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e Zootecnia, Universidade de S~ao
Paulo, S~ao Paulo, Brazil
2Instituto de Ciências Biomédicas,
Departamento de Microbiologia,
Universidade de S~ao Paulo, S~ao
Paulo, SP, Brazil
*Corresponding author. Departamento d
dade de Medicina Veterinária e Zootecn
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This study was designed to compare cutaneous mycoflora isolation and
CD4þ:CD8þ ratio in feline immunodeficiency virus (FIV)-infected cats with that
in FIV-uninfected cats. Sixty cats were examined. Twenty-five were FIV-infected
cats and 35 were FIV-uninfected cats. All 60 cats were FeLV-negative. Fungi were
speciated and immunophenotyping of peripheral CD4þ and CD8þ T
lymphocytes was performed. At least one fungal colony was isolated from 22/25
(88%) FIV-infected cats. Among the FIV-uninfected cats fungal colonies were
recovered from 13/35 (37%) specimens. Dermatophytes were recovered from
2/25 (8%) FIV-infected cats (one Microsporum gypseum, one Microsporum canis)
and 3/35 (8.5%) FIV-uninfected cats (M gypseum). Malassezia species was the
most commonly isolated organism from both groups of cats (51.6%). Malassezia
species was more commonly isolated from FIV-infected cats than FIV-uninfected
cats (84% vs 28.6%). The CD4þ to CD8þ lymphocyte ratio for FIV-infected cats
was significantly lower than the CD4þ to CD8þ ratio in the FIV-uninfected cats.
The CD4þ to CD8þ lymphocyte ratio for FIV-infected cats with cutaneous
overall fungal isolation was significantly lower than the CD4:CD8 lymphocyte
ratio in the FIV-infected cats but without cutaneous fungal isolation. We can
conclude that immunologic depletion due to retroviral infection might represent
a risk factor to cutaneous fungal colonization in cats.
Date accepted: 20 December 2009 � 2010 ISFM and AAFP. Published by Elsevier Ltd. All rights reserved.
F
eline immunodeficiency virus (FIV) is a lentivi-
rus that infects domestic and feral cat popula-
tions worldwide. Infected cats exhibit similar

disease patterns as human immunodeficiency virus
(HIV) infected patients, thus the cat represents an
excellent comparative model for studying mainly the
immunopathogenesis of HIV infection. Both FIV and
HIV are associated with progressive immune suppres-
sion eventually leading to the development of AIDS.
FIV and HIV are characterized by a gradual decline
in CD4þ T lymphocytes and increased susceptibility
to opportunistic pathogens.1e3
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Superficial mycotic infections are common in
patients infected with HIV. In communities where
HIV infections are frequent, some of these dermato-
logical presentations serve as markers of the stage of
HIV infection4 Preliminary studies have demonstrated
that cats infected with FIV harbor a great diversity of
fungi on skin and mucosae than non-infected cats.5,6

The purpose of the present study was to compare
cutaneous mycoflora isolation and CD4þ to CD8þ
lymphocytes ratio in FIV-infected cats with that in
FIV-uninfected cats.

Sixty client-owned cats were examined. The owner’s
written consent was obtained for inclusion of the cat in
the study. Twenty-nine cats were females and 31 were
males. Cats ranged in age from 6 months to 14 years,
with mean age of 4.8 years. All cats were domestic
shorthairs. None of the 60 cats had clinical dermato-
logic problems at the moment of specimen collection.
d AAFP. Published by Elsevier Ltd. All rights reserved.
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All the 60 cats were tested for retroviruses with
a commercially available enzyme-linked immunosorbent
assay (ELISA) test kit (Snap FIV antibody/FeLV
antigens combo, Idexx Laboratories, Westbrook,
ME, USA), using serum or plasma, according to
the manufacturer’s instructions. Based on serological
testing results, cats were grouped in FIV-infected
and FIV-uninfected. They were matched as closely
as possible for age, sex, breed and lifestyle. All the
60 cats were from single cat households.

Cutaneous specimens were obtained from the cat
coat by rubbing the entire coat with a sterile piece of
carpet.7

Culture was performed using Sabouraud’s dextrose
agar with 0.05% chloramphenicol (Chloramphenicol,
Sigma Chemical Co, St Louis, MO, USA) and 0.4%
cycloheximide (Chloramphenicol, Sigma Chemical
Co, St Louis, MO, USA). Plates were incubated for 2
days at 27�C and observed daily. Pathogens were
identified by cultural characteristics and
microscopy8,9

An absolute white count was determined by the
automated analyzer (ABC Vet, ABXT’S, France) and
an absolute lymphocyte count, determined by stain-
ing blood films with Rosenfeld stain.10 For the flow
cytometry analysis, 200 ml of whole blood were incu-
bated with FACS lysing solution (Becton Dickinson)
for 15 min. Cells were washed once with FACS buffer
(phosphate buffered saline (PBS) with 2% fetal bovine
serum (FBS) and 0.1% sodium azide) and centrifuged
(500� g) at 4�C for 5 min. The supernatant was
removed, and the pellet was incubated with fluores-
cein isothiocyanate (FITC)-conjugated anti-feline
CD4 (Serotec) or R-phycoerythrin (RPE)-conjugated
anti-feline CD8 (Serotec, UK e www.serotec.co.uk)
at room temperature for 20 min in a dark room.
After the cells were washed three times, the number
of stained cells was determined by counting 30,000
cells on fluorescence-activated cell sorter (FACS,
Becton Dickinson). Lymphocytes were gated based
on their specific forward and side-scatter
characteristics.11

Data were analyzed using commercially available
software (Flow Jo, Flow Cytometer Analysis Software,
Tree Star, OR, USA).

The frequency with which a fungal specimen was
isolated from each group (FIV-infected or -uninfected
Table 1. Total number, sex, age, diversity of cutaneo
client-owned cats.

Total number Age (years) M canis

FIV-infected 25 (16 Mc
and 9 Fs)

3e9 (mean 5.4) 01 (4%)

FIV-uninfected 35 (15 Mc
and 20 Fs)

6 monthse14
(mean 5.1)

0

Mc¼male castrated, Fs¼ female spayed.
cats) was compared by using a Fisher’s exact test.
One-way ANOVA was used to compare CD4þ to
CD8þ lymphocytes ratio and fungal status in both
groups and TukeyeKramer as multiple comparisons
post test. Results are presented as means� standard
deviation (SD) where appropriate. A P value< 0.05
was considered significant.

In the FIV-infected group, 16 (64%) cats were males
and nine (36%) females. Cats from this group ranged
in age from 3 years to 9 years, with mean age of 5.4
years. Among the FIV-uninfected cats, 15 (43%) were
males and 20 (57%) were females. Cats from this
group ranged from 6 months to 14 years, with mean
age of 5.1 years (Table 1). All cats were domestic short-
hairs, neutered and indoor.

Coat fungi were isolated from 35/60 cats (58%). In
one FIV-infected cat were isolated Microsporum canis
and Malassezia species, for the remaining 34 cats a
single fungal colony was isolated.

Fungal colonies were isolated from 22/25 (88%)
FIV-infected cats. Among the FIV-uninfected cats,
fungal colonies were recovered from 13/35 (37%)
specimens. Dermatophytes were recovered from 2/
25 (8%) of FIV-infected cats; these were speciated as
M canis and Microsporum gypseum. Among the FIV-
uninfected cats, M gypseum was isolated from 3/35
(8.5%) cats.

Malassezia species was the most commonly isolated
organism from both groups of cats (51.6%). When
comparing groups, Malassezia species was more com-
monly isolated from FIV-infected cats, compared with
FIV-uninfected cats (84% vs 28.6%) (P< 0.05) (Table 1).

The CD4þ to CD8þ lymphocyte ratio for FIV-in-
fected cats was significantly lower than the CD4þ to
CD8þ ratio in the FIV-uninfected cats (0.328� 0.222
and 1.25� 0.507, respectively; P< 0.01). The CD4þ
to CD8þ ratio for FIV-infected cats with cutaneous
overall fungal isolation was significantly lower than
the CD4þ to CD8þ ratio in the FIV-infected cats but
without cutaneous fungal isolation (0.187� 0.044
and 0.683� 0.085, respectively; P< 0.01). The CD4þ
to CD8þ ratio for FIV-infected cats with Malassezia
species was also lower than CD4þ to CD8þ ratio in
the FIV-infected cats but without Malassezia species
(0.183� 0.047 and 0.617� 0.11, respectively; P< 0.01).

To the authors’ knowledge, this is the first study to
simultaneously examine cutaneous mycoflora and
us fungal genera isolated and CD4/CD8 ratio of 60

M gypseum Malassezia species CD4/CD8 (Mean� SD)

01 (4%) 21 (84%) 0.328� 0.222

3 (8.5%) 10 (28.6%) 1.25� 0.507
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CD4þ to CD8þ lymphocyte ratio in cats naturally
infected with FIV. In previous studies only the coat
and mucosae mycoflora of FIV-infected cats were
evaluated.5,6

In the present study, yeast of the genus Malassezia
species was isolated from coat specimens of 51.6% of
all cats. The highly sensitive method for malassezia
culture used in this study might have contributed to
Malassezia species isolation.9 Malassezia species con-
sists of lipophilic yeasts, which are components of
the cutaneous microflora of many warm-blood ani-
mals including humans, dogs and cats.12 Many of
the Malassezia species have been associated with
various systemic and cutaneous diseases in humans.
Experimental infections with Malassezia species
suggest that certain patients, such as those with sebor-
rheic dermatitis, have a predisposition to this condi-
tion.13 Therefore, other host factors, in addition to
obvious immunosuppression, may be related to the
pathogenesis of this condition.14e16 Malassezia species
yeast infection also represents a clinical concern in
dogs and cats dermatology.17 In cats Malassezia species
overgrowth has been described as a marker of serious,
underlying diseases, such as retrovirus infection and
neoplasia.18 Recently, Malassezia species overgrowth
was described in cats with allergic dermatitis and
may represent a secondary cutaneous problem in
allergic cats.19

In the present study, the CD4þ to CD8þ lympho-
cyte ratio for FIV-infected cats was significantly lower
than the CD4þ to CD8þ ratio in the FIV-uninfected
cats, as previously related.3,20e23 In addition, the
CD4þ to CD8þ ratio for FIV-infected cats with cutane-
ous Malassezia species isolation was significantly
lower than the CD4þ to CD8þ ratio in the FIV-
infected cats but without cutaneous fungal isolation.
Considering that the response of the host to the yeast
includes non-specific defense mechanisms as well as
cell-mediated defense mechanisms, the immunity dis-
ruption induced in the FIV-infected cats may underlie
yeast colonization. This hypothesis is supported by an
observed lower CD4:CD8 in FIV-infected cats with
positive fungal culture.

Malassezia species dermatitis is rarely diagnosed in
cats and is frequently associated to other dermatologic
problems such as atopic dermatitis and food reac-
tion.17,19 In this study, none of the 31 cats with Malas-
sezia species colonization had any skin lesions which
lead us to suggest that Malassezia species solely does
not cause dermatitis even in FIV-infected cats. How-
ever, once any other underling skin problem is pres-
ent, Malassezia species may overgrow and dermatitis
can occur. Due to the fact that Malassezia species colo-
nization was a common finding in the FIV-infected
cats, it shall be considered that FIV-infected cats may
have higher risk to develop Malassezia species derma-
titis than FIV-uninfected cats.

Dermatophytes did not represent a common cutane-
ous pathogen in the present study. M canis and M gyp-
seum were recovered from a small percentage of cats,
two were FIV-infected cats and three were FIV-unin-
fected cats. The FIV-infected cat from which M canis
and Malassezia species was recovered had the lowest
CD4þ to CD8þ lymphocyte ratio (0.106). The reason
for a low detection of dermatophytes in the present re-
port is not clear. Lack of sensitivity is unlikely, as this
study used established methodologies.8 Considering
that only domestic shorthair cats were used, it is possi-
ble this population represents cats with low frequency
of dermatophyte colonization compared to long-haired
cats. Further, single cat households have a lower risk of
dermatophyte transmission.24

Finally, cats in this study were exclusively indoor cats,
representing a population with decreased potential risk
of cutaneous fungal colonization and transmission.24

We can conclude that immunologic dysfunction
due to FIV infection might represent a risk factor to
cutaneous Malassezia species colonization in cats.
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