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The etiology of a number of retinopathies, such as acute zonal occult outer retinopathy (AZOOR), remains
undetermined. Candida famata was isolated from conjunctival exudates of a patient diagnosed with AZOOR.
This yeast was very abundant, particularly in the more affected eye, while no other pathogens or fungal species
were in evidence. Immunological tests revealed the presence of antigen-specific T lymphocytes by using C.
Jamata as a challenge. Moreover, enzyme-linked immunosorbent assay analysis showed the presence of specific
antibodies against this yeast in the patient’s blood. Delayed hypersensitivity by use of a skin test was also
positive. Finally, antifungal treatments led to improvements in several clinical symptoms, including fundus-
copic analysis. However, despite prolonged treatment with fluconazole and itraconazole, C. famata still ap-
peared in the conjunctival exudates. The new antifungal voriconazole may represent a better choice for

treatment.

Yeasts can cause a number of diseases ranging from local-
ized mild infections to deep-seated candidiasis (8, 34). In fact,
candidiasis is the most common fungal infection in humans.
About 12 to 14 Candida species have been implicated in hu-
man infections, with Candida albicans being the most prevalent
among the yeast isolates (26, 36). Predisposing factors for
candidiasis include prolonged antibiotic treatment, the pres-
ence of an indwelling intravenous catheter, intravenous drug
use, and severe immunosuppression (2, 7). Different Candida
species are part of the natural microbiota and, thus, are com-
mensal organisms in humans (23). This is the case for Candida
famata (also known as Debaryomyces hansenii and Torulopsis
candida), which is usually found in some foods, including dairy
products (3, 11). It was thought that C. famata was nonpatho-
genic for humans. However, a number of clinical cases in which
this yeast was isolated have been reported (25, 46), including
ocular endophthalmitis (40) and central nervous system (CNS)
infection (39). In addition, different surveys of fungemia in
humans have revealed that C. famata is responsible for about
0.2 to 2% of the total cases (1, 24, 35).

Systemic mycoses represent a health threat for at least two
main reasons. The first is the relatively limited number of
antifungal agents available for systemic use (4). Intravenous
amphotericin B does not reach the nervous system well, while
some yeast species are resistant to antifungals, such as itracon-
azole and fluconazole (33, 45, 52). Other oral compounds, such
as nystatin and miconazole, are poorly absorbed by the intes-
tinal tract. New antifungals, such as voriconazole and posacon-
azole, which exhibit greater efficacy against Candida spp.,
would be more effective than fluconazole or itraconazole
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against systemic candidiasis (15, 31, 35, 41, 42). The second
threat results from the failure to promptly detect a number of
fungal species different from the classical fungal species C.
albicans, Aspergillus, etc. An example of this is given in the
present report, which describes an immunocompetent, other-
wise healthy male afflicted by a retinopathy of an as yet un-
known etiology. The present findings indicate that this patient
was infected with C. famata.

A number of retinopathies present as white dots or whitish
material of still undefined composition in the retina (5, 27).
The typical retinopathy that belongs to this group is the mul-
tiple evanescent white dot syndrome (MEWDS) (22, 30, 48,
50). Closely related to MEWDS is acute zonal occult outer
retinopathy (AZOOR) (12, 16, 20, 28, 44). This disease is
characterized by a rapid loss of the visual field in the presence
of an almost normal funduscopic analysis (14). Both diseases
have also been related to other retina dysfunctions, such as
multifoccal choroiditis, punctate inner choroidopathy, acute
macular retinopathy, and acute idiopathic blind spot enlarge-
ment (5, 6, 21, 49, 51). Some of these diseases have been
associated with Histoplasma infection (9). The etiologies of all
these retinopathies remain undetermined thus far.

CASE REPORT

A Caucasian male (age, 47 years) was diagnosed with
AZOOR in 1996. Briefly, the patient started to have vision
problems in 1994, characterized by a rapid loss of peripheral
vision in the left eye that progressed to both eyes in the next
few years. In 1996 funduscopic analysis was almost normal,
while the electroretinogram presented clear pathological signs.
Extraocular and intraocular motilities and anterior chamber
and intraocular pressures were in the normal ranges. As the
disease progressed, in 1998 the fluorescein angiogram became
more hyperfluoresceinemic, which is also a characteristic of
AZOOR in some patients. Besides, the indocyanine angiogram
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showed a mild captation of the dye around the peripapillary
region, particularly in the later stages of this angiography.

Apart from these findings, the patient was healthy and the
analytical blood test results, as well as the roentgenograms and
nuclear magnetic resonance images, were normal. Although
during the early years of the description of AZOOR it was
thought to be an immune dysfunction, the different immuno-
logical parameters for the patient were within normal limits in
1996. The values obtained for C-reactive protein, rheumatoid
factor, antibodies against nuclear antigens or against native
DNA, soluble interleukin-2 receptor, antibodies against cardi-
olipin, the hemolytic activity of complement (C3 and C4), and
angiotensin-converting enzyme were normal. The proportions
of the different lymphocytic populations in peripheral blood
were as follows: CD3, 76%; CD4, 30%; CD8, 44%; and CD9,
9%. Although there was a slight decrease in the CD4/CD8
ratio, the values for total CD4 lymphocytes were normal.
Moreover, specific autoantibodies against the retina were ab-
sent, as tested by immunofluorescence analyses.

MATERIALS AND METHODS

Yeast growth. The yeast was grown in YEPD medium (1% yeast extract, 2%
peptone, 2% glucose) by incubation at 30°C. The same medium containing agar
was used to isolate individual yeast colonies. The identification of the yeast
species was carried out by standard biochemical and morphological techniques
(54). In addition, yeast identification was performed by PCR, followed by se-
quencing of the amplified products.

To determine the MICs, the different antifungal compounds tested were ini-
tially dissolved in dimethyl sulfoxide and further dilutions were made in RPMI
medium (Sigma Chemical Co., St. Louis, Mo.). Different concentrations of each
antifungal were added to a 96-well plate in 200 wl of RPMI medium buffered to
pH 7.0 with morpholinepropanesulfonic acid (Sigma). The C. famata inoculum
was adjusted to a concentration of 0.5 X 10° to 2 X 10> CFU/ml. After incubation
at 30°C, the turbidity was estimated by visual reading at 24 and 48 h of incuba-
tion. The MIC was defined as the lowest concentration of drug that produced a
prominent decrease in turbidity compared with that of the drug-free control.

Immunofluorescence and electron microscopy. Yeast cells were placed onto
glass coverslips. The cells were washed with phosphate-buffered saline (PBS),
fixed with 4% paraformaldehyde for 10 min, and permeabilized with methanol
(—20°C) for 2 min. The cells were washed twice in PBS and treated with rabbit
anti-C. famata polyclonal antiserum at room temperature for 1 h. Then, goat
anti-rabbit immunoglobulin G conjugated to fluorescein antibody was added.
The samples were incubated at room temperature for another hour. The cells
were then washed, and coverslips were mounted onto the slide with a drop of
Mowiol solution. Finally, the cells were observed under a fluorescence micro-
scope. For the ultrastructural analysis of the yeast, we followed the electron
microscopy protocol described elsewhere (53), with a few modifications: the cells
were fixed for 2 h at room temperature in 2% glutaraldehyde—1% tannic acid in
0.1 M cacodylate buffer (pH 6.8) and were finally embedded in LR white resin
(London Resin Co., Ltd.). After postfixation, thin sections were obtained and
stained with uranyl acetate and lead citrate. The samples were analyzed with a
JEOL 1010 electron microscope.

PCR analysis. DNA was extracted from the conjunctival exudates by standard
procedures (43). The DNA preparations were incubated with oligonucleotides
that hybridize to the rRNA genes (29, 32). The oligonucleotides used were
5'-CGTAATGATTAATAG-3" and 5'-CGTGCGGCCAAGAAC-3'. The ampli-
fied product was analyzed by agarose gel electrophoresis.

T-cell proliferation. Human mononuclear cells were obtained from heparin-
ized venous blood by Ficoll-Hypaque (Pharmacia Fine Chemicals, Uppsala,
Sweden) centrifugation. The layer containing mononuclear cells was taken, and
the cells were washed thoroughly by centrifugation in Dulbecco’s modified Eagle
medium (DMEM) and were finally resuspended in DMEM-2% fetal calf serum
(FCS). The T cells were further purified by passing the nonadherent population
through a nylon-fiber and wool column, as described previously (38). The purity
of this population (detected by flow cytometry) was always greater than 95%
CD3" cells. Purified T cells (10®ml in DMEM containing 10% FCS) were
seeded in 96-well U-bottom microtiter plates (10°/100 pl/well) and stimulated
with 1 ug of phytohemagglutinin per ml or with different concentrations of
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lyophilized C. famata cells. The cultures were incubated for 72 h at 37°C, and cell
proliferation was evaluated by measurement of the level of incorporation of
[*H]thymidine (Perkin-Elmer Life Science Products, Boston, Mass.) into DNA
during the last 16 h of culture.

ELISA analyses. A C. famata cell suspension was diluted in PBS and seeded
in enzyme-linked immunosorbent assay (ELISA) microtiter plates (Maxisorp;
Nunc) in a final volume of 100 pl. The plates were incubated overnight at 4°C.
Blocking was carried out in PBS containing 3% low-fat dry milk and 0.2% Tween
20 for 1 h at room temperature. Serum from the AZOOR patient and serum
from an anonymous donor, used as a T-cell control, were added at different
dilutions in PBS-1% low-fat dry milk-0.05% Tween 20 for 10 min and subse-
quently incubated with goat anti-human immunoglobulin G (heavy and light
chains) horseradish peroxidase-conjugated antibodies (Pierce) for 1 h at room
temperature and washed five times. Color development was accomplished by
incubation with o-phenylenediamine (Sigma) for 30 min and was measured at
450 nm in a microplate reader (EL340; BIO-TEK Instruments).

RESULTS

Isolation and identification of C. famata. From 1994 to
1999 a number of attempts were made to identify an infectious
agent both by blood tests for antibodies and by direct isolation
from the conjunctival exudate. The patient’s serum was nega-
tive for antibodies to the following agents: varicella-zoster vi-
rus, Epstein-Barr virus, human herpesvirus 6, parvovirus, cox-
sackievirus, human immunodeficiency virus, human T-cell
leukemia virus types 1 and 2, hepatitis B virus, hepatitis C
virus, Mycoplasma pneumoniae, Chlamydia trachomatis, C.
psittaci, C. pneumoniae, Rickettsia conorii, Borrelia burgdorferi,
and Treponema spp. Some increase in the levels of antibodies
against cytomegalovirus was found. No viruses or bacteria
apart from the normal flora were detected. Notably, however,
in September 1999 C. famata readily grew from the conjunc-
tival exudates when the exudates were placed in yeast growth
medium. The results of immunofluorescence analysis for com-
parison of the isolate with a C. famata isolate obtained from a
type culture collection is shown in Fig. 1A and B. Direct ex-
amination of the exudates by transmission electron microscopy
showed the presence of significant amounts of yeast cells (Fig.
1C). Moreover, PCR analyses of the exudates collected from
1999 revealed the amplification of a distinct fragment that once
again gave evidence of the presence of a yeast (Fig. 2A). This
finding prompted us to test different serum samples stored at
—20°C for the presence of yeast DNA. PCR analysis of these
sera obtained at different dates revealed that C. famata DNA
was present in the patient’s blood in 1997 (Fig. 2B). Amplifi-
cation followed by sequencing showed no yeast species other
than C. famata.

Immunological tests. In October 1999, white cells were ob-
tained from fresh blood by use of Ficoll gradients. The level of
phytohemagglutinin stimulation of the patient’s lymphocytes
was lower than that of control lymphocytes from the anony-
mous donor (Fig. 3A). The stimulation of lymphocytes by son-
icated C. famata cells above control values indicated the pres-
ence of antigen-specific T lymphocytes (Fig. 3B). The presence
of specific antibodies against C. famata was revealed by an
ELISA (Fig. 3C). These antibodies did not cross-react with a
number of yeast species analyzed (Fig. 3D). Sera from different
volunteers did not react with C. famata (data not shown).

Finally, in October 1999, a delayed hypersensitivity assay was
carried out on the patient’s skin. After 24 h, a clear positive
reaction appeared when the preparation of C. famata was
applied (Fig. 4A). Apart from this yeast species, positive reac-
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FIG. 1. Morphological analyses of yeast cells. Comparison of C.
famata from the conjunctival exudate (A) with the type culture isolate
(B) by immunofluorescence analysis. Immunofluorescence was carried
out as described in Materials and Methods. (C) Electron microscopy of
yeast cells present in the conjunctival exudates in September 1999. The
exudate was placed in PBS and centrifuged. The pellet was processed
for electron microscopy. Bar, 200 nm.

tions to several other fungi were detected, as indicated in Fig.
4B. The patient’s skin was the most reactive to C. albicans,
while no reaction to Saccharomyces cerevisiae was detected.
Together, these data reflect a generalized immune response of
the patient to the yeast C. famata.

Antifungal treatments. Since C. famata was isolated and the
immunological results pointed to infection with this organism,
antifungal treatment was started in November 1999. Initially,
fluconazole (200 mg daily for 1 month) and then itraconazole
(100 mg daily for 3 months) were administered orally. These
treatments improved some of the clinical symptoms, including
photophobia and the retarded pupillary reflex, and the findings
on funduscopic analysis were better. Since the patient’s vision
itself did not improve after the treatment and C. famata was
still abundant in the conjunctival exudates, the two antifungals
mentioned above were administered for different periods over
the next 2 years. Our analysis showed that the MICs of flucon-
azole and itraconazole for the initial isolate were 60 and 30
wg/ml, respectively. These values indicate that the sensitivity of
the yeast isolate to these two compounds was poor (24, 36, 37).
Perhaps this was reflected by the poor response to treatment
with these two antifungal compounds, since PCR analyses
demonstrated the continuous presence of C. famata in the
exudates. However, the infection probably diminished to some
extent, considering the improvement in the patient’s symp-
toms. Voriconazole was then approved for clinical use and
represented a better choice for the treatment of this infection,
as this compound is much more effective against C. famata
(MIC, 0.5 wg/ml) (31, 35, 42). Therefore, this treatment was
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FIG. 2. PCR assays. (A) PCR of different conjunctival exudate
samples. DNA extracted from the exudates was analyzed by PCR, as
indicated in Materials and Methods. (B) PCR analysis of different
blood serum samples. A total of 200 pl of blood serum obtained from
the patient on the dates indicated above the lanes was used for the
extraction of total DNA. PCR assays were carried out with oligonu-
cleotides that amplify a region of the rRNA internal transcribed spacer
genes. Control 1, positive control consisting of DNA extracted from C.
famata; control 2, negative PCR control without DNA; control 3,
negative control of DNA extraction consisting of phosphate buffer.
The numbers to the left of each gel are in base units.

implemented in May 2003. The oral administration of voricon-
azole (150 mg every 12 h) led to a huge increase in photopsias
within 1 h after intake. This suggests that whatever was present
in the retina responded to voriconazole within minutes. How-
ever, this treatment was discontinued after 3 months due to
hepatotoxicity problems. In summary, the antifungal com-
pounds improved the patient’s clinical symptoms, although it
must be kept in mind that some fungal ocular infections are
difficult to treat (18). Clinical trials are urged to establish both
the most efficacious compound and the dosage for the treat-
ment of these infections.

DISCUSSION

Despite efforts during the last few years to elucidate the
cause of AZOOR, this has not been achieved. The suggestion
that AZOOR is an autoimmune disorder has not been sub-
stantiated by experimental evidence. In fact, patients have
been negative for the presence of autoantibodies, including the
patient described in this report, when they have been analyzed
for these antibodies. Epstein-Barr virus has been implicated in
multifocal choroiditis (47). The possibility that an undefined
virus infection provokes AZOOR has also been suggested (13).
However, no report of the isolation of a virus related to this
disease has ever been published. The infectious character of
this retinopathy was suspected soon after its description (14).
In this report we describe a single case of AZOOR in a patient
infected with C. famata. Additional patients should be inves-
tigated to establish a cause-effect relationship between fungal
infection and AZOOR. Nevertheless, the present findings
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FIG. 3. T-cell proliferation and C. famata antibodies. (A) T cells from the patient described in this report (bar A) and from an anonymous
donor (bar B) were obtained in October 1999, as indicated in Materials and Methods. The T cells obtained were incubated with (black bars) or
without (empty bars) phytohemagglutinin. (B) T cells from the patient (black bars) or from the donor (empty bars) were incubated with different
dilutions of a preparation of C. famata, as indicated. Data are presented as stimulation (st.) indices, defined as follows: counts per minute of
[H3]thymidine obtained in the presence of mitogen or antigen divided by the basal counts per minute in their absence. (C) ELISA analysis of the
antiserum obtained in October 1999 from the patient (black bars) and an anonymous donor (empty bars). The assay was carried out as described
in Materials and Methods. (D) Results of the ELISA of the patient serum used at different dilutions (bars A, 1:100; bars B, 1:200; bars C, 1:400)
in the anterior panel for activity against different yeast species. C.f., C. famata; C.a., C. albicans; C.g., Candida glabrata; C.p., Candida parapsilosis;
S.c., Saccharomyces cerevisiae; R.m., Rhodotorula mucilaginosa; C.s., Cryptococcus saitol.

open the possibility that a fungal infection may be the cause of
this affliction. This idea is consistent with the available evi-
dence that we have about the characteristics of AZOOR. In-
deed, some clinical similarities with histoplasmosis syndrome,

FIG. 4. Delayed hypersensitivity test. (A) C. famata was autoclaved
and lyophilized before it was mixed with petrolatum under sterile
conditions. Petrolatum alone (lane 1) or petrolatum mixed with 0.2 g
of C. famata per ml (lane 2) or 0.5 g of C. famata per ml (lane 3) was
applied to the patient’s skin in October 1999. The photograph was
taken 24 h later. (B) Different fungal cells were obtained and mixed
with petrolatum at 0.5 g/ml. The different preparations were applied to
the patient’s skin, and hypersensitivity was observed 24 h after appli-
cation. Candida paraps, Candida parapsilosis.

another fungal infection, were noted in the retina (9, 17). The
evolution of AZOOR over the course of years with several
recurrences, depending on the patient (14), is consistent with
the progress of some fungal infections, since fungi usually grow
slowly compared to the rates of growth of some bacteria and
viruses, and the infections are recurrent. Chronicity and the
recurrence of MEWDS have also been pointed out (48). Some
fungal infections are insidious and difficult to diagnose. Ocular
infections caused by C. albicans are easily identified by oph-
thalmologic examination, but this may not be the case with
other less inflammatory yeast infections. A number of differ-
ences exist, depending on the yeast species. For instance, C.
albicans is pathogenic and generates clear inflammatory signs,
while C. famata possesses anti-inflammatory properties (10).
This may explain, at least in part, the elusive nature of this
infection.

Other characteristics of AZOOR also fit well with the idea
that it has a fungal etiology. For instance, in addition to the
pale, white aspect of the eye fundus, the retention of fluores-
cein may also reflect the presence of fungal cells or mucous
material at the retina and choroidal vessels. Another point of
interest is that C. famata may provoke infection of the CNS
(39). This may explain why the CNS was also implicated in one
case of AZOOR (19).

The isolation of C. famata from the conjunctival exudates
and the blood serum of the patient may be directly related to
AZOOR or may represent a secondary infection due to an as
yet unidentified immunological disorder. Several results are
consistent with a direct connection between AZOOR and C.
famata infection in the patient described in this report. One of
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them is that the yeast was more abundant in the exudate from
the left eye, which was more affected. Another piece of evi-
dence was the response to antifungal treatments, as discussed
below. The recalcitrant nature of fungal infections when they
are treated by chemotherapy may explain why the yeast was
still present at the conjunctiva even after prolonged treatment.

Little is known about the immune response provoked by
non-C. albicans species. The present findings indicate that
there was an immune response against C. famata in this
AZOOR patient. This was shown both by the increased anti-
body titer and by the presence of antigen-specific T lympho-
cytes. Certainly, the immune system of the patient responded
to C. famata.

No clear positive effects of corticosteroid treatment were
found in some patients (17), particularly those on a long-term
treatment regimen. This agrees well with the notion of the
infective nature of this disease. The antifungal treatment of the
patient described here certainly brought about improvements
in several clinical symptoms. Thus far, however, the fungus has
not been eradicated from the retina and perhaps other places,
including the conjunctival mucosa. We believe that the infec-
tion described here has diminished through the implementa-
tion of antifungal therapy, but longer and more effective treat-
ments will be necessary. In this sense, contrary to C. albicans,
C. famata is less sensitive to fluconazole and itraconazole, thus
accounting for their only moderate effectiveness. Voriconazole
and, more particularly, posaconazole have greater inhibitory
effects on C. famata, at least under laboratory conditions (35).
The fact that voriconazole enhanced the photopsias at the
retina within minutes after its intake in this patient may reflect
the response of the yeast present there. Notably, this enhance-
ment of photopsias was much more pronounced in the left eye,
which was more affected than the right eye. In conclusion, the
unsuspected possibility that C. famata may be responsible for
AZOOR has obvious repercussions in investigations of the
etiology of other related retinopathies (21).
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