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Randomly amplified polymorphic DNA (RAPD) has been successfully used to detect genetic variations
among isolates of Paracoccidioides brasiliensis. However, the usefulness of this technique for assessing impor-
tant parasitic properties is still unconfirmed. In the present work we further investigated the applicability of
RAPD in revealing important intrinsic and extrinsic features of this fungus associated with geographical
origin, time of isolation, source of clinical specimen, clinical forms of human disease and also in vitro and in
vivo susceptibility to antimicrobial and antifungal drugs. The RAPD patterns allowed us to distinguish all of
the analyzed strains, which included 26 clinical isolates, 2 animal isolates, and 1 environmental isolate of P.
brasiliensis obtained from different geographic regions, confirming the strong discriminating power of this
technique. A phenetic tree, build from the RAPD data, showed that although the two nonclinical Brazilian
strains were set together the majority of the clinical Brazilian strains were randomly distributed through
different sub-branches of a major cluster without any correlation to any of the parameters analyzed. A second
major cluster, however, has grouped isolates from Mato Grosso and Roraima (Brazil) that not only were
susceptible in vitro to trimethoprim-sulfamethoxazole but also produced a good in vivo response. These results
open new vistas for epidemiological and clinical studies of P. brasiliensis.

Paracoccidioides brasiliensis is a dimorphic fungus alternat-
ing between the mycelial form observed in room temperatures
and the yeast form found in infected tissues or in culture at 35
to 37°C. The human paracoccidioidomycosis caused by this
fungus is characterized by a range of clinical manifestations
from benign or asymptomatic forms to severe and dissemi-
nated disease that is often fatal. The exact causes of the clinical
pleomorphism are not understood, but it is reasonable to pre-
sume that factors associated with both the fungus and the
patient are involved. In relation to the fungus, although wide
biological and biochemical diversity has been observed, no
clear correlation with pathogenesis has been demonstrated (3,
9, 12, 13, 17, 20, 23). Until now very little has been known
about the genome sequences of P. brasiliensis; hence, the use of
molecular approaches for isolate typing has been difficult.

The development of the randomly amplified polymorphic
DNA (RAPD) technique represented a landmark in the mo-
lecular characterization of diverse organisms, especially for
microbial strain identifications when very few genomic se-
quences are available. In relation to other molecular tech-
niques, RAPD analysis offers the advantage of requiring small
amounts of DNA, simpler procedures, and the use of arbitrary
primers (26). Due to these characteristics, RAPD has been
widely used for human diseases to detect genomic variations
among isolates of fungi such as Histoplasma capsulatum (27),

Cryptococcus neoformans (19), Aspergillus fumigatus (1), and P.
brasiliensis (3, 9, 12, 13, 23). Several authors have used the
RAPD technique to investigate possible associations between
P. brasiliensis fungus banding patterns and geographical distri-
bution (3), clinical or animal origin (21), virulence and pathol-
ogy (12, 13), and atypical isolates not presenting with in vitro
dimorphism (9) but, until now, little if any correlation was
observed. Moreover, in the few cases in which some association
could be found, the data in the literature are controversial. For
instance, when characterizing by RAPD analysis seven isolates
of P. brasiliensis (five from Brazil and two from Ecuador),
Soares et al. (23) were not able to detect any correlation with
geographical origins. Calcagno et al. (3) later used this tech-
nique to cluster 33 P. brasiliensis strains into five major groups
closely related to geographical origin (Venezuela, Brazil, Peru,
Colombia, and Argentina) but not to pathological features of
the disease. Molinari-Madlum et al. (12) have shown that
RAPD patterns of P. brasiliensis isolates from Brazil and Ec-
uador were reasonably well correlated with the degree of vir-
ulence in mice. However, Motta et al. (13) could not find any
association between RAPD profiles of 35 strains of P. brasil-
iensis (also with the majority isolated from Brazil) either with
virulence for experimentally infected mice or with clinical
forms of human disease.

In the present work we review the usefulness of the RAPD
technique for discriminating P. brasiliensis isolates in relation
to important intrinsic and extrinsic features such as geograph-
ical origin, time of isolation, source of clinical specimen, clin-
ical forms of human disease, and also in vitro and in vivo
susceptibility to antimicrobial and antifungal drugs.
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MATERIALS AND METHODS

Fungal strains. We analyzed 29 isolates from different geographical areas that
are listed in Table 1.

DNA preparation. For DNA preparation P. brasiliensis strains were main-
tained on solid Fava-Neto medium at 35°C (5) with two to three subcultivations
every 7 days to obtain the yeast-like form of the microorganism in the exponen-
tial growth phase (11). A loop full of cells from each strain was then collected and
suspended in 500 �l of sorbitol citrate buffer (1.1 M sorbitol, 0.1 M sodium
citrate; pH 5.6). To the cell suspension, we added 1 ml of extracting buffer
(Tris-spermidine; 40 mM Tris-HCl [pH 8.0], 4 mM spermidine, 10 mM EDTA,
0.1 M NaCl, 10 mM �-mercaptoethanol, 0.1% sodium dodecyl sulfate) supple-
mented with 50 mg of glucanase (Glucanex-Novo Nordisk). Afterward, the
mixture was incubated at 37°C under agitation in a thermoshaker operated at 35
turns min�1 for 3 h. DNA was obtained after two phenol-chloroform extractions
and ethanol precipitation. Finally, DNA quantification was performed by com-
parison with DNA standards electrophoresed in agarose gels (2).

RAPD analysis. For the RAPD analysis, we tested 10 different primers among
the stocks available in our laboratory. The primers OPA-1 (CAGGCCCTTC),
OPA-2 (TGCCGAGCTG), OPA-3 (AGTCAGCCAG), OPA-4 (AATCGGCG
TG), and OPG-14 (GGATGAGACC), obtained from Operon Biotechnology,
yielded the best results. These oligonucleotides were selected based on high-
intensity bands, hypervariability, and good definition of amplified DNA frag-
ments and were used for molecular characterization of different isolates of P.
brasiliensis. RAPD analysis was carried out basically as described by Williams et
al. (26) with minor modifications. The RAPD reaction mixture contained 1 ng of
genomic DNA, 1 pmol of primer; 500 �M concentrations of each deoxynucleo-
side triphosphate, and 0.3 U of Taq DNA polymerase (Gibco-BRL) in a final
volume of 10 �l of the PCR buffer (100 mM Tris-HCl [pH 8.3], 500 mM KCl, 3.5
mM MgCl2). The PCRs were conducted in a Perkin-Elmer GeneAmp PCR
system 2400 according to the following parameters: denaturation at 95°C for 30 s,
followed by 40 cycles at 94°C for 1 min, annealing at 40°C for 2 min, and
extension at 72°C for 2 min. In the last cycle the extension step time was
increased to 7 min. Reproducibility was checked by PCR, repeating the analysis
at least three times. RAPD products were analyzed by electrophoresis on a 8%
polyacrylamide gel in Tris-borate-EDTA (pH 8.0 buffer) and visualized by silver
staining as described by Santos et al. (22).

For RAPD data analysis, the relative mobility position of all bands present in
each analyzed P. brasiliensis strain was calculated and transformed in a data
matrix in which the character “1” means the presence of a specific band and “0”
represents its absence. We used the Nei and Li algorithm (15) contained in the
TREECON computer package program (25) to calculate the genetic distances
between the strains. Unrooted phenograms were constructed by UPGMA (un-
weighted pair group with arithmetic mean) method, and the robustness of the
tree topology was assessed by 1,000 bootstrap resampling (4, 6, 24–26).

Drug susceptibility tests. For in vitro drug susceptibility tests, the yeast cells
were obtained in the exponential phase of growth in McVeigh and Morton
(MVM; pH 7.0) (18) medium after at least three subcultures. Susceptibility was
evaluated to both antimicrobial (trimethoprim-sulfamethoxazole; FIOCRUZ-RJ
[Brazil]) and antifungal (amphotericin B; Sigma Chemical Co., St. Louis, Mo.)
drugs. The MIC for each strain was determined by using a broth macrodilution
procedure according to NCCLS criteria (standard M38-P), with minor modifi-
cations (8, 10, 14). Stock solutions of amphotericin B (50 mg ml�1) and tri-
methoprim-sulfamethoxazole (250 mg ml�1) were freshly prepared in dimethyl
sulfoxide. Serial twofold solutions were made with MVM liquid medium as the
diluent to yield final drug concentrations ranging from 4.0 to 0.007 �g ml�1 for
amphotericin B and 640 to 0.31 �g ml�1 for trimethoprim-sulfamethoxazole.
Drug-free and titrated solubilizing vehicle (dimethyl sulfoxide) controls were
included. Inocula were determined spectrophotometrically by using a yeast sus-
pension in sterile 0.85% saline that gave 70% transmittance at 520 nm. The yeast
cells were collected from the solid medium (MVM); diluted (1:10) in a counting
solution containing 0.9% NaCl, 4% formaldehyde, and 4% Tween 20; vortexed
to disperse the aggregated cells; and counted in a Neubauer chamber. An initial
inoculum density of 105 cells ml�1 was obtained (16). A 0.1-ml aliquot of this
suspension was then added to 0.9 ml of MVM broth, giving the desired dilutions
of the drug and a final concentration of 104 cell ml�1 (8, 14). Strains were grown
at 35°C under agitation in a thermoshaker. The MIC of amphotericin B was read
after 5 to 7 days and was defined as the lowest drug concentration exhibiting no
visible growth compared to a drug-free control tube. For the trimethoprim-
sulfamethoxazole, MIC was defined as the lowest concentration that resulted in
a visual turbidity of 80% inhibition or less compared to that produced by the
growth control (8, 14). All assays were performed in triplicate.

For the Mato Grosso (Brazil) patients group, we could also evaluate the

therapeutic response to the trimethoprim-sulfamethoxazole. In these cases the
patients were treated for 60 days with 160 mg plus 800 mg twice daily (attack
phase). The cure criteria used were the absence of clinical symptomatology, as
well as negative micological and radiological tests.

RESULTS

The P. brasiliensis strains and the parameters considered in
the present study are listed in Table 1. These parameters in-
cluded the isolation period of the strains; the geographic ori-
gin; patient occupation, sex, and age; the clinical specimen; the
clinical form of the disease; and the MICs of amphotericin B
and trimethoprim-sulfamethoxazole.

Drug susceptibility data. We investigated the in vitro sus-
ceptibility of 27 of 29 isolates in relation to trimethoprim-
sulfamethoxazole and amphotericin B. The MICs varied from
0.62 to 320 �g ml�1 for trimethoprim-sulfamethoxazole and
from 0.031 to 1.0 �g ml�1 for amphotericin B. For amphoter-
icin B, 0.031 and 0.125 �g ml�1 were the drug concentrations
able to inhibit, respectively, 50 and 90% of the analyzed iso-
lates. Higher concentrations, i.e., 2.5 and 40 �g of tri-
methoprim-sulfamethoxazole ml�1, were necessary to inhibit
50 and 90% of the same strains (Table 1).

Phylogenetic data. A total of 29 P. brasiliensis strains, includ-
ing 26 clinical isolates, 1 animal isolate, and 2 environmental
isolates (primer OPA-4), are shown in Fig. 1. Similar results
were obtained for all of the other primers used (data not
shown). We detected 11.57 � 4.144 (average � the standard
deviation) bands for each strain varying from 154 to 1018,
depending on the primer and the strain analyzed, and no two
strains exhibited identical RAPD patterns when each primer
was considered separately or in combination. RAPD data were
used for phylogenetic analysis of the Paracoccidioides group.
Figure 2 shows the UPGMA tree obtained from the data
matrix constructed with the five combined RAPD primers.
Despite the great diversity observed for the group, all analyzed
P. brasiliensis strains were clustered in two major branches,
strongly supported by 98% of the bootstrapped trees.

The major group I (the upper branch in Fig. 2) encompassed
the majority of the clinical isolates from the northern to the
southern parts of South America, together with an animal
strain (Pb-Tatu) and two environmental strains (Pb-262 from
dog food and Pb-Pinguim from penguin feces). Inside this
major branch, a clear separation of the Brazilian and non-
Brazilian strains could be seen. The strains from Venezuela,
Colombia, Peru, and Uruguayan Antarctica were clustered
together in a sub-branch denoted Ib in Fig. 2. Within this
subgroup the two analyzed Venezuelan strains were set apart
from each other. Among the Brazilian strains, the nonclinical
isolates (Pb-Tatu and Pb-262) were subclustered in a separated
sub-branch (denoted Ia in the Fig. 2) supported by a bootstrap
value of 92%. Fifteen clinical strains isolated from different
states of Brazil were randomly distributed through all other
sub-branches of the major group I. No association between the
relative positions of them and any one of the investigated
parameters was found.

A completely different profile was observed with the strains
belonging to the major group II (lower major branch in the Fig.
2). Six of them were recently isolated in the state of Mato
Grosso (central-western region of Brazil) and one from a pa-
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tient from Roraima, a state in northern part of Brazil. In all
cases the patients with presented the chronic form of untreated
paracoccidioidomycosis and showed clinical and also in vitro
susceptibility to both trimethoprim-sulfamethoxazole and am-
photericin B drugs.

DISCUSSION

We evaluated here the usefulness of RAPD analysis as a tool
for determining different intrinsic and extrinsic parameters of
the P. brasiliensis strains. However, as already found in previ-

FIG. 1. RAPD profiles showing polymorphism among the 29 analyzed P. brasiliensis isolates. The primer used was OPA-4.

FIG. 2. Phenogram of P. brasiliensis based on the UPGMA method derived from RAPD assays generated by using combined primers.

2852 HAHN ET AL. J. CLIN. MICROBIOL.



ous studies, we did not observe any association between the
RAPD profiles of the isolates and most of the investigated
parameters such as the isolation period of the strains; patient
occupation, sex, or age; and the clinical form (acute or chronic)
of the disease (3, 9, 12, 13, 23).

Similar results were also observed in relation to the geo-
graphic origin of the analyzed strains. Although we detected
the clustering of the isolates from Peru, Colombia, and Ven-
ezuela, all of them localized in the northern part of South
America; the strains isolated from Brazil showed greater ge-
netic diversity and could not be grouped together. This was
even more notable when we compared the strains isolated
from just one state of Brazil, in this case Mato Grosso. Part of
the strains (4 of 10) were set in major group I and part (6 of 10)
in major group II, with fewer than 65.09% of shared bands
between them. These results contrast with those of Calcagno et
al. (3), who could separate 33 strains from Argentina, Brazil,
Colombia, Peru, and Venezuela into five groups arranged ac-
cording to geographical zones when the OPG-14 arbitrary
primer was used. Even when we used this primer we could not
detect the clusterization in either the 15 Brazilian strains or the
2 analyzed isolates from Venezuela.

With regard to the source of the isolates, we observed the
grouping of two of the three nonclinical strains: a strain iso-
lated from dog food (Pb-262 [Minas Gerais, southern Brazil])
and a strain isolated from an armadillo (Pb-Tatu [Pará, north-
ern Brazil]). The strain Pb-Pinguim, isolated from penguin
feces in Antarctic Uruguay, was set apart, together with all of
the other non-Brazilian strains. However, this is a singular
strain, representing the unique specimen of P. brasiliensis al-
ready isolated from penguins (7). Although we have studied
very few environmental and/or animal isolates, our findings are
very interesting and stimulate us to further investigate the
possibility of using RAPD to distinguish clinical from nonclini-
cal P. brasiliensis strains.

Puzzling results were observed when we investigated possi-
ble correlations of the RAPD profiles and the therapeutic
success or in vitro susceptibility to the currently used antimi-
crobial drugs: amphotericin B and trimethoprim-sulfamethox-
azole. We could not find any association between the RAPD
profiles and the MICs for both drugs. In our in vitro assay all
analyzed strains were susceptible to both compounds except
for strain Pb-YRJ, which was resistant to trimethoprim-sulfa-
methoxazole (10). However, we detected a interesting associ-
ation between the strains isolated in Mato Grosso (Brazil) and
those set in major group II in our tree, which were all isolated
from patients that presented good therapeutic responses to
trimethoprim-sulfamethoxazole with the usual recommended
doses (960 mg twice daily). These findings contrast with other
strains isolated from the same state, at the same time, and set
into major group I, which were obtained from patients who
presented relapses or failed therapeutics with trimethoprim-
sulfamethoxazole (although three of them were susceptible to
these drugs in vitro). Although they are very preliminary, these
results indicate that in vivo susceptibility or resistance to drugs
may be more associated with parasite genetics than originally
suspected, thus opening new perspectives for epidemiological
and clinical studies of P. brasiliensis. Further studies are nec-
essary to validate these findings that acquire greater relevance
when associated with the difficulties encountered in treating

paracoccidiodomycosis, whether related to the choice of drug
for each form and phase of the disease or the socioeconomic
conditions and the competence of the immune system of a
particular patient.
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