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INVASIVE FUNGAL INFECTIONS  
AND OOMYCOSES IN CATS 
1. Diagnostic approach

Introduction 
 

The outcome of a fungal infection depends  
on a complex interplay between the fungal 
pathogen and the host’s immune response. 
Non-invasive fungal infections are those in 
which fungal elements are restricted to sur-
face colonisation of the skin, hair, mucosa or 
airways. By contrast, in invasive fungal infec-
tions (IFIs), fungal elements penetrate tissues 
and can spread locally or by haematogenous 
and/or lymphatic dissemination. For exam-
ple, in dermatophytosis, the most common 
non-invasive mycosis of cats, Microsporum 
canis infects the stratum corneum of the  
epidermis, hair shafts and hair follicles. 
However, occasionally, M canis penetrates the 
dermis to cause an IFI.1  

Part 1 of this two-part article series 
describes the general diagnostic approach to 
cats with suspected IFIs or oomycoses, here-
after termed invasive fungal-like infections 
(IFLIs). Attention then turns to reviewing clin-
ical features and providing diagnostic tips for 
the most common IFIs and IFLIs. The fungal 
pathogen Candida is not reviewed since there 
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Clinical relevance: In contrast to superficial fungal infections, such as dermatophytosis, 
invasive fungal infections (IFIs) are characterised by penetration of tissues by fungal elements. 
Disease can spread locally within a region or can disseminate haematogenously or via the 
lymphatics. The environment is the most common reservoir of infection. Since fungal spores 

are airborne, indoor cats are also susceptible to IFIs. Some environmental fungi are ubiquitous 
and present globally, while others are endemic or hyperendemic within specific geographic 

regions. Zoonotic pathogens include Microsporum canis, Sporothrix schenckii and Sporothrix brasiliensis.  
Aim: In the first of a two-part article series, the approach to the investigation of feline IFIs and oomycoses  
is reviewed. As well as tips for diagnosis, and information on the ecological niche and distribution of fungal 
pathogens, the review covers clinical presentation of the most common IFIs, including cryptococcosis, 
histoplasmosis, blastomycosis, coccidioidomycosis, sporotrichosis, phaeohyphomycosis, aspergillosis and 
dermatophytic pseudomycetoma, as well as the oomycoses pythiosis, lagenidiosis and paralagenidiosis.  
In Part 2, the spectrum of activity, mechanisms of action, pharmacokinetic and pharmaco dynamic 
properties and adverse effects of antifungal drugs are reviewed, and the treatment and prognosis for 
specific IFIs and oomycoses are discussed. 
Evidence base: The review draws on published evidence and the authors’ combined expertise in feline 
medicine, mycology, dermatology, clinical pathology and anatomical pathology.  
 
Keywords: Dimorphic fungal infections; phaeohyphomycosis; aspergillosis; dermatophytic 
pseudomycetoma; pythiosis; lagenidiosis

have been fewer than 10 cases of invasive can-
didiasis reported;2–6 by contrast, non-invasive 
Candida species infections of the lower urinary 
tract are moderately frequent.7 Algal infec-
tions, such as protothecosis, and other IFLIs, 
such as microsporidiosis and rhinosporidio-
sis, are outside the scope of this review.8–17  
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Agents of disease 
 
The fungal kingdom is vast and currently 
includes 19 different phyla.19 The most com-
mon moulds and yeasts that cause IFIs in cats 
are listed in Table 1. Yeasts are unicellular and 
reproduce asexually by budding to form a 
daughter cell, whereas moulds are multi -
cellular filaments (hyphae) that reproduce 
asexually through fragmentation of hyphae or 
production of asexual spores (conidia). Many 
yeasts and moulds also reproduce sexually by 
meiosis. Some yeasts have three vegetative 
states – yeast, pseudohyphae and hyphae – 
which can make cytological identification in 
tissues more difficult. Some fungi (thermally 
dimorphic ascomycetes, Table 1) exist as 
moulds in their environmental reservoirs and 
switch to yeast forms in the higher tempera-
tures of infected hosts.20  

oomycetes are the most common fungal-
like organisms to infect cats.  

Most feline IFIs and IFLIs are not zoonotic. 
Rather, they are caused by shared environ-
mental patho gens, which lead to disease in 
humans and animals alike, usually through 
inhalation or traumatic cutaneous inoculation. 
Sporo trichosis is a notable, highly zoonotic 
exception. M canis is also zoonotic in cats with 
derma tophytic pseudomycetoma and concur-
rent dermatophytosis. 

 

General diagnostic approach  
to a possible invasive fungal  
or fungal-like infection 
 
History and signalment 
Knowledge of which fungi are ubiquitous 
saprophytes, occurring anywhere regardless 
of geographic location, and which are endem-
ic or hyperendemic in particular regions is 
helpful when considering the likelihood and 
ranking of an IFI/IFLI in the differential diag-
nosis list (Figure 1; see also later discussion  
of the ‘diagnostic approach for selected  
invasive fungal and fungal-like infections’). 
With global warming, the geographic range  
of many environmental fungi is increasing.21 
Travel history is also important, because some 
IFIs (eg, cryptococcosis and histoplasmosis) 
can be latent and subclinical but can  
reactivate months to years later if the cat is 
immunosuppressed.22  

Patient signalment can raise the ranking  
of IFI/IFLI on the differential diagnosis list.  
For example, Persian cats and related breeds 
are predisposed to some IFIs, including 
aspergillosis and dermatophytic pseudo -
mycetoma.23 Fun gal infections can occur in 
cats of either sex or any age, but some predis-
positions exist for certain IFIs/IFLIs (see 
‘diagnostic approach for selected invasive 
fungal and fungal-like infections’). Moreover, 
while IFIs are commonly diagnosed in  
apparently immunocompetent cats, immuno-
suppression from concomitant disease or 
immuno modulatory drugs, such as ciclo -
sporin,24 is a risk factor for IFIs and also for 
haematogenous dissemination of an IFI. 

Journal of Feline Medicine and Surgery

Phylum Class Genus

Hyaline (non- 
pigmented) 
hyphomycete moulds

Dematiaceous  
(pigmented) 
hyphomycete moulds

Dimorphic fungi

Ascomycota Eurotiomycetes Aspergillus species 
Microsporum species

Cladophialophora 
species 
Exophiala species

Histoplasma species† 
Blastomyces species† 
Coccidioides species† 

Sordariomycetes Scedosporium species 
Lomentospora species

Sporothrix species†

Dothideomycetes Curvularia species 
Bipolaris species 
Cladosporium species

Basidiomycota Tremellomycetes  Cryptococcus species

Mucoromycota* Mucoromycetes 
 

Rhizopus species 
Mucor species

Basidiobolomycota* Basidiobolomycetes Basidiobolus species

Zoopagomycota*

Entomophthoromycota* Entomophthoromycetes Conidiobolus species

*Previously known as Zygomycetes. †Thermally dimorphic 

Classification of common invasive fungal pathogens in catsTable 1

Most feline invasive fungal and fungal-like infections 
are not zoonotic. Sporotrichosis is a notable,  

highly zoonotic exception.











Figure 7 DERMATOPHYTIC PSEUDOMYCETOMA. Histological sections from  
a resected nodule from a 10-month-old female neutered Exotic Shorthair cat.  
The patient had multiple subdermal nodules on the head and abdomen with 
pyogranulomatous dermatitis and panniculitis due to Microsporum canis infection. (a) Haematoxylin and eosin-stained section; 
mats of fungal hyphae with occasional bulbous ends are surrounded by neutrophils and a multinucleated giant cell (asterisk). 
Fungal hyphae stain magenta pink with periodic acid–Schiff (b) and brown/black with Grocott methenamine silver (c). Bar = 10 µm
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Figure 4 PYTHIOSIS. Histological sections of a skin biopsy sample from a 6-month-old female domestic shorthair cat with a granulating lesion on the right 
hindlimb. Pythium insidiosum infection was diagnosed within the dermis and subcutis. (a) On haematoxylin and eosin staining, ghost-like outlines of irregular 
hyphae (arrows) can be seen embedded in the magenta pink necrotic material. On periodic acid–Schiff (b) and Grocott methenamine silver (c) staining, 
irregular hyphae with non-parallel walls and tapering ends are identified. Bar = 10 µm

Visualisation of fungal and fungal-like elements on histology

a b c

Figure 5 PHAEOHYPHOMYCOSIS. Histological sections of a skin biopsy sample from an adult domestic shorthair cat with a large ulcerated nodular skin mass.  
(a) Haematoxylin and eosin-stained section; within the chronic severe pyogranulomatous dermatitis and panniculitis, hyphal elements (3–4 µm in width) are easily 
identified due to their melanised (brown) cell walls. Septate hyphae stain positively with periodic acid–Schiff (b) and Grocott methenamine silver (c). Bar = 10 µm

a b c

Figure 6 CRYPTOCOCCOSIS. 
Histological sections from a 
mass infiltrating the left external 
ear canal of a 9-year-old female 
neutered domestic shorthair cat 
with Cryptococcus neoformans 
infection. (a) Haematoxylin and 
eosin-stained section; sheets of 
refractile, round-to-oval yeasts, 
occasionally exhibiting narrow-
necked budding (arrow), are 
surrounded by large unstained 
capsules. Yeast walls stain 
magenta with periodic 
acid–Schiff (b) and black with 
Grocott methenamine silver (c).  
Bar = 10 µm

a b c

*
a b

c

The two special 
stains most 

commonly used 
to detect fungi 

are periodic 
acid–Schiff  
and Grocott 

methenamine 
silver.
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Samples for culture should be submitted  
to the laboratory at room temperature if  
they can be delivered within 2 h; otherwise, 
they should be refrigerated at 4°C until  
collection.62 

Some fungal elements are hard to visualise 
on routine haematoxylin and eosin staining  
of histological preparations. Whenever  
fungal infection is suspected by the  
clinician, additional ‘fungal’ stains should be 
requested. This includes all cases in which  
histological reports of biopsied tissues 
describe a pyogranulomatous or granuloma-
tous inflammatory response but where no 
fungal elements are detected. The two most 
common special stains used to detect fungal 
and fungal-like elements are periodic 
acid–Schiff and Grocott methen amine silver 
(Figures 4–7). 

Adequate tissue should be sampled for sub-
mission for histology and for fungal culture. 
In practice, fungal cultures are often not 
requested at the time of biopsy, either because 
an IFI/IFLI is not suspected or because of 
client financial constraints.  
 

Fungal culture  
Optimal conditions for culture 
The most reliable way of definitively identify-
ing the cause of an IFI is by fungal culture 
(Table 4). However, it is underutilised in veteri-
nary medicine. Morphological features of fun-
gal colonies and microscopic examination of 
cultured fungal elements usually enable identi-
fication to genus level. Identification to species 
level may require one or more PCR assays or 
matrix-assisted laser desorption/ionisation 
time-of-flight mass spectrometry (MALdI-ToF 
MS), using fungal culture material.  

The success of fungal culture depends to a 
large extent on the expertise of the laboratory 
processing the sample, as well as the condi-
tion in which the biopsy is received, and the 
duration and conditions of transport. Reasons 
for negative fungal cultures include use of  
culture media and/or incubation temperatures 
that are not conducive for growth, as well as 
overgrowth by commensal or contaminating 
bacteria or fungi. The use of at least two differ-
ent incubation temperatures and different 
types of media has been shown to increase the 

Journal of Feline Medicine and Surgery

Genus or group Media* Optimal growth conditions Molecular targets for PCR assays

Aspergillus species MEA, SDA, CzA 28–37°C ITS1, ITS2 or ITS1-5.8S-ITS2, ��-tubulin, 
calmodulin, actin

Basidiobolus species 
Conidiobolus species 

SDA, IMA, PDA, CMA 30°C and 37°C; faster growth at 30°C. 
Difficult to grow, especially after 
prolonged transportation. Killed by 
refrigeration 

ITS1, ITS2 or ITS1-5.8S-ITS2, 18S rRNA, 
Cyt b

Cryptococcus species SDA, BSA, CGB 37°C (budding yeast) ITS1, ITS2 or ITS1-5.8S-ITS2, D1/D2

Histoplasma species BHIA 25–30°C (mould) 
37°C (budding yeast) 

ITS1, ITS2 or ITS1-5.8S-ITS2

Mucor species PDA, CzA, water agar with  
0.1% yeast extract

30°C or 37°C (depending on species). 
Difficult to culture; grinding specimens 
may damage fragile hyphae

ITS1, ITS2 or ITS1-5.8S-ITS2, Cyt b

Dematiaceous fungi 
(Phaeohyphomycetes)

SDA, MEA, IMA, PDA 25–37°C ITS1, ITS2 or ITS1-5.8S-ITS2, actin, 
GPDH

Microsporum canis 
(dermatophytic 
pseudomycetoma) 

PDA 25–35°C ITS1, ITS2 or ITS1-5.8S-ITS2, D1/D2

Pythium species 
Lagenidium species 

SDA, PDA, CMA,  
blood agar

34–37°C ITS1, ITS2 or ITS1-5.8S-ITS2, COXII

Sporothrix species BHIA 25°C and 37°C ITS1, ITS2 or ITS1-5.8S-ITS2, D1/D2,  
��-tubulin, chitin synthase, TEF

*Non-selective general purpose media are shown in bold 
BHIA = brain–heart infusion agar; BSA = bird seed agar; CGB = canavanine glycine bromothymol blue agar; CMA = corn meal agar; Cyt b = 
cytochrome b gene; CzA = Czapek Dox agar; GPDH = glycerol-3-phosphate dehydrogenase; IMA = inhibitory mould agar; ITS = internal transcribed 
spacer; MEA = malt extract agar, PDA = potato dextrose agar, SDA = Sabouraud’s dextrose agar, TEF = translation elongation factor

Optimal media and incubation temperatures for fungal isolation, and targets for PCR of DNA 
extracted from fungal culture for molecular identification63

Table 4

Fungal culture, followed by PCR or MALDI-TOF mass spectrometry of cultured fungi,  
is the most reliable way of definitively identifying the cause of an IFI. Success depends on 

the expertise of the laboratory, as well as the condition in which the biopsy is received.
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