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ABSTRACT 

 
Paracoccidioides brasiliensis is the agent of Paracoccidioidomycosis (PCM), the most prevalent deep mycosis 

of Latin America. The period of treat depend on the chemotherapeutic and the severity of disease and its 

administration not ensure the complete destruction of the fungus. The search for new alternatives is necessary. 

The aim of this study was to evaluate the protective effect of yeast cells of P. brasiliensis attenuated by gamma 

irradiation (LevRad) on therapeutic vaccination of BALB/c. 

The therapeutic potential of LevRad with or without fluconazole was assessed for the first time, 

intraperitoneally, in BALB/c, 60 days after intratracheal infection with a highly virulent non-irradiated 

P.brasiliensis isolate. The animals were divided in five experimental groups: uninfected (C-), infected (C+), 

infected treated with fluconazole (Inmed), infected treated with LevRad (InRad) and infected treated with 

fluconazole + LevRad (InRadMed). The organs (lungs, spleen and liver) were collected to analyze CFU (colony 

forming units) and histology. The sera were used to evaluate the immunization efficacy, and to assess IgG 

subtypes (IgG1, IgG2a, IgG2b, IgG3) and total IgG levels. There was significant decrease in the CFU counts of 

the lungs of InMed, InRadMed and InRad. No were visualized histopathological alterations in the organs of 

these groups, except in InRad there was granulomatous lesions unifocal, little and discrete. The levels of IgG 

and its subtypes IgG2a, IgG2b increased, probably due to the increase of cytokines that promote switching to 

these isotypes. These preliminary results can provide new prospect for imunotherapy of PCM, but it will be 

necessary new studies to evaluate administration dose and period treatment. 
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1. INTRODUCTION 

 

Paracoccidioidomycosis (PCM) is an infectious granulomatous disease caused by the 

thermally dimorphic fungus Paracoccidioides brasiliensis. PCM constitutes the most 

prevalent deep mycosis in Latin America with extensive endemic areas in Brazil, Colombia, 

Venezuela and Argentina [1]. It is estimated that approximately 10 million people are 

infected, although most of them do not show clinical symptoms [2]. The disease is supposed 

to be acquired via the respiratory tract, primarily involving the lungs and then disseminating 

to other organs and systems. In the absence of drug therapy, the disease is usually fatal [3].  

 

Antifungal chemotherapy is required to control the disease. The conventional treatment of 

PCM is based on sulfonamides, amphotericin B and azoles derivates. Extended periods of 

therapy are usually required to warrant a good clinical response and avoid relapses. However, 

the prolonged time of drug administration causes frequent interruption of the treatment 

increasing the frequency of relapses. Furthermore, drug therapy is often limited by toxicity, 

resistance and high cost [4]. Therefore, the search for new and more effective 

chemotherapeutic strategies to conventional chemotherapy for P. brasiliensis and other 

fungal pathogenic species, with fewer or no side effects, continues [5]. 

 

Up to the moment, no vaccine has been reported for P. brasiliensis or to any important 

pathogenic fungi infection in humans [6]. In our laboratory were obtained radioattenuated 

yeast cells of P. brasiliensis (LevRad), which lose the reproductive ability, while retaining 

the morphology, the synthesis and secretion of proteins, the oxidative metabolism and the 

expression of the antigens present in the native yeast [7,8]. The immunization of BALB/c 

mice with the LevRad was able to confer a potent and durable protection against challenge 

with highly infective yeasts forms of P. brasiliensis [9], showing the potential of this 

approach for the development of live attenuated vaccines against fungi infections. 

 

The association of chemotherapy with immunotherapeutic agents to treat PCM has been 

investigated. The administration of the peptide P10, a 15-amino acid peptide identified in the 

glycoprotein Gp43, that have already shown the capacity to elicit the secretion of Th1 type 

cytokines [10], as an adjuvant to the chemical used in the PCM therapy, showed an 

improvement of the therapeutic effectiveness of some antifungal agents [10,11]. Recently, 

Fernandes et al showed an additive protective effect in the combined use of fluconazole with 

rPb40 and rPb27 recombinant proteins which are conserved among the three distinct 

phylogenetic species within the P. brasiliensis groups [12]. 

 

Considering the large number of antigenic epitopes expressed by P. brasiliensis and the 

complexity and complementarity of the immune system as well as the high protection elicited 

by LevRad in prophylactic vaccination the immunotherapeutic potential of radioattenuated 

yeast cells of P. brasiliensis in combination with or without fluconazole had been 

investigated in this preliminary study during treat of PCM in animal model. 
 

2. MATERIAL AND METHODS 

 

2.1. Animals and P. brasiliensis strain 

Male BALB/c mice 4-6 weeks old were purchased from Centro de Bioterismo, ICB-UFMG 

(Belo Horizonte, MG, Brazil) and maintained under standard laboratory care as previously 

described [13]. P. brasiliensis, strain Pb 18, was maintained in yeast-form, at 35
o
C, in YPD 
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agar medium [0,5% yeast extract, 0,5% peptone, 1,5% D- glucose, 1,5% agar, pH 7.0]. The 

yeast cells were subcultured every 10 days. This work was approved by the Ethics Committee 

in Animal Experimentation from Universidade Federal de Minas Gerais (CETEA/UFMG), 

under protocol number 132/2006. 

 

2.2. Gamma irradiation. 

Cultures of P. brasiliensis, in solid medium, were irradiated in the presence of oxygen and at 

room temperature. The irradiation was performed in a uniform source of 
60

Co gamma rays at 

dose rate of 950 Gy h
-1

. A dose of 6.5 kGy was used to achieve attenuation [7]. 

 

2.3. Experimental design 

Male Balb/c mice were divided in five groups (with 5 animals each): uninfected (C-), 

infected (C+), infected and treated with fluconazole (InMed), infected and treated with 

LevRad (InRad) and infected and treated with fluconazole associated with LevRad 

(InRadMed).  

The animals were infected with viable cells of virulent P. brasiliensis (Pb18). Thirty days 

after infection, mice were treated for thirty consecutive days with fluconazole or LevRad 

associated or no with the fluconazol. Finally, the animals were euthanized and their organs 

were removed to analyze CFU and histology. The sera were used to evaluate the 

immunization efficacy, and to assess IgG isotypes (IgG1, IgG2a, IgG2b, IgG3) and total IgG 

levels. 

 

2.4. Mice intratracheal infection  

Male Balb/c mice were previously anesthetized i.m. with 40µL of a solution containing 57% 

of ketamine (Dopalen, Vetbrands, Brazil) and 43% of xylazine (Dopaser, Laboratório Calier 

do Brasil LTDA, Brazil). After that, their necks were hyper-extended and 3x10
5
 viable yeast 

cells of virulent P. brasiliensis (Pb 18) suspended in 50µL of sterile phosphate-buffered 

saline (PBS, pH 7.2) were injected using a 30-gauge needle into the exposed trachea The 

incisions were sutured with 4-0 silk. 

 

2.5. Mice immunization with LevRad 

After 30 days of infection, Balb/c mice were immunized two times, at two weeks intervals, 

by the ocular plexus with the injection of 10
5
 radioattenuated yeast cells in 50µL of sterile 

PBS, without adjuvant.  

 

2.6. Chemotherapy of infected mice 

After 30 days of infection, Balb/c mice were treated intraperitoneally, for the period of 30 

days, with daily doses of 10 mg/Kg of fluconazole (Mantena laboratories limited). 

 

2.7. Fungal recovery in organs of infected mice immunized with LevRad and/or treated 

with fluconazole 

Organ colony-forming units (CFUs) were evaluated 60 days after infection in the lungs, 

spleens and livers. The organs were removed, weighed, homogenized in PBS pH7.2 and 

plated on solid brain heart infusion (BHI, Difco) medium supplemented with 4% fetal calf 

serum and 5% spent culture medium of P. brasiliensis as growth factor. Gentamycin was 

added at 40 mg/L. The plates were incubated at 35
o
C and CFUs were counted after 20 days. 

The results were expressed as the number of P.brasiliensis CFUs per gram of tissue per 

mouse in each experimental group. 
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2.8. Histopathology  

Balb/c mice were sacrificed 60 days after infection. The lung, spleen and liver were excised, 

fixed in 10% buffered formalin, and embedded in paraffin for sectioning. The sections were 

stained with hematoxylin-eosin and examined microscopically. 

 

2.9. Antibody response to LevRad 

ELISA was performed using Maxisorp
TM 

surface plates coated with 0.5 μg per well of Mexo 

antigens [14] and blocked with PBS containing 1.6% casein. Sera from immunized or 

infected mice were tested by serial dilution starting at 1:100 and quantified with a IgG1, 

IgG2a, IgG2b and IgG3 specific sub-class IgG-peroxidase conjugate (Sigma). The samples 

were analyzed 90 days post challenge. The results were recorded as OD490 readings taken in 

an automated ELISA reader.  

 

2.10. Statistics 

Data were analyzed statistically by one way ANOVA followed by the Bonferroni test or 

Student t-test associated when necessary to the non-parametric Mann-Whitney test with the 

level of significance set at p< 0.05. 

 

3. RESULTS  

 

3.1 - CFU recovery from treated Balb/c mice 
To evaluate the therapeutic effect induced by LevRad associated or not with fluconazole 

(InRadMed and InRad, respectively) on experimental PCM treatment, treated Balb/c mice 

organs were analyzed 60 days post infection. A significant reduction of lung CFUs was 

obtained in InMed, InRad and InRadMed groups in relation to C+ (Fig.1). The best result was 

obtained for the InRadMed group, since no colonies were recovered from any organs of 

animals of this group.  
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Figure 1 – CFUs recovery from organs of infected and treated mice. The organs CFUs 

were estimated 60 days post infection. Mice infected intratracheally with 3x10
5
 yeast cells of 

P. brasiliensis. Negative control (C-) mice not infected; positive control (C+) mice infected 

with virulent P. brasiliensis; (InMed) infected Balb/c mice treated with fluconazole; (InRad) 

infected Balb/c mice treated with LevRad; (InRadMed) infected mice treated with LevRad 

associated to fluconazole. Data are reported as mean + S.D. of CFU/g of tissue in each 

experimental group (n=5). (**) p<0.001 in relation to positive control. 

** 
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3.2 - Histopathological changes from treated Balb/c mice 
The histopathological analysis showed the organs (lung, liver and spleen) of the negative 

control, InMed and InRadMed free from board fungi, inflammatory infiltrated and 

granulomatous lesion (Fig. 2). Only the lung of the InRad group presented well organized 

discrete unifocal granulomatous lesions with a few number of yeast cells (Fig.3B). The lung 

of animals only infected (C+) showed discrete and multifocal granulomatous lesion, 

constituted by linfohistiocytic infiltrate with giant cells and viable fungal cells (Fig. 3A). The 

liver showed mild to moderate unifocal granulomas surrounded by fibrous connective tissue 

constituted by lymphocytes, macrophages and giant cells with numerous fungal cells inside 

(Fig. 3C). There was no histhopatological alteration in spleen of these animals (Fig. 3E). 

 

Negative control InMed InRadMed 

   

   

   

 

Figure 2 – Representative histopathology of lungs (A), livers (B) and spleens (C) from 

intratracheally infected mice submitted to the treatment with LevRad associated or not with 

fluconazole. The animals were analyzed after 30 days of treatment. Negative control (C-) not 

infected; (InMed ) infected Balb/c mice treated with fluconazole; (InRadMed) infected mice 

treated with LevRad associated to fluconazole. Stained with hematoxylin eosin. 
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Figure 3 – Representative histopathology of lungs, livers and spleens from intratracheally 

infected mice submitted to the treatment with LevRad associated or not with fluconazole. The 

animals were analyzed after 30 days of treatment. Positive control (C+) infected with the 

virulent yeast; (InRad) – infected Balb/c mice treated with LevRad;. Hematoxylin eosin 

staining. 

 

3.3. LevRad specific immunoglobulin response in serum of treated Balb/c mice 

Serum was collected from treated mice for evaluation of specific responses to mexo antigen. 

Fifteen days after the beginning of the treatment, serum of InRad and InRadMed groups 

showed greater specific response than InMed group. The levels of IgG in the group 

InRadMed were reduced after 30 days of treatment, showing similar levels than InMed 

group. (Fig. 4). 
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Figure 4 – IgG production in serum from treated and infected Balb/c mice. Antibody 

responses against Mexo were determined just before (P0) and 30 (P1), 45 (P2) and 60 (P3) 

days after infection by ELISA. (InMed) infected Balb/c mice treated with fluconazole; 

(InRad) infected Balb/c mice treated with LevRad; (InRadMed) infected mice treated with 

LevRad associated to fluconazole. Data were reported as mean + S.D. of optical density (450 

nm) at 1:100 serum dilution in each experimental group (n=5). 

 

A significant and similar production of IgG1 in the sera of InMed, InRad, InRadMed and C+ 

groups was verified. The levels of IgG2a were significantly higher in InRad group, while 

IgG2b and IgG3 were significantly higher in InRad and InRadMed animals (Fig. 5). 
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Figure 5 – IgG isotypes production against Mexo by infected and immunized mice. Antibody 

responses against Mexo were determined 60 days after infection (30 days after the beginning 

of treatment) by ELISA. Positive control (C+) infected with the virulent yeast; Negative 

control (C-) not infected; (InMed ) infected Balb/c mice treated with fluconazole; (InRad) 

infected Balb/c mice treated with LevRad; (InRadMed) infected mice treated with LevRad 

associated to fluconazole. Data were reported as mean + S.D. of optical density (450 nm) at 

1:100 serum dilution in each experimental group (n=5). (**)(*) p<0.05 in relation to isotypes 

and other groups, respectively. 

** 

* * 

* * 
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4. DISCUSSION 

 

The immunization of infected BALB/c mice with LevRad in addition to the 

fluconazole (InRadMed) elicited a great therapeutic effect against highly infective yeast of P. 

brasiliensis. No colonies were recovered from any organs of animals of this group, 60 days of 

infection. The histopathological analysis confirmed these results showing the organs (lung, 

liver and spleen) with preserved lung parenchyma and free from board fungi and 

granulomatous lesion whereas the lung of animals only infected (C+) showed discrete and 

multifocal granulomatous lesion, constituted by linfohistiocytic infiltrate with giant cells and 

viable fungal cells. It was observed high levels of the IgG at the beginning of treatment in the 

InRad and InRadMed groups that were decreasing after the fifteenth days of treatment. In 

PCM, severe forms are associated with high levels of specific antibodies and 

hypergammaglobulinemia, which fails to protect against the disease [1]. At the same time 

increased the levels of IgG2a and IgG2b which are protective in PCM.  

 The immunization of infected animals was effective but yet no seems to have benefit 

over the treatment. Although, it is important to consider that the infected animals were 

submitted to only two immunizations with the LevRad (the beginning of treatment and two 

weeks later) without adjuvant, while fluconazole was administered for 30 days. These 

preliminary results provide new prospects for imunotherapy of PCM, but it will be necessary 

new studies to evaluate the administration dose, time of treatment and potential toxicity. 
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