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Cryptococcosis is one of the most common mycotic infections in cats, which may affect the skin, mucous membranes of
the upper respiratory tract, lungs, and central nervous system. Despite its high prevalence among cats in North America, Aus-
tralia, and sporadic occurrence in Europe, there is no available information in Ukraine presenting case analyses of cryptococ-
cosis in various animal species, likely due to the absence of timely diagnostic procedures for this disease. The etiological
agents are Cryptococcus neoformans or C. gattii — encapsulated yeast-like fungi capable of surviving for prolonged periods in
the environment, particularly in soil and avian excrement (especially that of pigeons). Infection typically occurs through the
aerogenic route. The nasal cavity is the most common site of the primary infection, with possible hematogenous dissemination
to the skin, eyes, and central nervous system. This article describes two cases of cryptococcosis in non-pedigree domestic cats
that were treated at a veterinary clinic in Lviv (Ukraine) during 2024. According to the anamnesis, both cats were males, aged
5and 7 years, kept indoors with free outdoor access. Rapid tests for FIV and FeLV were negative. Clinical examination of one
cat revealed a solitary, firm, alopecic, left-sided cutaneous nodular lesion near the nasal wing, while the second cat presented
with inspiratory dyspnea and mucopurulent nasal discharge. Cytological and histopathological examinations were performed
for diagnostic verification. Fine-needle aspiration biopsies were collected from the affected skin area near the nasal wing and
from the nasal mucosa, followed by hematoxylin and eosin staining. To improve yeast visualization, the PAS reaction, Hei-
denhain’s Azan trichrome stain, and Grocott’s methenamine silver stain were performed. Cytological smears stained with
Romanowsky-Giemsa revealed numerous round cells forming clusters located among epithelial and leukocytic cells. Crypto-
coccus spp. cells possessed a well-defined capsule. In the PAS (McManus) reaction, the yeast cells stained bright red and were
surrounded by a thick mucoid capsule. Application of Grocott’s staining method clearly identified budding yeast cells, which
appeared black in color. Thus, classical morphological features of cryptococcosis in domestic cats were identified through the
use of cytological and histological diagnostic methods, once again emphasizing the importance of comprehensive morpholog-
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ical diagnostics for this infection.
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Introduction

Cryptococcosis (torulosis, European blastomycosis, Busse-Bus-
chke disease) is one of the most widespread systemic mycotic disea-
ses being recorded in various animal species including cats, dogs, fer-
rets, horses, goats, sheep, bovine animals, reptiles, amphibians, and
even fish (McGill et al., 2009; Danesi et al., 2021). According to
McGill et al. (2009), cats are affected five to six times more frequent-
ly than dogs and approximately three times more frequently than
horses. Cryptococcosis was first described in humans by Zenker and
Freeman in 1861. The etiological agent, initially isolated from a hu-
man patient by Benham, was later characterized in greater detail. In
1916, Stoddard and Cutler established the association between cryp-
tococcosis and mycotic infection, designating the fungus as Torula
histolytica. In 1934, Benham concluded that the fungal agent of cryp-
tococcosis exhibits numerous morphological variants but belongs to a
single species. Redaelli subsequently described animal cases of the di-
sease, which he considered to be European blastomycosis. According
to Sanfelice (1895), similar lesions were also observed in horses in
Italy. In 1904, Vuillemin detected cryptococci in pig lungs, while Fro-
thingham (1902) described a yeast-like fungus in equine lungs.
In 1912, Majer was the first to isolate Cryptococcus neoformans from
tumor-like lesions on a horse’s lip. Later, in 1935, Weidman and Rat-
cliffe described a case of generalized European blastomycosis in a
cheetah from the Philadelphia Zoo that resulted in the animal’s death.
Research conducted over recent decades in multiple countries has
confirmed a broad occurrence of cryptococcosis among both animals
and humans (Barnett, 2010).

Cryptococcus neoformans is widespread in nature. It can be reco-
vered from soil as well as from the skin of humans and animals. Ex-
tensive carrier status has been established among pigs and pigeons
(Emmons, 1960; Hamilton & Goodley, 1996). The fungus predomi-

nantly infects humans and animals via the aerogenic route, through
inhalation of basidiospores present in the environment. This is sup-
ported by the fact that cases of primary pulmonary cryptococcosis in
humans, dogs, and cats are most frequent. The pathogen may also inva-
de via the gastrointestinal tract, damaged skin, or mucous membranes.

The disease most often presents as focal lesions of the nasal cavity
or eyes; pulmonary involvement is less common, although cases of
meningoencephalomyelitis in animals have also been described in the
literature. In cats and dogs, the nasal cavity is frequently the primary
site of localization of Cryptococcus spp., which, upon contact with the
mucous membrane, causes both localized and systemic infection
(Malik et al., 1992; O’Brien et al., 2004; Caswell & Williams, 2007).
From the upper respiratory tract, the pathogen may spread to the cen-
tral nervous system through the cribriform plate, or to the lower res-
piratory tract and lungs (Martins et al., 2011). In cases of pulmonary
infections, hematogenous dissemination may also occur via the
mechanism of a so-called “leukocytic transport” (Caswell & Williams,
2007). Systemic cryptococcosis, as noted above, results from hema-
togenous dissemination of the pathogen and may manifest as menin-
goencephalomyelitis, uveitis, chorioretinitis, osteomyelitis, polyarthri-
tis, generalized lymphadenitis, or lesions of parenchymal organs,
including kidneys. Isolated systemic lymphadenitis in cats and dogs is
rare (Costa et al., 2022). In histopathological studies of cats with sys-
temic FeLV and feline infectious peritonitis, cryptococcosis has been
identified among the main causes of ocular organ lesions (Wronski
etal., 2023).

The pathogenic Cryptococcus species most frequently reported by
Caswell & Williams (2007) are C. neoformans and C. gattii. Asymp-
tomatic courses of infection during colonization of the respiratory
tract by Cryptococcus spp. have been recorded much more frequently
than cases with clinically apparent signs of disease (Malik et al., 1997;
Connolly et al., 1999; Danesi et al., 2014). Specifically, asymptomatic
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carriage of C. gattii has been identified in 4.3% of cats, 1.1% of dogs,
and 2% of wild animals (mostly squirrels) in Colombia (Duncan et al.,
2005; Bartlett et al., 2008). The incubation period ranges from one
month to several years, and the source of infection often remains
unknown.

According to Duncan et al. (2005), in most of the reported cases
in cats, the course of the disease was subclinical. Cryptococcosis has
been documented in cats of various ages, whereas in dogs it has most
often been diagnosed in young individuals (Malik et al., 1992; McGill
et al., 2009; Trivedi et al., 2011; Vercelli et al., 2021). According to
Awustralian studies, cat breeds such as Siamese, Burmese, and Ragdoll
demonstrated an increased susceptibility to infection; however, this
trend was not confirmed in the United States (Malik et al., 1992;
O’Brien et al., 2004; McGill et al., 2009; Sykes et al., 2010; Trivedi
etal.,, 2011). A clear sex predisposition has also not been established,
although most retrospective studies in cats indicate a predominance of
disease among males (Malik et al., 1992; Flatland et al., 1996; Jacobs
et al., 1997; Gerds-Grogan & Dayrell-Hart, 1997; Lester et al., 2004;
McGill et al., 2009; Sykes et al., 2010). Seasonal variation in disease
incidence among cats and dogs has likewise not been observed (McGill
et al., 2009). Furthermore, lifestyle cannot be considered a risk factor,
as the disease has been recorded in both domestic and stray or wild
animals.

Pigeons are considered the natural reservoirs of Cryptococcus and
are believed to play a key role in the global dissemination of the path-
ogen. They carry yeast cells on their beaks, feathers, and feet (Pal,
1989), while their excrement provides favorable conditions for fungal
proliferation (Fortes et al., 2001).

The geographical range of Cryptococcus spp. in Europe is quite
extensive: the pathogen has been detected in Austria, Belgium, Bos-
nia and Herzegovina, Denmark, France, Germany, Greece, Italy, the
Netherlands, Portugal, Spain, Sweden, and the United Kingdom
(Lester et al., 2004; Nunes Rodrigues et al., 2020; Glavini¢ et al.,
2024). Considering the sporadic nature of the disease in animals and
the lack of its detection during routine laboratory diagnostics, most of
the cases described in the literature concern isolated infections or
reports involving a small number of animals (Castella et al., 2008;
Nunes Rodrigues et al., 2020; Vercelli et al., 2021; Glavini¢ et al.,
2024). The disease has been studied in greatest detail within retro-
spective research conducted in Canada, Australia, and the US (Stephen
et al., 2002; O’Brien et al., 2004; Duncan et al., 2005, 2006; McGill et
al., 2009; Sykes et al., 2010). No studies on the prevalence of crypto-
coccosis in cats and dogs have been conducted in Ukraine.

The genus Cryptococcus comprises at least 37 species (Sykes,
2022). In cats, the disease is caused by basidiomycetous yeasts belon-
ging to the C. neoformans and C. gattii species complexes. According
to the earlier classification, which was based on the antigenic properti-
es of the capsular polysaccharide, five serotypes were distinguished:
A, D, AD, B, and C (Takashima & Sugita, 2022). In the revised no-
menclature, two main species associated with feline infections are re-
cognized: C. neoformans (including the subspecies C. n. var. grubii —
formerly serotype A —and C. n. var. neoformans — formerly serotype
D) and C. gattii (formerly serotypes B and C).

In mammals, Cryptococcus usually exists in the yeast form and
reproduces by budding within infected tissues. Under certain conditi-
ons, however, the pathogen can differentiate into other morphological
forms, including chlamydospores, pseudohyphae, and true hyphae
(Alspaugh et al., 2000; Lin & Heitman, 2006). Cryptococcus is capa-
ble of surviving inside phagocytic cells, particularly macrophages and
neutrophils, and can disseminate through their activity (Urban et al.,
2006; Trivedi et al., 2011).

The diagnosis of cryptococcosis relies on cytological and micro-
biological examination of representative tissue samples using cytolo-
gical and microbiological methods, and, when necessary, histopatho-
logical research. Serological detection of cryptococcal antigen in bio-
logical fluids is also occasionally performed. The most informative
diagnostic samples include nasal swabs, nasal lavages, aspirates from
mass lesions, bronchoalveolar lavage, pleural fluid, cerebrospinal flu-
id, and urine (Sykes, 2022). Treatment approaches to cryptococcosis
in dogs and cats are largely based on extrapolation from human medi-
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cine and the clinical experience of veterinarians, as studies on the effi-
cacy of specific treatment protocols in veterinary practice are lacking.
The aim of this research was to describe the morphological aspects of
cryptococcosis in spontaneously infected domestic cats based on
clinical, cytological, and histopathological examinations.

Materials and methods

Al research procedures fully complied with ethical standards re-
garding the use of animals in experimental studies (Strasbourg, 1986;
Kyiv, 2002). During 2024, two cases of suspected cryptococcosis in
cats were recorded at the “Vetpraktik” clinic (Lviv, Ukraine). Accor-
ding to the anamnesis, both cats were non-pedigree males, aged 5 and
7 years, kept indoors with unrestricted outdoor access. Routine pro-
phylactic treatments against ecto- and endoparasites as well as annual
rabies vaccination were performed. Rapid diagnostic tests for FIV and
FeLV were negative in both cats. Physical examination revealed a so-
litary alopecic nodular skin lesion on the left side near the nasal wing
in one cat, and inspiratory dyspnea with mucopurulent nasal dischar-
ge in the other. For cytopathological examination, at least three cyto-
logical smears were prepared from affected tissues, air-dried, fixed in
methanol, stained using the Romanowsky-Giemsa method, and exa-
mined under a Leica DM-2500 light microscope.

Fine-needle biopsies were obtained directly from the cutaneous
nodule near the nasal wing and from the nasal mucosa for histopatho-
logical examination. Tissue samples were fixed in 10% aqueous neut-
ral buffered formalin, rinsed, dehydrated through a graded series of al-
cohols, and embedded in paraffin following standard procedures. Pa-
raffin blocks were sectioned at 7 um thickness using an MS-2 sledge
microtome. For light microscopy, deparaffinized sections were stai-
ned with Mayer’s hematoxylin and eosin. Additionally, the PAS reac-
tion according to McManus was applied: sections were oxidized in
0.5% aqueous periodic acid for 2 minutes, rinsed in distilled water,
treated with Schiff’s reagent for 10 minutes, and washed under run-
ning water for 10 minutes. Counterstaining was performed with May-
er’s hematoxylin for 3 minutes, followed by rinsing, dehydration in
alcohols, clearing in xylene, and mounting in a synthetic medium.
The identified yeast cells demonstrated an intense PAS-positive reac-
tion, staining purplish-red. Schiff’s reagent was prepared according to
the protocol described by Pearse (1960).

For Heidenhain’s Azan trichrome staining, paraffin sections were
deparaffinized in xylene, rehydrated to distilled water, and immersed
in azocarmine in a Coplin jar at 5660 °C for 45 minutes. The stained
sections were rinsed in distilled water and differentiated in 0.1% ani-
line solution in 90% ethanol. Sections were then washed in 1% acetic
acid in 96% ethanol for 0.5 minutes and placed in 5% aqueous phos-
photungstic acid for 1 hour. Under microscopic control, connective
tissue decolorization was monitored, after which the sections were
quickly rinsed in distilled water and stained with aniline blue and
orange G in acetic acid for 1 hour. They were then rinsed in distilled
water, differentiated in 96% ethanol, cleared in xylene, and mounted
in synthetic resin with a coverslip (Mulisch & Welsch, 2010).

The Grocott methenamine silver method was based on prelimina-
ry oxidation in 5% aqueous chromic acid, decolorization with sodium
bisulfite, impregnation with methenamine silver, toning with 1% aqu-
eous chloroauric acid, subsequent treatment with 5% aqueous sodium
thiosulfate, dehydration, clearing in xylene, and mounting in synthetic
resin (Mulisch & Welsch, 2010).

Light microscopy and microphotography of histological speci-
mens were performed using a Leica DM-2500 microscope equipped
with a Leica DFC 450 C digital camera.

Results

Examination of the cat with a left-sided cutaneous nodular lesion
near the nose, measuring up to 1.5 ¢cm in diameter and accompanied
by alopecia, revealed that the lesion was immobile, unilateral, well-
circumscribed, round, and non-painful (Fig. 1). According to the ow-
ners, the animal’s activity level and appetite remained normal, and no
deviations in its general condition were noted. The second cat had ex-
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hibited bilateral mucopurulent nasal discharge and frequent sneezing
over several months. Clinical examination revealed inspiratory dys-
pnea, however, thoracic radiography showed no pathological changes
in the lower respiratory tract. Hematological and biochemical blood
analysis demonstrated an increased number of segmented neutrophils
and a slight elevation in total protein level. Antimicrobial therapy pro-
ved ineffective. Rhinoscopy revealed pink, granuloma-like formati-
ons within the nasal passages, from which biopsies were collected for
histopathological examination.

Cytological examination of Romanowsky-Giemsa stained smears
prepared from fine-needle biopsy specimens of the affected nasal
wing and nasal mucosa revealed numerous yeast cells with well-defi-
ned capsules. Individual yeasts formed clusters located among epithe-
lial and leukocytic cells (Figs. 2, 3).

Histological examination of the affected skin areas revealed focal
perivascular lymphocytic-plasmacytic infiltration (Fig. 4a) and a large
number of spherical yeast cells surrounded by capsules (Fig. 4b).
A clear halo was visible among the yeast cells and their capsules.

Staining of biopsy material from the cutaneous lesion around the
nasal wing and nasal cavity using the PAS reaction according to
McManus (Fig. 5) and Heidenhain’s Azan stain (Fig. 6) demonstrated
massive diffuse infiltration with yeast cells that stained bright red
(Fig. 5a, 5b). A morphological characteristic of the yeast forms of
Cryptococcus spp. was the presence of a thick mucoid capsule

(Fig. 5¢, 5d). The majority of yeast cells were round or oval, ranging
from 5 to 15 um in diameter.

Fig. 1. Left-sided firm nodular lesion with alopecia
up to 1.5 cm near the nasal wing in a cat

When the Grocott methenamine silver method was applied, yeast
cells stained black, allowing clear identification of budding forms
within the examined samples (Fig. 7a, 7b).

Fig. 2. Fine-needle biopsy from affected areas of the nasal cavity (a, b): numerous cryptococcal cells with distinct capsules (1)
located among epithelial (3) and leukocytic (2) cells; Romanowsky-Giemsa stain

Fig. 3. Macrophages (1) phagocytizing Cryptococcus cells appearing as round encapsulated forms (a, b):
fine-needle biopsy of nasal mucosa; Romanowsky-Giemsa stain

Thus, the application of cytological and histological diagnostic
methods revealed numerous encapsulated yeast cells in the affected
tissues that exhibited a positive PAS reaction and pleomorphic bud-
ding forms, enabling a definitive diagnosis of cryptococcosis.

Discussion

Retrospective studies conducted in various countries indicate that
the most common clinical form of cryptococcosis in cats is the nasal
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form, which is characterized by chronic, localized involvement of the
soft tissues of the nasal cavity and skin, sometimes with extension to
cartilage, bone tissue, and the submandibular lymph nodes (Malik
etal,, 1992; O’Brien et al., 2004; McGill et al., 2009). Clinically, this
presents as swelling of the nasal and facial areas, deep ulcerative lesi-
ons with exudation, unilateral serous, mucopurulent, or hemorrhagic
discharge, dyspnea, sneezing, and stertor. In some cases, nasopharyn-
geal granulomas mimicking polyps or tumors have been described
(Malik et al., 1997; McEwan & Sykes, 2022). Additionally, other au-
thors have reported proliferative and ulcerative lesions of the oral ca-
vity and pharynx, as well as cases of otitis media and interna in cats
with cryptococcosis (Beatty et al., 2000; Paulin et al., 2013; Nunes
Rodrigues et al., 2020).

Clinical manifestations of cryptococcosis largely depend on the
localization of the infection. Several clinical forms are therefore dis-
tinguished: nasal, neurological (which may develop as a complication
of the nasal form or independently), cutaneous, and systemic. A chro-
nic progressive course is typical of this disease; however, in cases in-
volving the central nervous system or respiratory organs with associa-
ted pleural effusion, an acute course is also possible. According to fin-
dings (Vercelli et al., 2021), central nervous system involvement may
lead to sudden blindness due to optic neuritis, seizures, and behavioral
changes, which were observed in approximately one-third of the stu-
died cats. In some cases, granulomatous encephalomyelitis also deve-
lops with mono- or multifocal lesions (Belluco et al., 2008; Sykes
etal., 2010; Jacobson et al., 2022; Huang et al., 2023).

Fig. 4. Focal perivascular (1) lymphocytic—plasmacytic infiltration (a), vessels (2)
and intensive (b) cryptococcal invasion (3); hematoxylin and eosin stain

Fig. 5. Lesion around the nasal wing in a cat: a, b — massive diffuse proliferation of yeast cells;
¢, d — Cryptococcus spp. yeast cells with thick mucoid capsules; PAS reaction
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Fig. 7. Yeast cells (a, b) stained by Grocott’s methenamine silver method:
pleomorphic round and oval cryptococcal forms in the budding stage (indicated by circles)

The cutaneous form of cryptococcosis in cats and dogs, as repor-
ted by researchers (Myers et al., 2017; Nunes Rodrigues et al., 2020),
is characterized by solitary or multiple lesions, where solitary foci re-
present direct inoculation, and multiple lesions result from hematoge-
nous dissemination of infection. Our findings in cats were consistent
with those of other authors, who observed the formation of small, pre-
dominantly alopecic, non-painful, and unilateral nodules on the skin.

Lower respiratory tract disease is often associated with the nasal
form but may also occur independently, manifesting as pulmonary or
mediastinal involvement. Clinically and radiographically, this may pre-
sent with pleural effusion, though less commonly without it (Evans
etal., 2018). In 2019, Newman & Schaible described a case of chro-
nic lipoid pneumonia treated by lobectomy, with histopathological
examination confirming a final diagnosis of cryptococcosis (Newman
& Schaible, 2019).

Nodular lesions of the oral mucosa in cats with cryptococcosis
have also been reported by other authors (Ferrari et al., 2023), while ab-
dominal involvement with peritonitis was documented in a 13-year-old
Ragdoll cat with chronic rhinitis and negative FIV and FeLV test re-
sults (Johnston et al., 2021; Teh et al., 2024). Post-mortem examina-
tion revealed generalized involvement of the thoracic organs (lungs,
trachea, heart) and the central nervous system (Teh et al., 2024).

The role of immune status in the development of cryptococcosis
remains controversial. Some studies have demonstrated a higher pre-
valence of infection in cats infected with FeLV or FIV (Gerds-Gro-
gan & Dayrell-Hart, 1997; Jacobs et al., 1997), whereas other authors
did not confirm this association (Malik et al., 1992; O’Brien et al.,

2004, 2006; Norris et al., 2007; Sykes et al., 2010). Cats with FIV-
cryptococcosis co-infection in certain studies did not have a poor pro-
gnosis, and several animals achieved full recovery (Graham et al.,
2011; Trivedi et al., 2011). Although concurrent immunosuppressive
conditions or opportunistic infections may influence the clinical cour-
se of the disease, the role of weakened immune response in pathogen-
esis remains debatable.

Thus, according to most researchers, cryptococcosis in cats pre-
dominantly presents in the nasal form, however, the clinical picture
may vary from cutaneous and neurological manifestations to a syste-
mic, generalized process. Although immune status may affect disease
severity, the infection can also occur in clinically healthy cats without
concurrent immunosuppressive conditions. Exceptionally rare locali-
zations, such as in the abdominal or oral cavities, indicate the patho-
gen’s ability for systemic dissemination and involvement of various
organs. These findings highlight the importance of timely diagnosis and
a comprehensive clinical approach that includes cytological, micro-
biological, and histopathological evaluation to accurately identify the
cause of the disease and determine the optimal treatment strategy.

Conclusion

Timely cytological and histopathological examinations made it
possible to confirm cases of cryptococcosis in cats, indicating the
spread of this disease within the domestic animal population in Ukrai-
ne. During the diagnosis of fungal infections involving the nasal mu-
cosa and perinasal skin, it is advisable to include cryptococcosis in the
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differential diagnosis, particularly in cats, which represent a potential
risk group. The obtained results may be used to clarify the epizootic
situation and contribute to the development of effective approaches
for early diagnosis and treatment.

Cryptococcosis in cats differs from other yeast mycoses by the
presence of encapsulated Cryptococcus spp. cells, whose capsule,
when stained with the PAS reaction, acquires an intense pink colorati-
on, does not form mycelium and reproduces by budding. Cryptococ-
cus species are also capable of producing localized skin lesions in a
systemic way, while affecting the mucosa of the upper respiratory
tract, lungs, and central nervous system. Molecular genetic methods
are used for accurate species identification of Cryptococcus spp.

None of the authors have any personal or financial relationships with individu-
als or organizations that could inappropriately influence the content of this
publication.
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