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From a 0.72-kb fragment universally generated in Paracoccidioides brasiliensis strains, primers were designed
and tested on genomic DNA of this and other pathogenic fungi. They were specific and highly sensitive for P.
brasiliensis DNA. Positive results were obtained when these were tested in clinical samples.

Paracoccidioidomycosis (PCM), caused by Paracoccidioides
brasiliensis, is a chronic granulomatous systemic mycosis prev-
alent in rural areas of Latin America (16). PCM is routinely
diagnosed by culture observation and microscopic detection of
yeast cells in clinical specimens (10) and by serological tests,
particularly with gp43, a reference P. brasiliensis antigen (17,
18).

Molecular methods (2, 6, 11, 19) allow the identification of
many fungi without the need of culturing. They are rapid,
highly specific and sensitive (3). The molecular identification
of P. brasiliensis with primers of diverse origin has been re-
ported (4, 5, 7, 9, 13, 14). Two specific DNA fragments (0.72
and 0.83 kb) common to and specific for all P. brasiliensis
samples are generated when the arbitrary primer OPG18
(Operon Biotechnology) is used (5). We report specific prim-
ers designed on the 0.72-kb fragment, capable of identifying P.
brasiliensis DNA from sputum and cerebrospinal fluid (CSF) of
PCM patients.

P. brasiliensis DNA (strain Pb73; ATCC 32071) was pre-
pared as described before (5). Other DNA samples were His-
toplasma capsulatum (strains 7090, G222B, and G217B), As-
pergillus terreus, Aspergillus fumigatus, Aspergillus nidulans,
Blastomyces dermatitidis (strains 4.1 and 4.2), Candida albicans
(strains B102A and 3), Candida krusei (strain W0701), Candida
parapsilosis (strain 8992), Candida tropicalis (strain W0739),
Candida guilliermondii (strain 6742), Candida pseudotropicalis
(strain W0696), Candida dubliniensis, Cryptococcus neoformans
(strain 90-2), Penicillium marneffei (strain 10742), Sporothrix
schenckii (strain 5038), Trichophyton rubrum (strain A), Myco-
bacterium tuberculosis, Mycobacterium bovis, and Mycobacte-
rium smegmatis.

Primers were designed on the 0.72-kb fragment generated by
PCR with the arbitrary primer OPG18 (Operon Biotechnolo-
gies) (5). They were as follows: MG2(1)F, 5�-GGGATTCCC
TAGGCAAACACTTGTGTGA-3�; MG2(1)R, 5�-GTGCAG
TTATCCACAAGCCATATATTC-3�; MG2(2)F, 5�-GGAGA

TGATCTGACGTTAGTACGTGATG-3�; and MG2(2)R, 5�-
ATGCTAATTTATGTCATTCCGCGTCTG-3�.

PCRs were carried out in 25-�l reaction mixtures with 2.5 �l
10� PCR buffer (200 mM Tris-HCl, pH 8.4, 500 mM KCl)
containing 20 ng genomic DNA, 20 pmol of each primer, 0.75
�l 50 mM MgCl2, 1.25 �l 1 mM dNTP, and 0.5 U Taq DNA
polymerase (Life Technologies). Amplifications were per-
formed in a thermocycler (MJ Research, Inc.) with an initial
cycle of 94°C (5 min), 30 cycles of 94°C (30 s), 65°C (30 s), and
72°C (1 min), and a final extension for 5 min at 72°C. Negative
controls (water instead of fungal DNA) were included in all
reactions. Sensitivity of the PCR assay was tested with P. bra-
siliensis genomic DNA at concentrations from 5 ng to 1 pg.

For diagnostic purposes, seven sputa and one CSF sample
from PCM patients (Table 1) and three sputum samples from
subjects without PCM were tested, undiluted and in 1:5 and
1:10 dilutions. An initial PCR with 5 �l DNA and the primer
pair MG2(1)F-MG2(1)R was carried out, followed by ream-
plification (2 �l) under the same conditions. Southern hybrid-
ization with the specific 0.72-kb probe (5) was carried out
according to the methods in reference 15.

To evaluate the method, control sputa were spiked with P.
brasiliensis yeast cells (0, 10, 102, and 104 cells/ml). Samples
were treated according to the methods in reference 8, although
modifications were needed. (i) The lysis buffer consisted of 0.1
M Tris-HCl, pH 7.5; 5% sodium dodecyl sulfate; 30 mM
EDTA; and both chitinase (from Streptomyces griseus, 1 mg/ml;
Sigma, St. Louis, MO) and �-glucanase (yeast lytic enzyme, 2
mg/ml; ICN Biomedicals Inc., Aurora, OH) as lytic enzymes to
soften the P. brasiliensis cell wall. It was added 1:1 (vol/vol) for
2 h at 37°C and a further 15 min at 100°C. (ii) Centrifugation
conditions were modified to 12,000 rpm for 5 min after the
potassium acetate step, 5,000 rpm at 4°C for 10 min after the
phenol-chloroform extract, and 8,000 rpm at 4°C for 5 min
following overnight incubation at �20°C.

Patients (Table 1) were farmers from rural areas nearby the
Valencia Lake, in the north-central region of Venezuela (pa-
tients 1 through 7), or Lara State, the central-western region of
the country (patient 8). Samples were treated in the same
fashion as spiked samples. The project was submitted to and
approved by the Bioethics Commission of the Venezuelan
Institute for Scientific Research.

* Corresponding author. Mailing address: Centro de Microbiologı́a
y Biologı́a Celular, Apartado 21827, Caracas 1020A, Venezuela.
Phone: 58-212-504 1496. Fax: 58-212-504 1382. E-mail: sanblasg@ivic
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DNA from all microorganisms listed above were used for
PCR assays with primer pairs MG2(1)F-MG2(1)R and
MG2(2)F-MG2(2)R. Figure 1 shows results obtained with P.
brasiliensis, B. dermatitidis, H. capsulatum, C. albicans, C. dub-

liniensis, A. nidulans, and A. fumigatus. All other fungal and
mycobacterial DNAs and DNA from control samples were
negative. Specific P. brasiliensis bands of 285 bp [MG2(1)F-
MG2(1)R] and 288 bp [MG2(2)F-MG2(2)R] were generated.
Southern hybridization (not shown) was positive for the P.
brasiliensis amplicon only, confirming the specificities of the
designed primers. They had a sensitivity limit of 10 pg (Fig. 2).
The limit for spiked sputum samples was 10 cells/ml. Thereaf-
ter, only primer pair MG2(1)F-MG2(1)R was used.

Experiments with serum and blood samples (not shown)
were unsuccessful. With the exception of that of patient 2,
samples listed in Table 1 generated a well-defined band (Fig. 3)
visible even at a 1:10 dilution (not shown). Two sputum sam-
ples (those of patients 6 and 7) corresponded to previously
treated PCM patients who returned to the hospital for pre-
sumptive PCM relapse. In both cases, molecular tests were
done before clinical and laboratorial results were available.
Sputum from patient 6 was positive for P. brasiliensis, while
that from patient 7 was not. Clinical and mycological confir-
mations of both molecular diagnoses were reached at a later date.

So far, P. brasiliensis DNA sequences of potential diagnostic
use include some derived from the rat �-actin gene (7), the
5.8S rRNA gene and its flanking internal transcribed spacer
regions (9, 11, 13), or the gp43 gene (4, 8). The primers re-
ported here produced positive identification bands in those
patients with a confirmed diagnosis of chronic PCM, reflecting

FIG. 1. PCR amplification with primers MG2(1)F-MG2(1)R and
MG2(2)F-MG2(2)R. Lane 1, 100-bp ladder, Gibco Life Technologies.
Genomic DNA from Paracoccidioides brasiliensis (Pbr), Blastomyces
dermatitidis (Bd), Histoplasma capsulatum (Hc; Hc*, 1:10 dilution),
Candida albicans (Ca), Candida dubliniensis (Cd), Aspergillus nidulans
(An), and Aspergillus fumigatus (Af). Negative control, C.

TABLE 1. Molecular detection of P. brasiliensis in samples from patients with various clinical forms of the disease

Patient Sexb(age in
yrs)

Clinical and/or serological diagnosis
(premolecular test)

Molecular PCM
diagnosisc

Agreement between clinical and/or serological diagnosis with the
molecular testd

1 M (39) Chronic, multifocal PCM, 6-mo
duration of symptoms

�� Sample from patient with a positive clinical and
laboratorial diagnosis of PCM

2 M (55) Chronic, multifocal PCM, 3-yr
duration of symptoms

� (smear) Sample from patient with a positive clinical and
laboratorial diagnosis of PCM. This sample was
exceedingly thick; it was subjected to three purification
steps in a fruitless attempt to eliminate smear

3 F (38) Chronic unifocal (pulmonary)
PCM, 4-mo duration of
symptoms

�� Sample from patient with a positive clinical and
laboratorial diagnosis of PCM

4 M (34) Chronic multifocal PCM, 4-mo
duration of symptoms

��� Sample from patient with a positive clinical and
laboratorial diagnosis of PCM

5 M (57) Chronic unifocal (pulmonary)
PCM; 14-mo duration of
symptoms

��� Sample from patient with a positive clinical and
laboratorial diagnosis of PCM

6 M (49) Chronic, multifocal PCM
diagnosed and treated in 2000.
Probable relapse, unconfirmed at
the time of the molecular test

��� Ten days after our positive report of PCM, clinical and
serological confirmation was available (microscopic
observation of P. brasiliensis multibudding yeast cells in
sputum and positive serology)

7 F (47) Chronic unifocal (pulmonary)
PCM-diagnosed and treated in
1993. Probable relapse,
unconfirmed at the time of the
molecular test

� Clinical and serological confirmation of no PCM relapse,
10 days after molecular results were available. Definitive
negative mycological diagnosis, 1 month later: chronic
bronchopulmonary obstructive emphysema and bilateral
bronchiectasis after bacterial infection

8a M (38) Chronic, multifocal PCM, with
involvement of the central
nervous system

�� CSF biochemistry revealed a discreet elevation in proteins.
Direct microscopic examination, culture, and serology
(DID) for P. brasiliensis were negative. CT scan with
contrast showed the presence of multiple hypodense
images with ring enhancement, surrounded by mild
edema, localized mainly at posterior fossa and in lower
numbers in basal ganglia and around periventricula

a Cerebrospinal fluid sample. All others were sputum.
b M, male; F, female.
c �, light band; ��, medium band; ���, intense band; �, no band.
d CT, computed tomography; DID, double immunodiffusion.
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the frequent pulmonary involvement in such cases (12). Inter-
estingly, in two cases of suspected relapses (patients 6 and 7),
our molecular test produced results that preceded, by one or
more weeks, information obtained by clinical, serological, or
mycological tests. One of these patients (patient 6) turned out
to have a PCM relapse, while the other one (patient 7) did not,
as correctly predicted by the molecular test.

As for patient 8, he suffered from chronic multifocal PCM,
and developed neurological symptoms of impairment, sugges-
tive of an involvement of the central nervous system (CNS).
Treatment with amphotericin B diminished mucosal lesions
but not the CNS impairment. Our molecular test was able to
detect P. brasiliensis in a CSF sample from this patient, al-
though antibody detection and microscopic observation were
negative for the presence of the fungus in this sample, as
usually reported for CNS PCM (1). A positive molecular test
could avoid a stereotaxic biopsy of the brain for diagnosis and

could be useful to follow the treatment of patients with para-
coccidioidal CNS involvement.
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Adam. 2004. Identification of clinically relevant yeasts by PCR/RFLP. J.
Microbiol. Methods 56:201–211.

FIG. 2. Different amounts of genomic DNA were amplified with
primers MG2(1)F-MG2(1)R (left) or MG2(2)F-MG2(2)R (right).
Amplicons were detected by 2% agarose gel electrophoresis and
ethidium bromide staining.

FIG. 3. Identification of P. brasiliensis DNA by reamplification with
primers MG2(1)F-MG2(1)R of clinical samples from paracoccidioid-
omycosis patients (undiluted samples only; 1:5 and 1:10 dilutions not
shown). Mw, standard; 1 to 7, sputum samples; 8, CSF sample, as
referred to in Table 1; c�, negative control; c�, P. brasiliensis DNA.
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