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A 40-year-old healthy male employed in a bakery presented with a single lung nodule and underwent
investigations to rule out pulmonary carcinoma. Biopsy was positive for yeast cells, which did not match
common fungal pathogens. PCR assay of paraffin-embedded tissue and nucleotide sequencing with ribosomal
ITS1-ITS2 universal primers revealed the presence of Saccharomyces cerevisiae.
No discrete areas of necrosis were noted. Numerous oval-tospherical structures reminiscent of fungal cells were revealed
by hematoxylin-and-eosin staining (Fig. 1A). A silver methenamine stain confirmed that these were fungal cells, variable in
size from 5 to 15 m, mostly extracellular with occasional
budding (Fig. 1B). Since the tissue was not saved for fungal
culture, identification of the cells was first attempted on the
basis of their morphology. The usual pathogenic fungi causing
pulmonary nodular lesions are Histoplasma capsulatum, Blastomyces dermatitidis, Coccidioides immitis, and Cryptococcus
neoformans. The larger size and predominant extracellular location were atypical for H. capsulatum, the absence of broadbased budding ruled out B. dermatitidis, and the absence of a
mucinous capsule ruled out C. neoformans. Also, the size and
morphology were inconsistent with Coccidioides species. Paracoccidiodes brasiliensis was also a consideration because of
travel to South America; however, the morphology was not
supportive. The presence of budding cells ruled out the possibility of Pneumocystis carinii. No other microorganisms were
identified in the lesion.
The specimen was submitted to the Mycology Laboratory at
the Wadsworth Center for further investigations. The lung
tissue block was sliced into thin pieces with a sterile surgical
blade and transferred to a microcentrifuge tube. A 200-l
aliquot of xylene (Sigma, St. Louis, Mo.) was added, mixed by
inversion, heated for 15 min at 37°C, and centrifuged at 14,000
rpm in an Eppendorf model 5415 D centrifuge for 15 min. The
supernatant was removed, a fresh 200-l aliquot of xylene was
added, and the whole step was repeated once. The pellet was
washed twice with 1.0 ml of 100% ethanol for 30 min at 37°C
to remove residual xylene. The ethanol was removed by centrifugation for 15 min, and the tissue pellet was air dried for
DNA extraction. The QIAamp DNA Mini Kit (Qiagen, Valencia, Calif.) was used to extract the DNA from the tissue
pellet in accordance with the manufacturer’s protocol. PCR
was performed with universal primers designed to amplify the
ITS1 region of the fungal ribosomal DNA. The oligonucleotide
sequences were 5⬘-TCCGTAGGTGAACCTGCGG-3⬘ and 5⬘GCTGCGTTCTTCATCGATGC-3⬘ (12). The thermal cycling
conditions were initial denaturation at 95°C for 5 min, followed

Identification of fungal pathogens in histological sections
frequently requires application of specialized stains (6). Many
pathogenic yeasts appear as budding, rounded cells without
any characteristic tissue forms (9). This situation is alleviated
in instances in which the incriminating fungus can be isolated
in culture. However, tissue specimens are not always available
for culture. Recently, the application of PCR and nucleotide
sequencing has been extended for identification of pathogenic
fungi in histological sections. The paraffin-embedded tissue is
used as a source of template DNA for a PCR assay with
universal fungal ribosomal gene primers and/or a nested PCR
assay with pathogen-specific primers, and the amplicons are
then analyzed by restriction fragment length polymorphism
and/or nucleotide sequencing for confirmation of fungal identity (2–5, 8, 11, 13). This approach is very promising in diagnostics, as it could lead to conclusive identification of the
causal pathogen independently of histological or culture observations. We describe a case of a lung nodule in a healthy
male that proved to be histologically negative for suspected
lung carcinoma and instead revealed budding yeast cells, which
were confirmed as Saccharomyces cerevisiae by PCR and nucleotide sequencing.
A 40-year-old healthy male was referred to the surgeon at
Coney Island Hospital for a lung nodule discovered during a
routine chest X-ray done as part of an annual physical examination. The patient was a nonsmoker with no history of any
medical illness. A wedge resection of the lung was performed.
A 0.7-cm-diameter solid grey-tan nodule was present in the
lung parenchyma. The edges of the lesion were sharply demarcated from the surrounding normal lung parenchyma without
any calcification. Histopathologic examination revealed an inflammatory mass composed of a background of fibrotic tissue
with a moderately dense population of inflammatory cells composed of an equal admixture of histiocytes and lymphocytes.
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FIG. 1. Histological examination of lung nodule. (A) Hematoxylinand-eosin staining revealing budding round-to-oval structures in the
midst of inflammatory cells (lymphocytes and plasma cells). Original
magnification, ⫻400. (B) Silver methenamine staining revealing extracellular fungal cells with occasional budding. Original magnification,
⫻400.

by 35 cycles of denaturation at 94°C for 1 min, annealing at
62°C for 30 s, and extension at 72°C for 1 min and a final
extension step of 72°C for 10 min. The same reaction conditions were subsequently used to amplify the ITS1-ITS2 regions
with the primers 5⬘-TCCGTAGGTGAACCTGCGG-3⬘ and
5⬘-TCCTCCGCTTATTGATATGC-3⬘ (12). The DNA template was also used for PCR amplification of the human androgen receptor gene as a control with primers AR-F (5⬘-GC
CTGTTGAACTCTTCTGAGC-3⬘) and AR-R (5⬘-GCTGTG
AAGGTTGCTGTTCCTC-3⬘) (10). The control human DNA
sample was prepared from blood. The PCR products were
electrophoresed on 1.2% agarose gel in Tris-borate-EDTA
buffer. The DNA amplicons were purified from the gel with a
QIAquick gel extraction kit (Qiagen) and sequenced with an
ABI PRISM 377 sequencer and a BigDye terminator cycle
sequencing ready reaction kit (Applied Biosystems, Foster
City, Calif.).
The template DNA was successfully extracted from the par-

affin-embedded lung tissue, and PCRs worked well with both
fungal and human primers (Fig. 2). One prominent DNA band
of approximately 400 bp was obtained with ITS1 universal
fungal primers and not with the control human DNA (lanes 2
and 3), which indicated that only the lung nodule sample had
fungal DNA. The positive bands of approximately 475 bp in
lanes 4 and 5 were obtained with human androgen receptor
primers from both lung nodule DNA and control human DNA,
which indicated that the extracted DNA was comparable in
quality to control human DNA prepared in the laboratory.
Nucleotide sequencing of the DNA amplicon from lane 2 and
homology searches in the GenBank database revealed the
highest homology with the corresponding S. cerevisiae sequences. The subsequent sequencing of the 840-bp ITS1-ITS2
fragment from lung nodule DNA also revealed the highest
homology with S. cerevisiae.
It is reasonable to suggest that the lung nodule in this patient
was caused by inhalation of dry baking yeast powder since the
patient must have been exposed during his work, which involved setting up bakeries in different areas. The patient did
not receive any further treatment after surgery, and additional
blood tests did not reveal any immune dysfunction. The patient
is doing well and has been disease free for 2 years. Although S.
cerevisiae is a rare fungal pathogen, mostly in immunocompromised patients, sporadic cases of vaginitis and asthma have
been attributed to occupational exposure (1, 7, 14).
A number of investigators have described the use of a nested-PCR approach combining ITS universal primers with species-specific primers to confirm the etiology of B. dermatitidis
and H. capsulatum in paraffin-embedded tissue (2, 3, 8, 11).
This approach increases the specificity of the PCR and obviates the need for subsequent sequencing to confirm identity,
but it cannot be used with samples containing unknown fungi.
Two other groups have reported detailed comparisons of PCR
with ITS primers, followed by hybridization with species-specific nucleic acid probes and/or nucleotide sequencing (5, 13).
In one of these studies, it was found that hybridization with
specific probes was rather limited in its sensitivity and specificity compared to nucleotide sequencing (13). In conclusion,
the present report highlights the pathogenic potential of S.
cerevisiae in healthy humans who may acquire the fungus by
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FIG. 2. Electrophoresis of DNA amplified by PCR of lung nodule.
Lanes: 1, X174 RF/HaeII DNA fragment used as a size standard; 2,
positive PCR result with lung nodule DNA amplified by fungal ITS1
primers; 3, negative PCR result with control human DNA and fungal
ITS1 primers; 4 and 5, positive PCR results with DNA from lung
nodule and control human DNA amplified with primers for the human
androgen receptor.
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occupational exposure. Our laboratory findings also confirm
that the combination of PCR and nucleotide sequencing with
ITS1-ITS2 primers is a viable option for the identification of
fungal pathogens from paraffin-embedded tissue, especially
when the identity of the fungus is unknown.
Nucleotide sequence accession numbers. The sequences determined in this study have been deposited in the GenBank
database with accession numbers AF500488 and AY525600.
We thank Ann Messer (Molecular Genetics Program, Wadsworth
Center) for providing the DNA sample and primers for the human
androgen receptor. The nucleotide sequencing was done at the Molecular Genetics Core of the Wadsworth Center.

Downloaded from http://jcm.asm.org/ on September 24, 2019 by guest

REFERENCES
1. Belchi-Hernandez, J., A. Mora-Gonzalez, and J. Iniesta-Perez. 1996. Baker’s
asthma caused by Saccharomyces cerevisiae in dry powder form. J. Allergy
Clin. Immunol. 97:131–134.
2. Bialek, R., A. C. Cirera, T. Herrmann, C. Aepinus, V. I. Shearn-Bochsler,
and A. M. Legendre. 2003. Nested PCR assays for detection of Blastomyces
dermatitidis DNA in paraffin-embedded canine tissue. J. Clin. Microbiol.
41:205–208.
3. Bialek, R., A. Feucht, C. Aepinus, G. Just-Nubling, V. J. Robertson, J.
Knobloch, and R. Hohle. 2002. Evaluation of two nested PCR assays for
detection of Histoplasma capsulatum DNA in human tissue. J. Clin. Microbiol. 40:1644–1647.
4. Hagari, Y., S. Ishioka, F. Ohyama, and M. Mihara. 2002. Cutaneous infection showing sporotrichoid spread caused by Pseudallescheria boydii (Scedosporium apiospermum): successful detection of fungal DNA in formalin-fixed,
paraffin-embedded sections by seminested PCR. Arch. Dermatol. 138:271–
272.

5. Hendolin, P. H., L. Paulin, P. Koukila-Kahkola, V. J. Anttila, H. Malmberg,
M. Richardson, and J. Ylikoski. 2000. Panfungal PCR and multiplex liquid
hybridization for detection of fungi in tissue specimens. J. Clin. Microbiol.
38:4186–4192.
6. Kwon-Chung, K. J., and J. A. Bennett. 1992. Medical mycology. Lea &
Febiger, Philadelphia, Pa.
7. Nyirjesy, P., J. A. Vazquez, D. D. Ufberg, J. D. Sobel, D. A. Boikov, and H. R.
Buckley. 1995. Saccharomyces cerevisiae vaginitis: transmission from yeast
used in baking. Obstet. Gynecol. 86:326–329.
8. Rivasi, F., B. Casali, A. Nanetti, G. Collina, and A. Mazzoni. 2001. Histoplasma capsulatum var. capsulatum occurring in an HIV-positive Ghanaian
immigrant to Italy: identification of H. capsulatum DNA by PCR from
paraffin sample. APMIS 109:721–725.
9. Salfelder, K., T. R. de Liscano, and E. Sauerteig. 1990. Atlas of fungal
pathology, vol. 17. Kluwer Academic Publishers, Dordrecht, The Netherlands.
10. Tilley, W. D., M. Marcelli, and M. J. McPhaul. 1990. Expression of the
human androgen receptor gene utilizes a common promoter in diverse human tissues and cell lines. J. Biol. Chem. 265:13776–13781.
11. Ueda, Y., A. Sano, M. Tamura, T. Inomata, K. Kamei, K. Yokoyama, F.
Kishi, J. Ito, Y. Mikami, M. Miyaji, and K. Nishimura. 2003. Diagnosis of
histoplasmosis by detection of the internal transcribed spacer region of
fungal rRNA gene from a paraffin-embedded skin sample from a dog in
Japan. Vet. Microbiol. 94:219–224.
12. White, T. J., T. Bruns, S. Lee, and J. Taylor. 1990. Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics. Academic
Press, New York, N.Y.
13. Willinger, B., A. Obradovic, B. Selitsch, J. Beck-Mannagetta, W. Buzina, H.
Braun, P. Apfalter, A. M. Hirschl, A. Makristathis, and M. Rotter. 2003.
Detection and identification of fungi from fungus balls of the maxillary sinus
by molecular techniques. J. Clin. Microbiol. 41:581–585.
14. Wilson, J. D., B. M. Jones, and G. R. Kinghorn. 1988. Bread-making as a
source of vaginal infection with Saccharomyces cerevisiae: report of a case in
a woman and apparent transmission to her partner. Sex. Transm. Dis. 15:
35–36.

