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INFECTIOUS DISEASE

Comparison of the Sensitivity of ThreeMethods for
the Early Diagnosis of Sporotrichosis in Cats
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Gonçalves 9090, Agronomia, Porto Alegre, Rio Grande do Sul, †Laborat�orio de Pesquisa Clı́nica em Dermatozoonoses em

Animais Dom�esticos, Instituto Nacional de Infectologia Evandro Chagas (INI), Fundaç~ao Oswaldo Cruz (Fiocruz), Av.
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Summary

Sporotrichosis is caused by species of fungi within the Sporothrix schenckii complex that infect man and animals.
In Rio de Janeiro, Brazil, an epidemic has been observed since 1998, with most of the cases being related to
transmission from infected cats. Although the definitive diagnosis of feline sporotrichosis is made by fungal cul-
ture, cytopathological and histopathological examinations are used routinely, because the long culture period
may delay treatment onset. However, alternative methods are desirable in cases of low fungal burden. Immu-
nohistochemistry (IHC) has been described as a sensitive method for diagnosing human and canine sporotri-
chosis, but there are no reports of its application to cats. The aim of this study was to analyse the sensitivity of
cytopathological examination (Quick Panoptic method), histopathology (Grocott silver stain) and anti-Spor-
othrix IHC by blinded comparisons, using fungal culture as the reference standard. Samples were collected from
184 cats with sporotrichosis that exhibited skin ulcers. The sensitivities of Grocott silver stain, cytopathological
examination and IHC were 91.3%, 87.0% and 88.6%, respectively. Grocott silver stain showed the best per-
formance. IHC showed high sensitivity, as did cytopathological examination and these may be considered as
alternative methodologies. When the three methods were combined, the diagnosis was established in 180
(97.8%) out of 184 cases. Taken together, these findings indicate the need to implement these methods as
routine tools for the early diagnosis of sporotrichosis in cats, notably when fungal culture is not available.

� 2018 Elsevier Ltd. All rights reserved.
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Introduction

Sporotrichosis is caused by different species of thermo-
dimorphic fungi within the Sporothrix schenckii com-
plex. The disease has worldwide distribution, with
reports from all continents (Barros et al., 2011a;
Chakrabarti et al., 2015) and has become an
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emerging health problem over the last two decades
because of the increasing numbers of human and
animal cases, changes to epidemiology and case
distribution and multiple outbreaks (L�opez-Romero
et al., 2011; Chakrabarti et al., 2015). This fact
highlights the need for efficient diagnostic tools.

Transmission of Sporothrix spp. usually occurs by
means of traumatic inoculation through the skin. Zo-
onotic transmission has been reported and is generally
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associated with scratches and bites from infected cats
(Rodrigues et al., 2016; Gremi~ao et al., 2017). Cats are
the main species involved in this kind of transmission
due to the high numbers of yeast-like cells in their
cutaneous lesions (Gremi~ao et al., 2015, 2017; Silva
et al., 2015), suggesting that, in contrast to other
animals, cats act as reservoir hosts amplifying the
organisms.

In Rio de Janeiro, Brazil, an epidemic of sporotri-
chosis affecting man and animals has been described
since 1998 (Schubach et al., 2004; Pereira et al.,
2014; Gremi~ao et al., 2017). In this scenario,
Sporothrix brasiliensis is the most prevalent
aetiological agent in man and cats (Rodrigues et al.,
2013; Boechat et al., 2018). Most of the cases in this
epidemic are related to transmission from infected
cats (Gremi~ao et al., 2017), which emphasizes the
importance of these animals in the epidemiology of
this mycosis. Cats are the animal species most affected
by sporotrichosis and skin ulcers are the main lesion
observed (Pereira et al., 2014, 2015). By 2015, 4,703
feline cases had been diagnosed at the Instituto
Nacional de Infectologia Evandro Chagas (INI),
Fundaç~ao Oswaldo Cruz (Fiocruz), which is a
referral centre for the diagnosis and treatment of
human and animal sporotrichosis and other mycoses
in Rio de Janeiro (Gremi~ao et al., 2017).

The reference standard method for diagnosing
sporotrichosis is isolation of Sporothrix spp. in culture
media (Rippon, 1988). However, this method is not
100% sensitive and Sporothrix spp. growth may not
be observed (Silva et al., 2015). This is generally due
to inadequate collection or transportation of the ma-
terial or to contamination with saprophytic microor-
ganisms (Moore and Ackerman, 1946; Schwarz,
1992). In some cases, this method can delay the
start of antifungal treatment because the isolation of
the fungus may require up to 30 days (Silva et al.,
2015). As a consequence of the delay in the antifungal
treatment, sporotrichosis can become severe,
increasing the risk of transmission and reducing the
chances of clinical cure. In addition, sporotrichosis
is unlikely to be the first clinical suspicion in non-
endemic regions and the general procedures of sample
collection and processing for isolation of the fungus
may therefore not be properly implemented. In such
cases, other diagnostic methods are required, in
particular those that are useful for making the differ-
ential diagnosis between neoplasia and other infec-
tious diseases (Miranda et al., 2013; Silva et al., 2015).

Cytopathological examination (CPE) is used
routinely as a screeningmethod for the diagnosis of fe-
line sporotrichosis because of its high sensitivity,
which enables the detection of approximately
78e85% of feline cases. CPE involves simple non-
invasive sample collection and is a rapid and inexpen-
sive method. It is therefore suitable for routine use by
trained veterinary practitioners, even in small facil-
ities, leading to rapid diagnosis and early initiation
of the treatment in endemic areas (Pereira et al.,
2011; Silva et al., 2015).

Histopathology is an ancillary diagnostic tool that
is also used as a rapid, inexpensive and widely avail-
able alternative for diagnosing feline sporotrichosis
(Miranda et al., 2013). Special histochemical stains,
such as Grocott’s silver stain (GSS), have been
described for diagnosing human and animal sporotri-
chosis and are usually applied to enhance the visual-
ization of the yeast-like cells in tissues (Miranda
et al., 2009, 2013; Quintella et al., 2011, 2012).

Although the detection of yeast-like cells in tissues
or cytological preparations from lesions of cats does
not generally pose a problem in the diagnosis of sporo-
trichosis, there are cases in which the fungal burden is
low and the use of more accurate methods is required
(Miranda et al., 2013). In this sense, immunohisto-
chemistry (IHC) allows the detection of antigen in tis-
sue through the assessment of antigeneantibody
interactions. This method has already been shown
to improve the sensitivity of the histological diagnosis
of human and canine sporotrichosis (Marques et al.,
1992; Miranda et al., 2011); however, it has not yet
been applied to feline sporotrichosis.

Convenient methods enabling rapid and reliable
results are highly desirable for the diagnosis of feline
sporotrichosis and for the implementation of early
treatment and control measures (Pereira et al.,
2011), thereby potentially reducing the transmission
of Sporothrix spp. to man and other animals (Silva
et al., 2015). The aim of the present study was to
compare the sensitivity of CPE, GSS and anti-Sporo-
thrix spp. IHC with fungal culture as the reference
standard.

Materials and Methods

Sampling

Samples were obtained from cats seen at the Labo-
rat�orio de Pesquisa Clı́nica em Dermatozoonoses em
Animais Dom�esticos (Lapclin-Dermzoo)/INI/Fioc-
ruz, Rio de Janeiro, Brazil, between 2009 and 2011.
Cats with skin ulcers not previously given antifungal
treatment were eligible for this study. All cases
included were confirmed as sporotrichosis by isolation
of Sporothrix spp. in culture from skin ulcers. The med-
ical procedures performed on the cats were approved
by the Animal Ethics Committee of Fiocruz, under li-
cense number L-041/06.

All specimens were obtained at the same time from
a single skin ulcer, including those for fungal culture.
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In cats with multiple skin ulcers, the one with the
largest diameter was selected for sampling.
Fungal Culture

Material collected with a sterile swab was seeded onto
Sabouraud’s dextrose agar and Mycobiotic agar
(Difco, Becton-Dickinson, Sparks, Massachusetts,
USA) and incubated at 25�C. Dimorphism was
confirmed by conversion to the yeast phase in
braineheart infusion broth at 37�C.
Cytopathological Examination

For CPE, impression smears of skin ulcers on a glass
slide were analysed in triplicate. The slides were air-
dried and then stained using the Quick Panoptic
method (Instant Prov Kit; Newprov, Pinhais, Brazil),
a Romanowsky-type stain. All slides were then ana-
lysed under an optical microscope at�1,000 magnifi-
cation. The results were considered positive when at
least one yeast-like structure suggestive of Sporothrix
spp. was detected (Silva et al., 2015). These structures
measured 3e5 mm in diameter and were surrounded
by a clear halo (Welsh, 2003).
Histopathology with Grocott Silver Stain

For the histopathological analysis, one fragment from
the edge of the ulcer was obtained through biopsy, us-
ing a punch of 4 mm, after sedation of the animals by
intramuscular injection of ketamine hydrochloride
(10 mg/kg) and acepromazine maleate (0.1 mg/
kg) and local anaesthesia of the biopsy region with
2% lidocaine hydrochloride without adrenaline.
The biopsy specimens were fixed in 10% neutral buff-
ered formalin and then processed routinely at the
Serviço de Anatomia Patol�ogica, INI/Fiocruz. Three
serial sections of the same tissue sample were subjected
to GSS (Carson and Hladick, 2009), for examination
under an optical microscope at �400 magnification.

Cases were considered positive when black or dark
brown yeast-like cells consistent with Sporothrix spp.
were found. These were round to oval or cigar-
shaped yeasts measuring 2e6 mm, usually presenting
with elongate buds with a narrow base (Barros et al.,
2011b).
Anti-Sporothrix spp. Immunohistochemistry

The procedures for antigen preparation and produc-
tion of anti-Sporothrix spp. antiserum have been
described previously (Lopes Alves et al., 1994). The
assay in feline tissue was carried out based on the con-
ditions previously documented for canine sporotri-
chosis (Miranda et al., 2011).
Formalin-fixed, paraffin wax-embedded samples
were sectioned onto silanized slides, followed by
dewaxing and rehydration. Three serial sections of
the same tissue sample were prepared. The following
steps were then performed: inhibition of endogenous
peroxidase with 30% H2O2 in 40 ml/100 ml (v/v)
methanol; blocking of non-specific binding with
normal swine serum (NCL-SSERUM, Novo Castra,
Newcastle, UK) in 1.5% bovine serum albumin
(BSA) (1 in 20 dilution); followed by incubation
with a solution of 0.1 g/ml milk powder in 3.0%
BSA. The histological sections were then incubated
overnight in a humid chamber at 4�C with anti-Spor-
othrix spp. antiserum diluted 1 in 4,000 in 1.5% BSA.
For each run, sections from a sample previously
confirmed to be positive by isolation of Sporothrix

spp. in culture and for containing yeast-like cells on
histopathological analysis were included as a positive
control. Additional sections from the same positive
sample were incubated with normal rabbit serum
(X0902; Dako, Carpinteria, California, USA) as a
negative control.

Serial washes in Tris-buffered saline were per-
formed and the sections were incubated with a univer-
sal biotinylated secondary antibody and streptavidin-
conjugated horseradish peroxidase (LSAB+ System
Kit K0690, Dako). The reaction was ‘visualized’
with 3, 30 diaminobenzidine (SIGMAFAST� 3, 30 di-
aminobenzidine tablets; SigmaeAldrich, St. Louis,
Missouri, USA) as chromogen. The sections were
counterstained withMayer’s haematoxylin and dehy-
drated.

The presence of brown-stained yeast-like cells
consistent with Sporothrix spp. was evaluated by exam-
ination under an optical microscope at�400 magnifi-
cation. Positive and negative controls were included
in each run.
Data Analysis

The results (positive/negative) obtained with the
three different methods (GSS, CPE and IHC), either
alone or combined, were compared using the McNe-
mar test for paired samples. P <0.05 was considered
to indicate a significant difference.

Microscopical examination of the CPE, IHC and
GSS slides was performed blindly by a single observer
(JNS) with experience in the microscopical diagnosis
of sporotrichosis.
Results

One hundred and eighty-four cats were included in
this study. Fig. 1 illustrates a cat with sporotrichosis
presenting with multiple ulcerated skin lesions. Most



Fig. 1. Feline sporotrichosis. (A) Cat with multiple ulcerated skin lesions on the forelimb and face. (B) Ulcer on the bridge of the nose.
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animals were male (n ¼ 150; 81.5%), mixed-breed
(n ¼ 152; 82.6%) and in good general condition
(n ¼ 143; 77.7%). The age ranged from 6 to 108
months (median 24 months).

One hundred and forty-four (78.3%) cases tested
positive for yeast-like cells of Sporothrix spp. by all
three methods, four (2.2%) tested negative by all
the three methods, 23 (12.5%) tested positive by
two methods and thirteen (7.0%) tested positive by
just one method (Figs. 2A, B). Among cases that
tested negative by CPE (n ¼ 24), yeast-like cells
were detected in 18 and 15 cases by GSS and IHC,
respectively. IHC and CPE alone diagnosed sporotri-
chosis in two and six cases, respectively. Combining
the three methods increased the diagnostic sensitivity
to 98.3%. The difference in sensitivity between the
three techniques was not significant. Figs. 3A-C
show yeast-like cells of Sporothrix spp. detected by
the three methods used.
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Discussion

The evaluation of alternative tools for diagnosing
sporotrichosis is useful, particularly in situations in
which fungal culture is not available or when the re-
sults are delayed due to slow growth. The present
study compares for the first time the sensitivity of
three different methods for diagnosing sporotrichosis
in 184 cats, using fungal culture as the reference stan-
dard.

The results described in this study confirm that
CPE has a high sensitivity (87.0%) in detecting
yeast-like cells of Sporothrix spp. in skin lesions of
cats, as previously described (Pereira et al., 2011;
Silva et al., 2015). Despite its low specificity and the
fact that false-positive cases have been identified in
endemic areas by less experienced observers (Silva
et al., 2015), we still recommend the routine use of
CPE for the presumptive diagnosis of feline
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Fig. 3. Detection of yeast-like cells of Sporothrix spp. in skin lesions of cats with sporotrichosis by different techniques. (A) Histological sec-
tion from a cat with cutaneous sporotrichosis. Two brown Sporothrix spp. yeast-like cells. IHC. (B) Impression smear of a skin lesion
from a cat with sporotrichosis showing numerous cigar-shaped or oval yeast-like cells with a single round pink nucleus surrounded
by blue cytoplasm and an unstained cell wall, within macrophages and extracellular medium.Quick Panoptic stain. (C)Histolog-
ical section from a cat with cutaneous sporotrichosis. Numerous dark-brown Sporothrix spp. yeast-like cells. GSS.
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sporotrichosis within veterinary practice, especially in
outbreaks or endemic situations. In this respect, we
advocate advanced training of these professionals in
order to reduce false-negative (i.e. lack of identifica-
tion of yeast-like cells) and false-positive (i.e. misiden-
tification of yeast-like cells) results. CPE is
inexpensive, rapid and easy to use. Furthermore,
this method was positive in six cases that tested nega-
tive by the other two methods in this study, which
supports the use of CPE as a first-line option, contrib-
uting to a quick diagnosis and to the early treatment
of sick cats, increasing the chances of clinical cure and
consequently reducing the risk of transmission of Spor-
othrix spp. to man or other animals (Silva et al., 2015).

When it comes to non-endemic areas, it should be
kept in mind that sporotrichosis might not be the first
clinical suspicion, even in common clinical presenta-
tions. Additionally, the observers may not be familiar
with the microscopical appearance of the pathogen in
such areas, impairing the prompt identification of
yeast-like cells of Sporothrix spp. byCPE. In such cases,
the smear could be forwarded for interpretation by a
specialist pathologist. Alternatively, histopathology
may be considered for diagnosing sporotrichosis, since
it enables retrospective analysis of formalin-fixed,
paraffin wax-embedded tissues, which is particularly
desirable when sporotrichosis is not initially consid-
ered as a differential diagnosis and no sample is
collected for fungal culture.
In fact, histopathological analysis by means of hae-
matoxylin and eosin staining is a decisive tool and
should be used routinely by pathologists. While the
histopathological presentation is consistent with
sporotrichosis (i.e. suppurative granulomatous
inflammation), special histochemical stains like GSS
should be used for the detection of yeast-like cells
(Miranda et al., 2013). In this study, GSS had high
sensitivity for detecting yeast-like cells in histological
sections from lesions of cats with sporotrichosis, as pre-
viously found byMiranda et al. (2013). In human and
canine sporotrichosis, GSS is not considered a high-
sensitivity method, because the skin lesions in those
species typically have low fungal burdens. Previous
studies reported a sensitivity of GSS of 35.3% and
65.5% in human and canine sporotrichosis, respec-
tively (Miranda et al., 2009; Quintella et al., 2011).
Significant improvement in diagnostic sensitivity
has been described with the use of IHC (Marques
et al., 1992; Miranda et al., 2011) in human and
canine samples. However, this was not the case for
feline sporotrichosis, as demonstrated in this study,
in which GSS had the highest sensitivity of the
techniques evaluated.

These opposing findings can be partially due to
the high fungal burden that is usually seen in skin
lesions caused by Sporothrix spp. in cats. Therefore,
yeast-like cells are easily found, irrespective of the
method used. However, particular attention should
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be directed to cases with low fungal burdens that
can be found occasionally in feline sporotrichosis,
especially in animals with localized lesions or those
already under antifungal treatment. In these cases,
even repeated sampling may fail to isolate Sporothrix

spp. in culture and IHC should therefore be used as
an alternative for GSS-negative samples. Microscop-
ical analysis of multiple sections from the same sam-
ple should also be carried out in order to increase
the chance of detecting sparse yeasts in cases of
low fungal density.

Potentially relevant is the fact that not only is S. bra-
siliensis the most prevalent causative species of feline
sporotrichosis in Rio de Janeiro (Boechat et al.,
2018), but it has also been reported to be highly viru-
lent and correlated with high fungal burden
(Almeida-Paes et al., 2015). Within this context, we
hypothesize that infection with less virulent species
of the Sporothrix complex, outside the Brazilian
endemic region for example, could lead to lower
fungal burden and related diagnostic difficulties.

The combination of CPE, GSS and IHC increased
the diagnostic sensitivity in comparison with each
technique alone. Although analysis of the fungal
burden was not the objective of this study, it is likely
that the disagreement between the methods occurred
in cases with low fungal burden, in which evaluation
of different methods is particularly important.

In view of the high potential of cats for transmit-
ting Sporothrix spp. and the increasing numbers of re-
ports of sporotrichosis worldwide, we highlight the
importance of including this disease in the differen-
tial diagnosis of cases in which the clinical and his-
topathological presentations resemble that of
sporotrichosis. Since the methods described here
permit the diagnosis in almost 100% of cases, we
emphasize the importance of their implementation
as regular tools, notably when fungal culture is un-
available. Furthermore, we strongly encourage the
application of these methods in non-endemic areas,
together with the assessment of fungal burden in or-
der to determine their adequacy in different epide-
miological scenarios.
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