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Summary

An 8-month-old crossbred ewe, normal upon physical examination, was huma-
nely euthanized for tissue collection. After approximately 3 weeks in tissue cul-
ture, fungi began budding out of cells obtained from the choroid plexus. After an
additional 3 weeks, budding was observed in kidney cell cultures and eventually
in monocyte cultures as well. Serum from the lamb was submitted to the Veteri-
nary Diagnostic Laboratory at Colorado State University for fungal diagnosis and
was found negative for Aspergillus, Blastomyces, Coccidioidomycosis and Histoplas-
mosis. DNA was isolated from fungi collected from tissue culture supernatants
and used in a set of pan-fungal PCR assays with DNA from Candida acting as a
positive control. PCR products were sequenced and BLAST analysis performed.
The unknown fungal sequence aligned with 100% identity to Rhodotorula minuta
an emerging opportunistic pathogen. Samples were submitted to The Fungal
Testing Laboratory at The University of Texas Health Science Center at San Anto-
nio for additional validation. We believe this to be the first report of Rhodotorula
fungemia in a sheep in the United States.

The Study

Experimental procedures were approved and performed in
accordance with U.S. Meat Animal Research Center Animal
Care Guidelines and the Guide for Care and Use of Agricul-
tural Animals in Research and Teaching (Federation of
Animal Science Societies, 2010). An 8-month-old, cross-
bred ewe lamb that was normal upon physical examination
was humanely euthanized for tissue collection to develop
cell lines for an ongoing Ovine Progressive Pneumonia
study. Before euthanasia via intravenous infusion of Beu-
thanasia-D Special (Intervet Inc., Merck Animal Health,
Summit, NJ, USA), whole blood was collected via jugular
venipuncture into 60-ml syringes containing EDTA antico-
agulant. After euthanasia, the brain was removed and
choroid plexus harvested. The internal organs appeared
normal upon gross examination, and 1 kidney was
removed. The choroid plexus and kidney were immediately
placed into sterile 50-ml tubes containing ice-cold
phosphate-buffered saline and were transported to the
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laboratory for cell isolation. Monocytes were purified from
whole blood by density gradient centrifugation (Chitko-
McKown et al., 2004), and cell suspensions were obtained
from the choroid plexus and kidney by mincing the tissue
and digestion in 0.25% trypsin (Chitko-McKown and Mac-
neil, 2010). Each tissue-specific cell suspension was placed
in a 75 cm” tissue culture flask in RPMI culture medium
with antibiotic and fungizone, L-glutamine and either 10%
(choroid plexus and kidney fibroblasts) or 5% (monocytes)
foetal bovine serum and was cultured at 37°C, 7% CO, in a
humidified atmosphere. After approximately 3 weeks of
culture, fungi began budding from cells obtained from the
choroid plexus (Fig. 1). After an additional 3 weeks, the
budding was observed in the kidney cell cultures and even-
tually in the monocyte cultures as well (Fig. 2). Fungus was
isolated from the cell cultures by collecting the supernatant
from infected cultures and pelleting the fungus by centrifu-
gation at 1200 g for 15 min at 4°C. Cell monolayers of all
lineages appeared healthy, and after fungi removal and
medium replacement, continued to grow. Because we had
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Fig. 1. Photomicrograph showing organism budding from cultured
choroid plexus cells and floating in the culture medium (20 x ).

Fig. 2. Photomicrograph showing organism budding from cultured
blood monocytes and floating in the culture medium (20 x ).

not previously encountered this fungus when obtaining tis-
sues for primary cell culture, steps were taken to precisely
identify the organism infecting the cells.

Serum from the lamb was submitted to the Colorado
State University Veterinary Diagnostic Laboratory for fun-
gal diagnosis and was found negative for Aspergillosis, Blas-
tomycosis, Coccidioidomycosis and Histoplasmosis by
agarose gel immunodiffusion (AGID) assay. Subsequently,
DNA was isolated from fungi collected from tissue culture
supernatants (ArchivePure DNA Yeast & Gram+ Kit; 5
Prime, Inc., Gaithersburg, MD, USA) and used in PCR
assays for a variety of fungal pathogens (Guedes et al.,
2003; Lau et al.,, 2007) with DNA from Candida albicans
acting as a positive control. The PCR products were
sequenced and BLAST analysis performed. Fungal samples
obtained from the choroid plexus cultures were simulta-
neously submitted to The Fungal Testing Laboratory at The
University of Texas Health Science Center at San Antonio
for identification.
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Results

Amplification of fungal DNA using Histoplasma-specific
primers (Bracca et al., 2003; Guedes et al., 2003) was nega-
tive. However, when the product of a panfungal PCR assay
that targets the internal transcribed spacer (ITS1) region of
the ribosomal DNA cluster (Lau et al., 2007) was
sequenced, the unknown fungal sequence aligned with
100% identity to Rhodotorula minuta. Results from the
Fungal Testing Laboratory verified this identification.

Discussion

Rhodotorula sp. are emerging opportunistic pathogens, par-
ticularly in immunocompromised patients (Diekema et al.,
2005; Tuon and Costa, 2008; Krzysciak and Macura, 2010;
Wirth and Goldani, 2012). They have a long-oval shape,
are arranged in pairs and appear pink, shiny and smooth
on agar (National Collection of Yeast Cultures; http://
www.ncyc.co.uk/yeast-ncyc-931.html). They have been
found in the atmosphere in Japan, human sputum in the
Netherlands and Germany, human throat swabs in Norway
and Hungary, sea-water off Florida and Sweden, shrimp off
the coast of Texas, a decaying human tooth in South Africa,
a mycotic nodule in a white rat, oat leaves and the gut of a
sheep in France (CBS-KNAW Fungal Biodiversity Centre;
http://www.cbs.knaw.nl/collections/BioloMICS.aspx). In a
review of 128 human Rhodotorula cases (Tuon and Costa,
2008), 79% were fungemia, 7% were eye infections and 5%
were peritonitis. The most common isolated risk factor
associated with infection was use of a central venous cathe-
ter, and overall mortality was 12.6%. Rhodotorula has also
been found to cause meningitis (Gyaurgieva et al., 1996;
Sundaram et al., 2006). There have been reports of Rhodo-
torula infection resolving without the use of antifungal
treatment, which may suggest low virulence in immuno-
competent individuals (Tuon and Costa, 2008). A recent
review by Wirth and Goldani (2012) lists reports of skin
infections in chickens, and a lung infection in sheep caused
by R. mucilaginosa. Infection with Rhodotorula spp. was
also reported in a sea lion, cats, cattle, ostriches, birds,
monkeys and camels (Wirth and Goldani, 2012).

The evidence for infection in this case did not appear to
be coincidental. The ewe in our study was normal upon
gross examination. Budding yeast was not noticeable in cell
cultures until approximately 3 weeks after isolation, indi-
cating a low level of undetected infection. The presence of
R. minuta in our cell cultures was not caused by contami-
nated medium because the same medium was used in
multiple cell cultures from other animals that did not
become infected. These included bovine monocyte-derived
macrophages cultured in the medium containing 5% FBS,
and an ovine kidney cell line, LM929 cells, and a porcine
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monocyte-derived macrophage cell line cultured in the
medium containing 10% FBS. All cultures were maintained
in vented cap 25 or 75 cm® flasks. If the contamination was
present in the necropsy facility, it should not have occurred
in the blood cell cultures because blood was collected asep-
tically into sterile syringes. If the ewe had not been eutha-
nized, it is possible that this infection would have gone
unnoticed and possibly resolved as described above in some
human cases. However, it is also possible that the infection
may have spread and caused severe illness. We believe this
to be the first report of Rhodotorula fungemia in a sheep in
the United States. Infection with Rhodotorula spp. may be
more widespread than recognized and the relationship of
infection, immunosuppression and disease is critical in
understanding emerging Rhodotorula infections.
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