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The infective particles “conidia” are produced by the mold, which one to be inhaled reach the alveoli 

of the susceptibel host, There its have the capacity to transform into the yeast (pathogenic phase). 

 

Transformation capacity in those fungus made them pathogenic agents  

able to produce deep mycoses. 

Propagula inhalation 
(conida or hyphal fragments) 

Balance 
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 Host  

• Immunological status  

• Lung integrity 

 Fungi 

• Inoculum  

• Fungus virulence 
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Antifungal drugs 

-Polyenes 
-Imidazoles 
-Triazoles 
-Echinocandins 

sulphamethoxazole/ 
trimethoprim 

Essential oils/ Natural products 

Vaccine/Immunotherapy??? 







Mycelium 
Conidia 

Yeast 

Acute PCM 

Dissemination: Mucous membranes, 

skin, lymphoid nodules, adrenal 

glands, and other organs.  

Chronic PCM 

Paracoccidioidomycosis 
Paracoccidioides spp. (P. brasiliensis and P. lutzii) 

Treatment 

Itraconazole 

Amphotericin B 

sulfametoxazol-trimetoprim 

Residual fibrotic lesions are 
observed in ∼60%,  
of patients with PCM. 







- Mapping of gp43: T cells from mice with different H-2: T 
epitope = P10 peptide (Taborda et al, 1998) 

- Immunization of mice with gp43 or P10 conferred protection 
against experimental paracoccidioidomycosis (Taborda et al., 
1998; Travassos et al., 2004) 

P10 
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Survival curve of anergic BALB/c infected it with 3x105 cells of Pb 18 during a period of 200 days. 
There were significant differences between groups of animals immunized with P10 and non-
immunized. Values are significant at p <0.0001 
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Adr iana Magalhães • Luciana Thomaz • Joshua D. Nosanchuk •

Luiz R. Travassos • Car los P. Taborda

Received: 24 September 2013/ Accepted: 7 August 2014 / Published online: 19 August 2014

Ó Springer Science+Business Media Dordrecht 2014

Abstract Paracoccidioidomycosis is a systemic

granulomatous disease caused by Paracoccidioides

spp. A peptide from the major diagnostic antigen

gp43, named P10, induces a T-CD4? helper-1

immune response in mice and protects against intra-

tracheal challenge with virulent P. brasiliensis. Pre-

viously, we evaluated the efficacy of the P10 peptide

alone or combined with antifungal drugs in mice

immunosuppressed and infected with virulent isolate

of P. brasiliensis. In thepresent work, our datasuggest

that P10 immunization leads to an effective cellular

immune response associated with an enhanced T cell

proliferative response. P10-stimulated splenocytes

increased nitric oxide (NO) production and induced

high levels of IFN-c, IL-1b and IL-12. Furthermore,

significantly increased concentrations of pro-inflam-

matory cytokines were also observed in lung homog-

enates of immunized mice. P10 immunization was

followed by minimal fibrosis in response to infection.

Combined with antifungal drugs, P10 immunization

most significantly improved survival of anergic

infected mice. Administration of either itraconazole

or sulfamethoxazole/trimethoprim together with P10

immunization resulted in 100 % survival up to

200 days post-infection, whereas untreated mice died

within 80 days. Hence, our data show that P10

immunization promotes a strong specific immune

responseeven in immunocompromised hostsand thus

P10 treatment represents a powerful adjuvant therapy

to chemotherapy.
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Introduction

The thermally dimorphic fungus Paracoccidioides

brasiliensis is the etiologic agent of paracoccidioido-

mycosis (PCM). PCM is the most frequent systemic

mycosis in Latin America, with the highest incidence

of diagnosis in Brazil, Argentina, Colombia and

Venezuela [1]. The main route of acquisition is the

inhalation of fungal particles, which usually leads to
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CD11b+, Ly-6G/Ly-6C+ and L3T4+ cells in the lung tissues from 
immunosuppressed and infected BALB/c mice. Tissue sections 
were obtained 60 days after infection with 3x105 yeast cells of P. 
brasiliensis. (A) CD11b+ cells in lung tissue of control group and 
immunized mice with P10. (B) Ly-6G/Ly-6C+ cells in lung tissue of 
control group and immunized mice with P10. (C) L3T4+ cells in 
lung tissue of control group and immunized mice with P10. 
Diaminobenzidine (DAB) was used as the peroxidase substrate to 
generate a brown-staining signal and the sections were 
counterstained with Mayer hematoxylin. Magnification, X 200.  

Julian E. Muñoz Henao et 
al., 2014 Mycopathologia 

expressed at varying levels on granulocytes, 
macrophages, myeloid-derived dendritic cells, natural killer 
cells, microglia, and B-1 B lymphocytes. 

 
recognizes granulocytes (neutrophils and eosinophils) 
and monocytes 

recognizes lymphocytes 



Julian E. Muñoz Henao et 
al., 2014 Mycopathologia 
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Figure: Therapeutic treatment of experimental PCM. Gene therapy started 30 days after infection and mice were sacrificed 5 months after 

infection. Immunizations were done every month during three months. CFUs were counted in lungs of B10.A mice infected intratracheally with 3 

x105 yeast cells and subjected to vaccine of vectors containing the insert P10 (pP10) or IL-12 (pIL-12). Control mice were inoculated with PBS 

and vaccinated with vector without insert. Each bar represents the average counts and standard deviations of CFU in lungs from 5 to 10 animals 

in each group. Experiments were carried out in triplicate. *, significant difference between the vector with insert and vector without P10 or IL-12 

insert (p ≤ 0.05). 
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Generation of memory and regulatory T Cells in BALB/c mice immunized with plasmid DNA encoding 
the P10 peptide of Paracoccidioides  brasiliensis 
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Figure - Percentage of pulmonary lymphocytes with memory or regulatory phenotype 
(CD4+CD44hi  or CD4+ Foxp3+, respectively) of mice immunized with the plasmid DNA encoding 
the P10 peptide and challenged – pP10 (black bars), mice immunized with the empty vector and 
challenged – pcDNA3 (light gray bars) and mice not immunized and infected with P. brasiliensis 
(dark gray bars). Age-matched controls not immunized and not infected are shown in white 
bars.  
 





 Histopathology of lung samples from group of 30 day-therapeutic protocol. Animals were 
infected and 30 days after, received two doses of the vaccine with an interval of seven days. 
Mice were sacrificed seven days after the second dose. A. infected and untreated; B. received 
unprimed DCs; C. received P10-primed DCs by the intravenous route and D. the same as C by the 
subcutaneous route (400X magnification). 
 

Histopathology of lung from group of 30 day-therapeutic protocol 

A 

C 

B 

D 



Therapeutic vaccination using DCs primed with P10 in anergic mice  

40 days  
after infection 

Da Silva, L. B. R et al., submitted 2016 
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Enhance Antifungal Activity of
Macrophages and Reduce Fungal
Burden After Infection with
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Paracoccidioidomycosis is a fungal disease endemic in Latin America. Polyclonal

antibodies to acidic glycosphingolipids (GSLs) from Paracoccidioides brasiliensis

opsonized yeast forms in vitro increasing phagocytosis and reduced the fungal burden

of infected animals. Antibodies to GSL were active in both prophylactic and therapeutic

protocols using a murine intratracheal infection model. Pathological examination of the

lungs of animals treated with antibodies to GSL showed well-organized granulomas and

minimally damaged parenchyma compared to the untreated control. Murine peritoneal

macrophages activated by IFN-γ and incubated with antibodies against acidic GSLs

more effectively phagocytosed and killed P. brasiliensis yeast cells as well as produced

more nitric oxide compared to controls. The present work discloses a novel target of

protective antibodies against P. brasiliensis adding to other well-studied mediators of

the immune response to this fungus.

Keywords: Paracoccidioides brasiliensis, paracoccidioidomycosis, glycosphingolipids, polyclonal antibodies,

nitric oxide

INTRODUCTION

The agents of Paracoccidioidomycosis (PCM) are a complex group of fungi within the

Paracoccidioides genus comprised of four distinct phylogenetic lineages known as PS2, PS3, S1,

and Pb01-like (Matute et al., 2006; Teixeira et al., 2009). PCM is a systemic granulomatous

diseaseinitiated by theinhalation of Paracoccidioidessp. conidia that subsequently transform into

yeast forms in the lungs. Paracoccidioides sp. grows in the yeast form at human physiological

temperature and in the mycelial form at 25◦ C (Franco et al., 1993). PCM is endemic in a broad

region from Mexico to Argentina, although∼80%of diagnosed patientsarein Brazil. Most patients

are rural workers but casesalso occur in urban centers, especially those located along routesused

by migrant workers(Restrepo, 1985; McEwen et al., 1995). Among thefungal diseases, PCM isthe

prevalent systemic mycosis in Latin America, with the highest mortality rate among the systemic

mycosesin Brazil (Prado et al., 2009).

Frontiers in Microbiology | www.frontiersin.org 1 February 2016 | Volume 7 | Article 74
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FIGURE 3 | (A) Colony forming units (CFU) in the lungs from BALB/c mice

that received 1 mg of polyclonal antibodies against acidic glycolipids and

1 mg anti-BSA polyclonal antibodies (control) 24 h before infection with Pb18

and sacrificed after 15 and 30 days (prophylactic protocol). Significant values

comparing the lungs of treated and control groups. ∗p < 0.05, ∗∗p < 0.01.

(B) Representative lung sections: Prophylactic protocol. 24 h prior to infection,

mice received polyclonal antibodies to acidic GSLs. Histopathological

sections of murine lungs 15 (A1, A2) and 30 (B1, B2) days after i.t. infection.

(A1, B1) Lungs from control mice; (A2, B2) Histopathological sections after i.t.

infection. Photographs of sections were taken at 100× magnification.

higher levels of IFN-γ (p = 0.0083) in animals sacrificed after

60 daysof infection with P. brasiliensisand of IL-12 (p = 0.0085)

after 45 and 60 daysof infection.

DISCUSSION

Studies on antibody immunity against fungal pathogens have

revealed that experiments with polyclonal sera may not

conclusively validate or disprove the capacity of antibody

to effectively modify disease pathogenesis. This quandary

arises due to the fact that polyclonal serum may consist

of a mixture of protective, irrelevant, or even detrimental

antibodies, and the relative quantity of each can dictate whether

or not a protective effect is measured (Casadevall, 1995).

The polyclonal antibodies also differ in isotype quantity and

specificity, which further complicates the assessment of efficacy.

Batista et al. (2014) showed that GSLs from P. brasiliensis

FIGURE 4 | (A) Colony forming units (CFU) in the lungs from BALB/c mice

that received 1 mg of polyclonal antibodies against acidic glycolipids and

1 mg anti- BSA polyclonal antibodies (control) 30 days after infection with

Pb18 and sacrificed after 45 and 60 days (therapeutic protocol). Significant

values comparing the lungs of treated and control groups. ∗∗p < 0.01,
∗ ∗∗p < 0.0001. (B) Representative lung sections: therapeutic protocol. 3 days

after i.t. infection, mice received polyclonal antibodies to acidic GSLs. Controls

received polyclonal antibodies to BSA. Representative histopathological

sections 45 days after i.t. infection: (A1) Lung from control mouse; (A2) Lung

from treated mouse. After 60 days of i.t. infection: (B1) Control; (B2) Treated.

Photographs of sections were taken at 100× magnification.

affected the function of human monocytes and dendritic

cells, interfering with antigen presentation. Toledo et al.

(2010) demonstrated that mAbs against the P. brasiliensis

glycolipid antigen, had a strong inhibitory activity in vitro

on differentiation and colony formation of P. brasiliensis,

H. capsulatum, and S. schenckii. Regardless, on the present

work, the polyclonal antibodies that we generated to acidic

GSLs purified from P. brasiliensis demonstrated protective

responses in our in vitro and in vivo infection models.

Most significantly, the polyclonal antibodies to acidic GSLs

were protective using both the therapeutic and prophylactic

protocols in our murine model of intratracheal P. brasiliensis

infection. The fungal burden was reduced in the lungs of

all groups studied, 15, 30, 45, and 60 days after infection.

The lung sections from the anti-GSL antibody treated groups

Frontiers in Microbiology | www.frontiersin.org 6 February 2016 | Volume 7 | Article 74
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affected the function of human monocytes and dendritic

cells, interfering with antigen presentation. Toledo et al.

(2010) demonstrated that mAbs against the P. brasiliensis

glycolipid antigen, had a strong inhibitory activity in vitro

on differentiation and colony formation of P. brasiliensis,

H. capsulatum, and S. schenckii. Regardless, on the present

work, the polyclonal antibodies that we generated to acidic

GSLs purified from P. brasiliensis demonstrated protective

responses in our in vitro and in vivo infection models.

Most significantly, the polyclonal antibodies to acidic GSLs

were protective using both the therapeutic and prophylactic

protocols in our murine model of intratracheal P. brasiliensis

infection. The fungal burden was reduced in the lungs of

all groups studied, 15, 30, 45, and 60 days after infection.

The lung sections from the anti-GSL antibody treated groups
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FIGURE 6 | Cytokine levels in the lungs obtained from BALB/c mice that received either 1 mg of polyclonal ant ibodies against acidic glycolipids or

1 mg anti- BSA polyclonal antibodies (control) 30 days after infection with Pb18 and sacrificed 45 and 60 days post-infection (therapeutic protocol).
∗p < 0.05, ##p < 0.005 (student’s t-test).

Thomaz et al. (2014) showed that mAbsagainst H. capsulatum

hsp60, (4E12 and 7B6, of different isotypes), were biologically

active against P. lutzii. Both isotypes enhanced P. lutzii

phagocytosis in vitro. Passive administration of the mAbs prior

to intratracheal infection of P. lutzii in micesignificantly reduced

thefungal burden in pulmonary tissue.

On testing peritoneal macrophages activated by IFN-γ and

incubated with polyclonal antibodiesto acidicGSLs,an enhanced

fungicidal activity of P. brasiliensis yeast forms was observed.

Killing internalized yeasts occurred simultaneous with nitric

oxideproduction. Theinvolvement of NO in P. brasiliensiskilling

is inhibited by IL-10 (Moreira et al., 2010). The effectiveness of

anti-acidic GSL antibodies in vivo reflected the three–fourfold

ratio of IFN-γ to IL-10 in the immunized mice. The effect

the nitric oxide in experimental cryptococcosis was also related

to the modulation of cytokine expression, underscoring the

interdependency of cellular and humoral defense mechanisms

(Rivera et al., 2002).

The cytokine profiles in both protocols (prophylactic and

therapeutic) showed a mixed activation of Th1 and Th2

cytokines, while similar results were observed previously by

Buissa-Filho et al. (2008), using a protective mAb against gp43

of P. brasiliensis. In our prophylactic protocol, we observed

a trend toward increased levels of IFN-γ and IL-10, whereas

Frontiers in Microbiology | www.frontiersin.org 8 February 2016 | Volume 7 | Article 74
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Western Blot of antigen from cell wall extraction (A) 7 days, (B) 15 days and (C) exoantigen. PB01 was cultivated in Fava Netto's 
media at 37°C. 
The reactive bands were sequenced by mass spectrometry and analysed by MASCOT using the Paracoccidioides genome bank. 
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