to the
severe disseminated or invasive diseases. The taxonomy of
Sporothrix has been revised. The subcutaneous disease is
suspected easily, but the extra-cutaneous disease is diagnosed
by chance or with high suspicion. This review provides the
overview of currently available diagnostic techniques.
Recent Finding Enzyme-linked immunosorbent assay
(ELISA) or latex agglutination test with partially purified an-
tigens helps in the diagnosis of extra-cutaneous sporotrichosis.
Molecular methods have been used for the identification and
typing of the fungus. Calmodulin, beta tubulin, translation
elongation factor and chitin synthase genes are targeted for
species differentiation. MALDI-TOF MS has been standard-
ized to identify the species.
Summary PCR-basedmolecular techniques andmatrix-assisted
laser desorption ionisation time of flight mass spectroscopy
(MALDI-TOF MS) help in the identification of Sporothrix spe-
cies, whereas ELISA helps in diagnosing extra-cutaneous form.
Utility of molecular techniques for detection of Sporothrix di-
rectly from clinical specimen needs to be evaluated.
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Introduction

Sporotrichosis, a disease with diverse group of clinical mani-
festations, is caused by dimorphic fungus Sporothrix schenckii
sensu lato. Cutaneous disease is the commonest presentation.
However, extra-cutaneous diseases with lung, bone and central
nervous system involvement are increasingly reported in recent
years [1•, 2]. Though the disease is described as endemic infec-
tion, it has been reported worldwide from United States, Brazil,
Columbia, Guatemala, Mexico, Peru, India, China, Japan and
parts of Africa, Australia and Europe [1•]. The disease has
gained importance in recent years due to high prevalence in
Brazil as a zoonotic disease, distinctive epidemiology and rec-
ognition of many cryptic species. Human infection due to this
agent is usually acquired by the traumatic implantation of the
fungus across skin barrier from saprophytic source or by the
scratches or bites of infected animals especially cats in Latin
America [3]. The exact prevalence of this disease in general
population is not known. In USA, 1471 sporotrichosis-
associated hospitalization occurred during 2000–2013 with an
average annual rate of 0.35/1 million population [4].

Taxonomy

In recent years, the taxonomy of Sporothrix has changed con-
siderably with the use of molecular techniques. Earlier
S. schenckii was considered as the only pathogenic species.
With the description of the sexual form, the fungus was clas-
sified under S. schenckii–Ophiostoma stenoceras complex.
Marimon et al. described three new species Sporothrix
globosa, Sporothrix brasiliensis and Sporothrix mexicana un-
der the same complex, based on the physiologic, morpholog-
ical and phylogenetic (calmodulin sequences) analyses [5•].
Recently, de Beer et al. conducted the phylogenetic analysis
by sequencing ITS, beta tubulin and calmodulin gene and
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reclassified the group as S. schenckii–O. stenoceras complex
with S. schenckii as type species [6•].

Clinical Importance

Of the six different clades described by de Beer et al., the
pathogenic clade includes S. schenckii, S. globosa,
S. brasiliensis and Sporothrix luriei. Other clades include
Sporothrix pallida complex (Sporothrix chiliensis,
S. mexicana and S. pallida) and Sporothrix stenoceras complex
(S. stenoceras) [6•]. Zhang et al. described that the four main
pathogenic species generally exhibited high degrees of ende-
micity, but S. globosa had global distribution with identical
AFLP types [7]. They explained further that the infections by
those fungi originated from putrid plant material with the ex-
ception of S. brasiliensis, which is transmitted by cats through
close contact or after cat scratching (zoonosis) [7]. S. schenckii
was the most variable species having ecological similarities
with S. globosa including its association with plants [7].

Clinical Diagnosis

Clinically, sporotrichosis is suspected on the type of presenta-
tion. The classical lymphocutaneous form is easily identified
due to its satellite lesions along the lymphatics, though cutane-
ous leishmaniasis, cat-scratch disease and Mycobacterium
marinum infection may present similarly. It is difficult to iden-
tify fixed cutaneous cases, as it mimics many other skin con-
ditions necessitating laboratory confirmation. The diagnosis of
the deep or disseminated or extra-cutaneous form of this dis-
ease is the real challenge and requires high level of suspicion.

Laboratory Diagnosis

Isolation and identification of the fungi from a sample is the
standard approach for the diagnosis of this disease. Few studies
described the use of molecular techniques directly on the clinical
specimens. The molecular techniques can also be used for the
identification and typing of this fungus. The following section
describes the update of currently used practices for the diagnosis
of the disease and identification of fungi-causing human infec-
tions. The methods of diagnosis are summarized in Table 1.

Diagnosis by Conventional Techniques

Direct Microscopic Examination

In the laboratory, direct microscopic examination of the tissue/
pus or aspirate is generally performed by potassium hydroxide
(KOH) wet mount. The sensitivity of KOH mount is poor to
detect this fungus. Examining after calcofluor stain under

fluorescent microscope can improve the sensitivity [8]. The
demonstration of cigar-shaped yeast, the typical morphologi-
cal form of the fungus in tissue, may not be easy and may
confuse with the yeast ofHistoplasma capsulatum orCandida
glabrata [8]. The yeast cell can be demonstrated using gram
stain and other special stains like haematoxylin-eosin [9].
Direct microscopy for diagnosis of sporotrichosis is limited
due its poor sensitivity [3]. Another characteristic feature “as-
teroid bodies” (fungal cells surrounded by eosinophilic pro-
jections) can be observed during direct microscopic examina-
tion of wet mount preparation of pus samples. Gezuele and Da
Rosa had demonstrated that the sensitivity of detection of
asteroid bodies could be enhanced from 43 to 94% when the
pus samples were collected from the deeper area [9].

Histopathological Examination

The tissue reaction on histopathology may help in suspecting
sporotrichosis. The fungus elicits varying types of tissue reac-
tion including chronic diffuse granulomatous, suppurative nec-
rotizing granuloma with lymphocytoplasmacytic infiltrate and
epidermal changes [10•, 11]. Quintella et al. in a fairly large
series demonstrated the presence of poorly formed granulomas
in all their cases and suppurative reactions in majority (87.4%)
of the tissue [10•]. However, the detection of fungi fails in
majority (64.7%) of the cases even after performing the special
stains. The detection of fungus may improve after examining
multiple sections [11, 12]. The fungus appears as spherical,
oval or elongated yeast-like cells measuring 2 to 6 μm or more
in diameter, which is typically described as “cigar-shaped bod-
ies”. While budding, the young cell is attached to the parent
cells with narrow base. The asteroid bodies or Splendore-
Hoeppli reaction has been observed occasionally (20–66%),
and the phenomenon is not specific for sporotrichosis, as it is
seen in other fugal, bacterial or parasitic infections as well [9].
The asteroid body was absent in all cases in the large studies
conducted at Mexico (50 cases) and Brazil (119 cases) [10•,
13]. This variation among the studies may be attributed to the
difference in antigenic properties of different species or the
host factors of the population studied [10•].

Culture Methods

Isolation of the Sporothrix from the clinical specimen is still
considered as the standard method for the definitive diagnosis
of sporotrichosis. The success of isolation of this fungus de-
pends on the proper sample collection. Biopsy or pus collected
from the deep tissue is a good sample for fungus isolation. In
pulmonary sporotrichosis, fungus could be isolated from
spontaneously expectorated sputum in 80% of the cases.
Biopsy sample is better in both laryngeal and pulmonary spo-
rotrichosis [2]. The fungus can be isolated on Sabouraud’s
dext rose agar conta in ing chloramphenico l , and
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cycloheximide. S. globosa usually fails to grow at 37 °C or
more [14•]. In the primary isolation, the mould phase of the
fungus is recovered after 4–5 days of incubation. The
Sporothrix hyphae are typically hyaline, septate and measure
<3 μm in diameter. All pathogenic species produce black to
brown pigment on cornmeal agar or oatmeal agar after
prolonged incubation [5•]. As sporotrichosis may be confused
with cutaneous leishmaniasis in endemic region, Novy-
MacNeal-Nicolle + Schneider medium (used for isolation of
Leishmania species) was evaluated for isolation of the fungus.
S. schenckii sensu lato was isolated from Leishmania-specific
medium in 98% of 64 patients with final diagnosis of sporo-
trichosis [15•]. Sporothrix species produce the conidia
sympodially on the denticulate conidiogenous cells. The co-
nidia cluster terminally and intercalary on the conidiophores.
Careful examination of the shape and the size of the sessile
conidia may help in presumptive differentiation of few spe-
cies. S. brasiliensis and S. globosa produce globose to sub-
globose conidia, whereas S. schenckii conidia are triangular to
cuneiform in shape. Physiological tests like ability to assimi-
late sucrose, raffinose and ribitol as a sole carbon source can
differentiate three major species of Sporothrix. S. globosa

assimilate sucrose and ribitol not raffinose; S. schenckii and
S. mexicana assimilate all three sugars; only few strains
(18.5%) of S. brasiliensis assimilate ribitol and 100% will
not assimilate sucrose and raffinose [5•]. Phenotypic identifi-
cation cannot be complete without converting the mycelial
phase of the fungus to the yeast phase. Conversion can be
achieved by inoculating the mycelia on enriched media such
as brain heart infusion agar or blood agar or chocolate agar
and incubating at 35 or 37 °C [3].

Serological Diagnosis

Serological tests in terms of detection of antibody or antigen
largely help to diagnose invasive or disseminated disease. The
tests are not extensively used in cutaneous sporotrichosis.
Antigen detection is useful for the diagnosis of sporotrichosis
in paediatric or immune-compromised patients [16••].
Immunodiffusion tests or latex agglutination test using culture
filtrate antigen had been used earlier for the diagnosis of spo-
rotrichosis [17, 18]. Subsequently, with the use of enzyme im-
munosorbent (ELISA), the sensitivity was improved to 97%

Table 1 Salient features of the
diagnostic modalities of
sporotrichosis

Method Comment

1 Direct microscopy Occasionally positive, cigar-shaped body characteristic, asteroid body
helps in suspicion but not confirmatory.

2 Histopathology Diffuse granuloma with suppurative reaction is generally seen. The
fungus is rarely detected. Detection of Splendore-Hoeppli phenomenon
may increase suspicion.

3 Culture and phenotypic
identification

Gold standard for diagnosis. The fungus grows easily onmycologymedia
within 3–7 days, and the growth produces black or brown
pigmentation. Careful microscopic examination of conidia,
assimilation of sucrose, raffinose and ribitol may help in differentiation
of species.

4 Serological diagnosis Lack standardization and cross-reactive with Leishmania,
Paracoccidioides and dematiaceous fungi but may help in
extra-cutaneous or invasive sporotrichosis. Enzyme immune-assay
with purified antigen may improve diagnosis. Antigen detection has
been attempted in paediatric and immunosuppressed patients.
Antibody detection in serum or cerebrospinal fluid may help in
diagnosis of Sporothrix meningitis.

5 Intradermal test Not performed nowadays due to non-availability of standardized antigen.
Can help to determine endemicity in any region.

6 Molecular diagnosis from
clinical samples

Very few studies, no consensus regarding best target gene and method of
detection; 18s ribosomal DNA and chitin synthase gene I have been
targeted with variable success.

7 Molecular identification of
Sporothrix species

Species identification requires molecular technique, helps in
epidemiology and choosing appropriate antifungal agents. Calmodulin,
beta tubulin, translation elongation factor, internal transcribed spacer
region or rDNA is mainly targeted. S. brasiliensis, S. schenckii and
S. globosa are considered pathogenic species with different
geographical distribution. MALDI-TOF MS method has also been
standardized to identify the species

8 Antifungal susceptibility
testing

Requires standardization; no breakpoints; variable susceptibility to
antifungal has been observed among different species
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and specificity to 89% [19]. Antibody detection by ELISA
using the yeast phase con-A binding fraction (SsCBF) antigen
had a sensitivity of 90% and specificity of 80% [20]. When
this antigen was recently evaluated in a large number of sam-
ples (177 samples from confirmed patients and 130 from con-
trol group), it had a sensitivity of 89%, specificity of 82%,
positive predictive value of 87%, negative predictive value
of 85%, and an overall efficiency of 86% [20]. The ROC
curve analysis revealed an AUC of 0.9154 and reproducibility
of 98% suggesting that this test may be used for routine testing
in endemic regions [16••]. In a study using the mycelial phase,
crude extract from S. schenckii sensu lato by ELISA and im-
munodiffusion test had a sensitivity of >98% and specificity
of 100% in the diagnosis of sporotrichosis [21•]. Sporothrix
meningitis is a rare disease, and the time taken from the onset
of symptom to the positive culture varies between 2 and
11 months [22, 23]. Detection of antibodies in the serum or
cerebrospinal fluid (CSF) has been shown to be effective and
rapid for the diagnosis of Sporothrix meningitis. Scott et al.
detected anti-Sporothrix antibodies in the serum and CSF of
the seven culture-proven meningeal sporotrichosis cases by
ELISA and latex agglutination test [22]. In another study,
ELISA could detect IgG antibodies in the serum of all the
26 cases of extra-cutaneous sporotrichosis including four
cases with CNS involvement [24]. According to Mayo
Medical Laboratories, titre of ≥1:8 for serum and any detect-
able antibody in CSF is considered positive for the latex ag-
glutination test [25•]. Still, the serological methods are unre-
liable due to cross-reaction of antigens from Sporothrix with
Leishmania, Paracoccidioides and agents of dematiaceous
fungi [26] though workers claimed specificity of their test
while using crude antigen from mycelial phase of
S. schenckii sensu stricto [21•].

Intradermal Test

Intradermal test/skin test with sporotrichin antigen (prepared
from mycelial phase) and peptide-rhamnomannan antigen
(prepared from yeast phase) has been used to evaluate ende-
micity of the disease in any region [27]. The test is positive in
90% of the proven cases of sporotrichosis [12]. As individuals
exposed to the fungus also show positive reaction, the test is
more applicable for the epidemiological survey of sporotri-
chosis. However, in the absence of the standardized antigen,
interpretation of the results may be difficult.

Molecular Diagnosis and Identification

Isolation of the fungus from the clinical specimen and identi-
fication of the agent are still considered as the gold standard
test in the diagnosis of sporotrichosis. Though this approach is

low cost, it may not be very effective in the diagnosis of extra-
cutaneous form of sporotrichosis. The time taken for the fun-
gus to grow in culture is usually long, and the phenotypic
identification process may further delay the diagnosis.
Hence, DNA-based molecular techniques are being used for
the direct detection of the Sporothrix DNA in the clinical
specimen and for specific identification of the fungus.

Till date, very few molecular studies have been conducted
for the diagnosis of the sporotrichosis from the clinical spec-
imens. As the fungal DNA in the clinical samples are expected
to be low, different approaches have been tried to increase the
sensitivity of detection. The sensitivity depends on selection
of the target DNA for amplification and application of tech-
niques that could detect the specific amplicon. Hu et al. de-
veloped the nested polymerase chain reaction assay using
primer pairs, SS1 and SS2 (outer primers) and SS3 and SS4
(inner primers), designed to amplify the 152-bp fragment of
the target gene, 18s rRNA [28•]. They could successfully di-
agnose 11 of the 12 cases, which were either positive by cul-
ture and/or histopathology [28]. Later, Xu et al. used same
primers and technique to evaluate the utility of this assay to
differentiate different known mitochondrial DNA (mtDNA)
types [29]. They showed that this assay not only differentiates
the isolates of all mtDNA types examined by them but also
helps in detection of 152-bp fragment DNA directly from nine
clinical specimens tested [29]. Subsequently, the nested PCR
assay was found to be non-specific, as the same fragment
length (152 bp) was also obtained from other fungi [30•].
Liu et al. evaluated chitin synthase gene-I for its ability to
identify S. schenckii from different clinical samples. Of the
30 biopsy specimens evaluated using this assay, 25 biopsies
yielded the specific band of 318 bp [30•]. The negative results
for the other five samples were attributed either for the im-
proper collection or inclusion of the specimen from non-
sporotrichosis cases. This PCR assay had coincidence rate of
96%, good reproducibility and could confirm the diagnosis
within 6 h [30•].

Within the genus Sporothrix, species identification has be-
come important due to the differences exhibited by the differ-
ent species in terms of virulence, geographical distribution,
pathogenicity and antifungal susceptibility profile [31, 32,
33•]. Recently, single-round PCR assay was developed using
a panel of novel primers for identifying S. brasiliensis,
S. schenckii, S. globosa, S. mexicana and S. pallida [34••].
The assay could detect 1 pg to 10 fg of genomic DNA de-
pending on the species. The results obtained had very good
agreement with the calmodulin sequence-based identity,
which is usually considered as standard for molecular identi-
fication of Sporothrix. When they evaluated this assay in the
murine model of S. brasiliensis and S. schenckii infection,
both the sensitivity and specificity approached 100% and
outperformed the results shown by histopathology and/or cul-
ture [34••].
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DNA sequencing of the protein-coding genes such as cal-
modulin, beta tubulin and translation elongation factor is the
gold standard for the identification of the Sporothrix species.
Sequencing a part of calmodulin gene may able to identify the
species [5•, 7, 35•, 36]. However, the use of the degenerate
primers (CAL1 and CAL 2A) that target the calmodulin gene
[37] has shown variable sensitivity in amplification of the
Sporothrix depending on the species involved. A set of new
primers CAL-Fw and CAL-Rv that covers the region amplified
by the CAL1 and CAL 2A could discriminate all closely related
pathogenic Sporothrix species [38•]. Due to the sophistication
and the cost, DNA sequence-based identification may not al-
ways be feasible in the routine diagnostic microbiology labora-
tory. Hence, many simple PCR-based methods have been de-
scribed for the molecular identification of the Sporothrix. The
commonly practiced methods for the typing and identification
include random-amplified polymorphic DNA [39], amplified
fragment length polymorphism [40], PCR-restriction fragment
length polymorphism (RFLP) of different target genes [41, 42],
M13 PCR fingerprinting [43] and T3B fingerprinting [44].
Recently, PCR-based rolling circle amplification technique
targeting the calmodulin gene with new species-specific primer
pairs CAL-Fw and CAL-Rv was developed for the identifica-
tion of Sporothrix species [38•]. The padlock probes developed
could differentiate S. brasiliensis, S schenckii, S. globosa,
S. luriei, S. mexicana, S. pallida, S. chiliensis, Sporothrix
brunneoviolaceae and Sporothrix dimorphospora and had
100% agreement with phylogenetic analysis of CAL-RFLP
[34••]. Additionally, multiplex real-time PCR has been de-
scribed that could differentiate Sporothrix species from
Leishmania species based on the melting curve analysis and
distinctive melting temperature peaks [45•].

MALDI-TOF MS is increasingly being used in the micro-
biology diagnostic laboratories for the rapid identification of
the fungi and bacteria. The commercial MALDI-TOF MS
systems only have the database of S. schenckii and are unable
to differentiate different described species under Sporothrix.
Recently, MALDI-TOF MS spectral data was generated and
validated for the identification of the clinical and environmen-
tal isolates of S. brasiliensis, S. schenckii, S. globosa and
S. pallida [46]. The best spectra could be achieved when the
yeast phase of the Sporothrix species was exposed to 25%
formic acid solution followed by sonication for 15 min at
room temperature. The MALDI-TOF MS results had 100%
agreement with identification done by sequencing of the cal-
modulin gene [46•].

Antifungal Susceptibility Testing

Antifungal susceptibility testing for Sporothrix species has
been performed for both the yeast and mycelial phases of this
fungus. No significant difference in the minimum inhibitory
concentrations (MICs) against different antifungal agents was

noted when tested either with yeast or conidia of
S. brasiliensis [47•, 48]. No break-point is established for
antifungal susceptibility testing of Sporothrix species.
However, for analytical purpose, the isolates may be consid-
ered as resistance if the MIC for itraconazole is ≥4 mg/L, for
posaconazole and terbinafine ≥1 mg/L and for amphotericin
≥2 mg/L [47•, 48]. S. brasiliensis generally exhibits good
in vitro activity against itraconazole, posaconazole and
terbinafine; moderate activity against amphotericin B; and
poor in vitro activity against caspofungin, voriconazole, flu-
conazole and flucytosine [31•, 47•, 49–51]. Amphotericin B,
posaconazole and terbinafine are active against S. schenckii
[31•, 48, 50]; itraconazole has variable activity [48, 50, 51];
voriconazole, fluconazole and echinocandins have poor activ-
ity [48, 50, 51]. Against S. globosa, itraconazole exhibits var-
iable susceptibility. Suzuki et al. [14•] demonstrated that 11%
of the S. globosa isolates had MICs of ≥4 μg/mL, whereas the
study by Marimon et al. [50] showed MIC50 of 32 μg/mL.
Like other species, fluconazole and voriconazole do not have
any in vitro effect on S. globosa. Only terbinafine was shown
to have low MIC against this species [50].
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