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RESUMO

A paracoccidioidomicose (PCM), causada pelo fungo Paracoccidioides brasiliensis, é
uma micose sistémica, endémica na América Latina. O diagnéstico da PCM
apresenta dificuldades como reatividade cruzada com outras micoses sistémicas
como a histoplasmose ou doencas parasitarias como a leishmaniose.
Adicionalmente, PCM e leishmaniose sdo doencas que compartilham as mesmas
areas endémicas. Este estudo teve como objetivos desenvolver métodos de
deteccdo da infeccdo por P. brasiliensis por meio de PCR-ELISA e ELISA baseado
em antigenos recombinante e sintéticos e avaliar anticorpos contra P. brasiliensis
em individuos soropositivos e soronegativos para leishmaniose. Embora a
glicoproteina 43 kDa (gp43) de P. brasiliensis seja o antigeno mais utilizado no
imunodiagndstico da PCM, podem ocorrer reacdes cruzadas devido principalmente a
epitopos carboidrato. A gp43 recombinante produzida em Escherichia coli ndo é
glicosilada e, portanto, pode contribuir para a reducédo das reacdes cruzadas. Os
peptideos sintéticos baseados na sequéncia da gp43 também constituem uma
alternativa interessante, pois apresentam vantagens como baixo custo de producéo,
altas sensibilidade e especificidade. Amostras de soro humano positivas (n=20) e
negativas (n=22) na imunodifusdo com exoantigeno de P. brasiliensis foram
analisadas por ELISA utilizando gp43 recombinante (rGp43) e peptideo sintético
como antigenos, respectivamente. Todas as amostras positivas na imunodifusao
também foram positivas para a rGp43 enquanto 75% das amostras foram positivas
no ELISA com peptideo sintético. As amostras negativas na imunodifusdo
apresentaram positividade no ELISA com rGp43 e peptideo sintético de 36,4% e
40,9%, respectivamente. Técnicas de biologia molecular também podem contribuir
para o diagnéstico preciso e rapido da PCM. Uma amostra de escarro (negativa para
P. brasiliensis por Nested-PCR) foi inoculada com células de P. brasiliensis diluidas
em série (10 a 10° células/mL) e o DNA foi extraido e amplificado por Nested-PCR.
O produto da amplificacao foi analisado por eletroforese em gel de poliacrilamida e
por PCR-ELISA e ambas as formas de deteccédo permitiram a deteccdo de baixa
quantidade de DNA, embora a PCR-ELISA tenha permitido a analise em menor
tempo. Amostras de soro humano soropositivas (n=14) e soronegativas (n=39) para
leishmaniose foram analisadas por ELISA e imunodifusdo utilizando gp43
recombinante e exoantigeno, respectivamente. As amostras soropositivas e
soronegativas para leishmaniose apresentaram positividade para rGp43 de 64,3% e
53,8%, e a diferenca ndo foi significativa. O ELISA baseado em rGp43 e peptideo
sintético, bem como a PCR-ELISA, constituem alternativas promissoras para a
deteccao da infeccao por P. brasiliensis.

Palavras-chaves: Imunodiagndéstico. Micose sistémica. Paracoccidioidomicose.



Borges, Isabele Kazahaya. Detection of Paracoccidioides brasiliensis infection
by PCR-ELISA and ELISA based in recombinant rGp43 and synthetic antigens
and reactivity with rGp43 in human leishmaniasis. 2016. 52 p. Thesis (Doctoral
Degree in Experimental Pathology) — Universidade Estadual de Londrina, Londrina,
2016.

ABSTRACT

Paracoccidioidomycosis (PCM) caused by Paracoccidioides brasiliensis is a systemic
mycosis, endemic in Latin America. The diagnosis of this mycosis can be difficult due
to cross reaction with other systemic fungal infections such as histoplasmosis or
parasitic diseases such as leishmaniasis. In addition, PCM and leishmaniasis share
the same endemic areas. The aims of this study were to develop methods for
detection P. brasiliensis infection by PCR-ELISA and ELISA based on recombinant
and synthetic antigens and evaluation of antibodies against P. brasiliensis in
individuals seropositive and seronegative for leishmaniasis. Although the
glycoprotein 43 kDa (gp43) of P. brasiliensis is a useful antigen for immunodiagnosis
of PCM, cross-reaction with other antigens may occur due to carbohydrate epitopes.
The use of non-glicosylated gp43 recombinant produced in Escherichia coli, can
reduce cross-reactivity. Use of synthetic peptides, based in the sequence of gp43, is
another interesting alternative due to low production cost, high sensitivity and
specificity. Human serum samples, positive (n = 20) and negative (n = 22) for P.
brasiliensis in immunodiffusion were analyzed by ELISA using recombinant gp43
(rGp43) and synthetic peptide as antigens, respectively. All the positive samples in
immunodiffusion were positive by ELISA with rGp43 although 75% were positive in
ELISA with synthetic peptide. Negative samples in immunodiffusion showed 36.4%
positivity in ELISA with rGp43 and 40.9% in ELISA with synthetic peptide. Molecular
techniques can also contribute for accurate and rapid diagnosis of PCM. A sputum
sample (negative for P. brasiliensis by PCR) was inoculated with P. brasiliensis cells
serially diluted in phosphate saline buffer (10 to 10° cells/ml) and the DNA was
extracted and amplified by Nested-PCR. The product of the amplification was
analyzed by polyacrylamide gel electrophoresis and PCR-ELISA and both tests
detected low amounts of DNA, although analysis by PCR-ELISA was realized in
shorter time. Human serum samples positive (n=14) and negative (n=39) for
leishmaniasis were analyzed by ELISA and Immunodiffusion using rGp43 and P.
brasiliensis exoantigen, respectively. The positive and negative serum samples for
leishmaniasis showed 64.3% and 53.8% of positivity for rGp43 with no statistical
significance. The ELISA based in rGp43 and synthetic peptide as well as PCR-
ELISA, are promising new approaches for the detection of P. brasiliensis infection.

Keywords: Immunodiagnostics. Systemic mycosis. Paracoccidioidomycosis.
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1 INTRODUCAO

Paracoccidioides brasiliensis € um fungo termodimorfico, que se apresenta na
forma de micélio a 25°C e como levedura a 37°C, em tecidos infectados e in vitro. A
forma micelial é formada por células cilindricas com ramificacdes (hifas) as quais se
apresentam como estruturas multicelulares, finas e septadas. A estrutura
leveduriforme é arredondada com multiplos brotamentos a qual foi denominada em
como “roda de leme” (FURTADO et al., 1967; SAN BLAS, 1985; SAN BLAS et al.,
2002).

A paracoccidioidomicose (PCM) foi descrita pela primeira vez por Adolpho
Lutz em 1908. E uma micose sistémica, endémica em varios paises da América
Latina. O Brasil € 0 pais com maior nimero de casos, principalmente nas regides
sul, sudeste e centro-oeste (FONSECA et al, 1999; WANKE, 1999; MOREIRA, 2008;
BOCCA et al., 2013). Teixeira e colaboradores (2009) identificaram um isolado
genotipicamente semelhante ao Pb01 com algumas divergéncias morfologicas o
qual foi denominado “Pb01-like” e posteriormente, caracterizado como uma nova
espécie, Paracoccidioides lutzii, em homenagem a Adolpho Lutz.

O termo PCM foi instituido na reunido de micologistas das Américas em 1971,
porém essa micose ja foi denominada blastomicose sul-americana, blastomicose
brasileira, micose de Lutz, moléstia de Lutz-Splendore-Almeida, doengca de Lutz
(BATISTA et al., 2001).

A PCM pode ser classificada como PCM-infec¢ao que ocorre pela inalagao de
propégulos do fungo, provavelmente originarios do solo (BRUMMER et al., 1993) e é
caracterizada por acometer individuos que apresentam positividade em testes
cutaneos frente a paracoccidioidina, mas ndo apresentam sinais de doenca, de
ambos 0s sexos, que em algum momento residiram (ou continuam residindo) em
areas endémicas a PCM. A imunidade celular nestes individuos geralmente esti
preservada e a infeccdo pode ser evidenciada por reacgdes intradérmicas (FRANCO
et al, 1986) ou soroldgicas (ONO et al., 2001; BOTTEON et al., 2002).

A PCM-infeccdo pode evoluir para a PCM-doengca na forma aguda, que
acomete criancas e adolescentes ou, forma cronica ap6és longo periodo de laténcia.
A forma crbnica € mais comum e afeta principalmente homens, adultos, tabagistas,
etilistas cronicos, trabalhadores rurais em alguma fase da vida (SAN-BLAS; NINO-

VEGA, 2008). Desenvolve-se na forma de doenca pulmonar, podendo se disseminar



18

pela via linfatica ou sanguinea para outros 6rgaos ocasionando lesdes nas mucosas,
linfonodos, pele e glandulas adrenais (FRANCO, 1986; BLOTTA; CAMARGO, 1993;
CAMARGO et al., 2000; DINIZ et al., 2002; SHIKANAI-YASUDA et al., 2006).

Pacientes com PCM podem apresentar outras doencas associadas como
tuberculose, carcinoma, enteroparasitoses, infeccbes pulmonares, Sindrome da
imunodeficiéncia adquirida (SIDA), leishmaniose, hanseniase, doenca de Chagas e
outras micoses (ALMEIDA, 2007) o que dificulta um diagnostico preciso e rapido.

A PCM possui um envolvimento pulmonar e cutaneo mais frequente, podendo
0 paciente queixar-se de insbnia, tosse, inapeténcia, febre, perda de peso, prurido,
ardor (GIOVANI et al., 2000). A radiografia do térax mostra um infiltrado nodular ou
intersticial com fibrose dos lobos pulmonares médio e inferior (ARCHENBACH et al.,
2002). Ha o aparecimento frequente de lesGes no labio, bochecha, lingua e assoalho
bucal, portanto, o conhecimento da PCM pelo cirurgido dentista pode auxiliar no
diagnéstico da infec¢do (CERRI et al., 1998).

O diagndstico pode ser feito através da biopsia das lesdes onde se visualiza
um granuloma com células gigantes e blastdsporos. Utilizam-se colorac6es Groccott-
Gomori (nitrato de prata metenamina) e acido periédico-Schiff para evidenciar o
fungo (BICALHO et al., 2001). O isolamento do fungo também pode ser realizado,
porém h& o inconveniente do fungo crescer lentamente e ser diagnosticado
tardiamente, em estagios mais avangados da doenca (ALMEIDA, 2007).

Métodos sorolégicos, como a Imunodifusdo, método adotado nos hospitais de
referéncia, ELISA e Western Blot (PUCCIA et al., 1986; COSTA et al., 2010), sao
utilizados no diagndéstico e no acompanhamento de pacientes com PCM em
tratamento (PUCCIA et al., 1986; DINIZ et al., 2002).

Inicialmente foi descrito por Fava-Netto (1961) o antigeno polissacaridico de
P. brasiliensis. Em seguida, foi introduzido o exoantigeno, antigeno bruto, solavel,
que contém antigenos glicoprotéicos de P. brasiliensis. Porém, as diferencas
existentes na producao do exoantigeno como meio de cultura, cepa do fungo, tempo
de incubacédo e quantidade do indculo dificultam a sua padronizacdo (CAMARGO et
al, 1988; TABORDA; CAMARGO, 1994; CAMARGO; FRANCO, 2000).

A glicoproteina de 43 kDa (gp43), componente do exoantigeno, é considerada
o principal e mais utilizado antigeno no imunodiagnostico da PCM (PUCCIA et al,
1986; MENDES-GIANINI et al, 1990, MARQUES DA SILVA et al., 2003) porém,

podem ocorrer reagbes cruzadas com outras micoses sistémicas causadas por
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Histoplasma capsulatum, Blastomyces dermatitidis e Coccidioides immitis
provavelmente devido a sua porcdo carboidrato (PUCCIA; TRAVASSOS, 1991,
BLOTTA et al., 1999; GIOVANI et al., 2000; BICALHO et al., 2001).

Na tentativa de produzir um antigeno homogéneo para utilizar em diferentes
testes e diferentes laboratorios, varios grupos tentaram clonar, expressar e purificar
a gp43 recombinante (TABA et al.,, 1989; CISALPINO et al., 1996) pois além da
facilidade em produzir esse antigeno em larga escala, essa proteina sem a porcao
carboidrato, contribuiria para reduzir a reatividade cruzada com outros patdégenos
(PUCCIA; TRAVASSOS, 1991).

A utilizacdo dos peptideos sintéticos no imunodiagndéstico da PCM também
constitui uma alternativa atraente. A selecdo de epitopos capazes de induzir uma
resposta humoral pode ser suficiente para deteccdo da PCM em testes imunolégicos
(CALDINI et al., 2012). Os peptideos sintéticos sdo desenhados a partir das
sequéncias de aminoacidos das proteinas potencialmente antigénicas e podem ser
produzidos em grandes quantidades com custo relativamente baixo. Portanto, séo
considerados reprodutiveis, confiaveis e econdmicos, ou seja, a sintese de
peptideos é vista como um grande potencial para obtencdo de antigenos Uteis nos
ensaios sorolégicos, especialmente o ELISA (GONZALES et al., 1997; FERRER et
al., 2003).

Apesar de a PCM ser uma doenca inflamatdria que responde a terapia com
anfotericina B, sulfadiazinicos e o grupo das drogas azélicas (MARTINEZ, 2004), a
erradicacdo do fungo nos tecidos é lenta e os doentes devem ser examinados
periodicamente para avaliar a regressdo dos sintomas e desaparecimento das
lesbes ativas (PALMEIRO et al., 2005).

Esse tratamento demorado ndo tem, muitas vezes, a adesdo dos pacientes o
que os torna mais susceptiveis a sequelas graves ou evolucdo a obito. Contudo, o
diagnostico dessa enfermidade é de extrema importancia assim como a aten¢ao dos
profissionais para as manifestacdes clinicas da PCM (MARTINEZ, 2004).

Devido a esses motivos somados com a SIDA e outras condicdes
imunossupressoras, tornou-se necessario o desenvolvimento urgente de novos
métodos de diagndésticos, mais econdmicos, rapidos, sensiveis e especificos para a
deteccdo da PCM e outras doencas sistémicas e oportunistas em humanos.
Imunoensaios como o ELISA séo passiveis de automacdo, mas podem apresentar

reatividade cruzada com outros patdgenos. Técnicas que envolvem o diagndstico
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molecular como a reacdo em cadeia da polimerase (PCR) seguida de hibridizacéao,
aumentam a deteccdo especifica de patdégenos e podem contribuir inclusive para
estudos epidemiolégicos de doencas de notificacdo ndo obrigatoria (TELLES E
MARTINS, 2011).

A PCR-ELISA é um método de imunodeteccdo que pode quantificar
diretamente o produto de PCR apds a imobilizacgdo de DNA biotinilado na
microplaca. Este método detecta acido nucléico no lugar da proteina pelo ELISA
convencional, é mais sensivel que PCR convencional, com menor tempo de analise
e baixo limite de deteccdo (DI PINTO et al., 2012; SUE et al., 2014). Portanto, a
PCR-ELISA elimina a etapa de eletroforese, apresenta a facilidade de o resultado
ser obtido por leitura por espectrofotometria (ZHANG et al., 2000).

A paracoccidioidomicose e a leishmaniose compartilham as mesmas regides
endémicas, além das lesbes de fossas nasais, orais e cutaneas serem bastante
semelhantes. Portanto, o diagnostico diferencial entre essas patologias é de grande
importancia (MENDES-GIANNINI et al.,, 2001). Casos de co-infecgcdo entre essas
duas patologias foram observados por Silveira e colaboradores (2006) quando
analisaram 836 amostras de cées positivos e negativos para leishmaniose
provenientes de Campo Grande-MS e 79,9% das amostras positivas para
leishmaniose foram positivas no ELISA com gp43. A resisténcia a infec¢éo por P.
brasiliensis e Leishmania esta associada a resposta imune do tipo Thl, portanto,
individuos com leishmaniose poderiam estar mais susceptiveis ao desenvolvimento
da paracoccidioidomicose (KASHINO et al., 2000; LEMESRE et al., 2005).
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2 OBJETIVOS

2.1. OBJETIVO GERAL

Desenvolver métodos para deteccdo da infeccdo por P. brasiliensis por meio
de ELISA baseado em antigenos recombinantes e sintéticos e PCR-ELISA e avaliar

a reatividade de soros positivos para leishmaniose com antigenos de P. brasiliensis.

2.2. OBJETIVOS ESPECIFICOS

e Avaliar a utilizacdo de gp43 recombinante e peptideos sintéticos baseados na
sequéncia da gp43 para deteccdo de anticorpos anti-P. brasiliensis.

e Padronizar a reacdo de PCR-ELISA para a deteccdo de P. brasiliensis em
escarro.

e Comparar a deteccao de P. brasiliensis em escarro por meio de nested-PCR e
PCR-ELISA.

e Avaliar a reatividade de soros humanos positivos e negativos para Leishmaniose

com gp43 recombinante e exoantigeno de P. brasiliensis.
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4 ARTIGOS CIENTIFICOS

DETECTION OF ANTIBODIES AGAINST PARACOCCIDIOIDES BRASILIENSIS
BY ELISA BASED ON RECOMBINANT GP43 AND SYNTHETIC PEPTIDES

ABSTRACT

Paracoccidioidomycosis is a systemic mycosis endemic in Latin America and the
eighth leading cause of death in Brazil. The aim of this study was evaluate the use of
recombinant gp43 (rGp43) and synthetic peptides based on gp43 sequence for
detection of antibodies against Paracoccidioides brasiliensis in serum samples
positive (n=20) and negative (n=22) by immunodiffusion test with P. brasiliensis
exoantigen. All of the samples positive by immunodiffusion were positive for rGp43
ELISA whereas 75% of samples were positive for synthetic peptide ELISA. The
samples negative by immunodiffusion test showed positivity for rGp43 and synthetic
peptide ELISA of 36.4% and 40.9%, respectively. These results suggest that rGp43
is a better antigen for detection of antibodies against P. brasiliensis than synthetic
peptide. The reactivity observed in ELISA based on rGp43 and synthetic peptide
when compared with immunodiffusion test probably is due to the higher sensitivity of
ELISA.

Key-Words: gp43, P. brasiliensis, serodiagnosis

INTRODUCTION

Paracoccidioidomycosis (PCM) is a systemic mycosis endemic in Latin
America caused by the thermodimorphic fungus Paracoccidioides brasiliensis [1]. The
infection probably occurs by inhalation of fungus propagules from soil [2] and the
chronic form of PCM, the most frequent [3], affects mainly male rural workers [4].

Although serological methods are frequently used for diagnosis of PCM, they
present limitations such as cross-reactivity with antigens from other pathogens and
lack of standardization and variability in antigen production [5].

The glycoprotein of 43 kDa (gp43) is the main antigen used in
immunodiagnostic of PCM [6], but cross reactivity can occur due to carbohydrate
epitopes [7]. The production of recombinant Gp43 in Escherichia coli, that is non-
glycosylated, can minimize cross-reactivity [8].

Synthetic peptides based on sequence of antigens can be used as synthetic
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antigens in immunodiagnostic of several infectious and parasitic diseases and offer
advantages such as low cost, high sensitivity and specificity [9, 10]. Therefore, the
objective of this study was to evaluate the use of recombinant and synthetic peptides
for detection of antibodies against P. brasiliensis in human serum samples.

MATERIAL AND METHODS

Prediction of the synthetic peptide sequences

The five aminoacid sequences of the synthetic peptides were predicted by
OptimumAntigen Design Program and the peptides were synthesized by Watsonbio,
Houston — TX (USA). The synthetic peptides were conjugated with Bovine serum
albumin before use in ELISA.

P. brasiliensis exoantigens and Immunodiffusion
Exoantigen was obtained from P. brasiliensis B-339 and used to
Immunodiffusion previously tested according Camargo et al (1988) [6].

Human serum samples

The human positive serum samples (n=20) for P. brasiliensis were collected
from patients of Londrina State University School Hospital, Cascavel and Foz do
Iguacu and the negative serum samples (n=22) for P. brasiliensis were collected from

students of the Londrina State University.

ELISA with rGp43 and synthetic peptides

Flat bottom microtiter polystyrene plate were coated with 10 pug/mL rGp43 or
160 ng/mL synthetic peptide in carbonate buffer (0.1 M, pH 9.6) at 4°C, overnight.
After washing with PBS-T (PBS with 0.05% Tween 20), the wells were blocked with
5% skim milk in PBS for 1 h at 25°C. The sera samples diluted 1:100 in PBS-1%
skim milk (100 uL/well) were incubated at 25°C for 1 h. After this, 100 pL/well anti-
human IgG-peroxidase conjugate (Sigma, St Louis, MO, USA) was added followed
by incubation for 1 h at 25°C, and 100 pL substrate-chromogen (H,O,/TMB) was
added for 15 min. The reaction was stopped by the addition of 4N H,SO4 (50 pl/well)
and the absorbance was measured in a Microplate Reader at 450 nm. All the

samples were analyzed in duplicate. A positive and a negative serum sample by
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immunodifusion test were used as controls. The samples with two-fold absorbance of

the negative control were considered positive.

RESULTS AND DISCUSSION

PCM diagnosis is performed by histopathological exam, mycological and
immunological methods [11]. However, none of the methods presently used is
sufficiently fast, cheap, sensitive or specific [12].

Production of antigens from P. brasiliensis culture is laborious, time
consuming and lacks reproducibility [7, 13, 14]. Recombinant and synthetic antigens
are attractive alternatives and have been used successfully for immunodiagnosis of
infectious and parasitic diseases [9, 15, 16].

The analysis of five peptides (P1, P2, P3, P4 and P5) based on gp43 by
ELISA showed reactivity of peptide P3, that was selected for further analysis of the

serum samples (Figure 1).
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Figure 1. Reactivity serum samples positive and negative to gp43 against five
synthetic peptides evaluated by ELISA.
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Table 1. Reactivity of serum samples to P. brasiliensis antigens evaluated by
immunodiffusion test and ELISA.

Immunodiffusion ELISA ELISA
(exoantigen) (rGp43) (synthetic
peptide)
n % n % n %
Positive 20 100 20 100 15 75
Negative 22 100 14 63.6 13 59.1

All the serum samples positive in immunodiffusion test were positive in ELISA
with rGp43, whereas 75% were positive in ELISA with synthetic peptide (Table 1).
The serum samples negative by immunodiffusion showed a positivity of 36.4 and
41.1% to rGp43 and synthetic peptide, respectively (Table 1).

The reactivity observed in ELISA with rGp43 and synthetic peptide in serum
samples negative by immunodiffusion probably is due to the high sensitivity of the
immunoenzymatic assay, and indicates PCM infection. Therefore, both antigens can
be useful for seroepidemiological studies.

The lower reactivity observed in ELISA with synthetic peptide when compared
to rGp43 probably is due to the higher number of epitopes present in the recombinant
protein. Despite the lower reactivity observed in ELISA with synthetic peptide, when
compared to rGp43, the use of this type of antigen is promising and addition of new
peptides could improve the assay. Therefore, actually we are searching for other
antigenic sequences in gp43 as well as in other P. brasiliensis antigens.

Peptides synthetic and/or recombinant antigen have been used in ELISA and
recombinant immunoblot assay (RIBA) for detection of human immunodeficiency
virus (HIV) and hepatitis C in hospital, blood donors and diagnosis laboratory [17, 18,
19]. The use of recombinant and synthetic peptides can be a valuable alternative for

the immunodiagnosis of PCM in humans.
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DETECTION OF PARACOCCIDIOIDES BRASILIENSIS IN SPUTUM BY PCR-
ELISA

ABSTRACT

Paracoccidioidomycosis caused by Paracoccidioides brasiliensis, is a systemic
mycosis endemic in several Latin American countries. The limitations of the
histological techniques, serological and culture lead to demand for more efficient
diagnostic methods. PCR-ELISA can be an alternative method for detection of P.
brasiliensis in biological samples. The aim of this study was evaluate the detection of
P. brasiliensis in sputum by PCR-ELISA. A sputum sample from a health individual
was inoculated with 10 to 10° yeast cells/mL of P. brasiliensis, the DNA was
extracted by HipurA extraction kit and was used in nested-PCR reaction. For PCR-
ELISA the products of second reaction were used for hybridization with the probe
and ELISA procedure. Two pair of primers (ITS4, ITS5; PbITSE, PbITSR) were used
for Nested-PCR and PCR-ELISA, that proved to be faster to purify, precise,
sensitivity and specificity to detect different concentration of fungal cells and can be
used for detection of P. brasiliensis cells in sputum even in low cells concentrations.
PCR-ELISA and Nested-PCR were able to detect a low quantity of P. brasiliensis
cells although the time of analysis of PCR-ELISA was reduced in relation a
conventional PCR. The analysis by PCR-ELISA of two sputum from patients with
paracoccidioidomycosis showed positive results, suggesting that this method can be
useful for detection of P. brasiliensis in clinical samples.

Key-Words: nested-PCR, Paracoccidioidomycosis, serodiagnosis

INTRODUCTION

Paracoccidioidomycosis (PCM), caused by Paracoccidioides brasiliensis and
P. lutzii, is a systemic mycosis endemic in most Latin American countries, especially
in Brazil [1, 2]. PCM affects mainly rural workers and the infection occurs probably by
inhalation of fungus propagules [3].

Despite being considered the eighth cause of death among infectious and
parasitic diseases in Brazil [4], fifth in Paran& State [5] and the first cause of death
among all systemic mycoses in immunocompetent patients [6], PCM is considered a
neglected disease and its impact on public health has not been quantified due to lack
of available data [7].

The diagnosis of this mycosis is usually performed by direct microscopic
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examination of biological samples such as sputum and skin or mucous membrane
biopsies. The diagnosis of PCM is based mainly in time consuming techniques such
as histopathological exams and mycological methods. Immunological methods are
also useful for PCM diagnosis but cross reactivity can occur with antigens from other
pathogens [3, 8, 9].

In the last decade, the detection of P. brasiliensis infection by molecular
methods such as polymerase chain reaction (PCR) has been increasing, providing
both high sensitivity and specificity rates [10]. However, molecular diagnosis of PCM
is not currently used in clinical routine.

PCR-ELISA, a combination of PCR and enzyme-lynked immunosorbent assay
is considered to be more sensitive than standard PCR and the result is obtained by
reading absorbance using a microplate reader [11, 12, 13].

The aim of this study was to evaluate the detection of P. brasiliensis in sputum
by PCR-ELISA.

MATERIALS AND METHODS

Sputum samples and DNA isolation

A sputum sample from a health individual, negative for P. brasiliensis in
Nested PCR, was spiked with 10 to 10° yeast cells of P. brasiliensis B-339. Sputum
samples were collected from two patients with paracocccidioidomycosis. DNA was
extracted using HiPurA Multi-Sample DNA Purification Kit (HiMedia Laboratories,

Mumbai, India) according to the manufacturer’s instructions.

Primers and probe design

Nested-PCR for the detection of P. brasiliensis DNA was carried out according
to Richini-Pereira and cols, using outer panfungal primers ITS4 and ITS5 and inner
primers Pb-ITSE and Pb-ITSR [14]. A 5'-biotin labeled internal oligonucleotide probe
was selected from P. brasiliensis DNA sequence according GenBank accession

number AY374339. Primers and probe sequences are described in Table 1.



37

Table 1. PCR primers and hybridization capture probe for Pb genes.

Oligonucleotide Sequence (5’-3’) Expected
product size
(bp)
ITS4 TCCTCCGCTTATTGATATGC 650
ITS5 GGAAGTAAAAGTCGTAACAACG
PbITSE GAGCTTTGACGTCTGAGACC 387
PbITSR AAGGGTGTCGATCGAGAGAG
Probe Biotin-TCCGAGCGTCATTTCAACCCTCAA -

DNA Amplification

DNA (25 ng) was used for PCR with outer panfungal primers in the first
reaction, amplified using 1 U of Taq polymerase (Invitrogen™, Carlsbad, California,
USA), 1.5 mM MgCl,, 0.5 uM of primers ITS4 and ITS5, and 0.25 mM of dNTP in a
total volume of 25 pL. The PCR conditions were: 95°C for 5 min; 35 cycles of 95 °C
for 30 sec, 60 °C for 30 sec, 72 °C for 45 sec, and 72 °C for 10 min. The reaction
mixture of the second round PCR was 1 U of Taq polymerase, 2.5 pl of the first PCR
product as template, 0.5 uM of Pb-ITSE and Pb-ITSR primers plus a mixture
contained 0.25 mM of digoxigenin-dUTP (PCR DIG Labeling Mix, Roche®)
performed as describe by the manufacturer’s, programmed as follows: 94 °C for 2
min; 35 cycles of 94 °C for 30 sec, 62 °C for 30 sec, 72 °C for 45 sec; and 72 °C for
10 min. All PCR reactions were run on Biocycler (Biosystems, Guelph, Ontario,
Canada). The final product of PCR in first reaction were a 650 bp fragment and
387 bp in the second reaction by electrophoresis on polyacrylamide gel 10% (w/v)
detected by silver staining method.

Detection of P. brasiliensis in sputum by PCR-ELISA

Biotin-labeled probe specific for P. brasiliensis were mixed with digoxigenin-
labelled PCR amplicons of the second reaction and hybridization solution, in final
concentration 7.5 pmol/mL. The hybridization mixture was applied in a microtitration

plate coated with streptavidin and incubated at 37 °C for 1 h. Hybrids were detected
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by anti-digoxigenin conjugated with horseradish peroxidase for 30 min at 37 °C. A 2-
2’-azino-bis[3-ethylbenzothiazoline-6-sulphonic acid] was used as substrate for 30
min at 37 ‘C with agitation and absence of light, and absorbance was measured at
405 nm using ELISA reader (Labsystems Multiskan EX). Three washes with PBS-
Tween 20 0.05% were done between each step. The samples with optical density
two-fold or more the negative control O.D (405 nm) were considered positive.

RESULTS AND DISCUSSION

Paracoccidioidomycosis is a systemic mycosis endemic in most Latin
American Countries and the diagnosis is performed mainly by histopathological exam
and mycological and immunological methods.

Molecular methods such as PCR are safe, sensitive and specific and could
improve the diagnosis of paracoccidioidomycosis [15, 16, 17].

In this study we evaluated the detection of P. brasiliensis in sputum samples
spiked with P. brasiliensis cells by Nested-PCR and PCR-ELISA. The Nested-PCR
was positive in samples spiked with 10 to 10* cells (Figure 1), although all samples
were positive by PCR-ELISA (Figure 2).

400 b

Figure 1. Detection of P. brasiliensis by Nested-PCR in sputum samples spiked with
10 to 10° cells of P. brasiliensis B-339. The Nested-PCR products were analyzed by
polyacrylamide gel 10% electrophoresis with silver nitrate staining. 1. Ladder 100 bp;
2. 10° cells/mL; 3. 10* cells/mL; 4. 103 cells; 5. 102 cells/mL; 6. 10 cells; 7. Blank.
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Figure 2. Detection of P. brasiliensis by PCR-ELISA in sputum samples spiked with
10 to 10° cells of P. brasiliensis B-339. The results are expressed as absorbance
values.

A PCR assay was used for detection of P. brasiliensis DNA in serum of mice
experimentally infected with P. brasiliensis and showed a limit of detection of 10 pg
[18]. Bialek et al. (2000) reported the detection of P. brasiliensis DNA by a nested
PCR in lung samples from mice experimentally infected with P. brasiliensis and the
limit of detection was 0.5 fg [19].

Studies have shown that antifungal therapies guided by PCR-based methods
are associated with lower mortality and decrease in antifungal treatment, with a
consequent reduction of treatment costs and toxic effects [20].

The results of this study suggest that PCR-ELISA can be useful for detection
of P. brasiliensis in clinical samples. To the best of our knowledge, this is the first

time that this technique is used for detection of P. brasiliensis.
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DETECTION OF ANTIBODIES AGAINST PARACOCCIDIOIDES BRASILIENSIS IN
INDIVIDUALS SEROPOSITIVE AND SERONEGATIVE FOR LEISHMANIASIS

ABSTRACT

Paracoccidioidomycosis is a systemic mycosis caused by the thermodimorfic fungus
Paracoccidioides brasiliensis and leishmaniasis is a parasitic disease caused by
protozoans of the genus Leishmania. Both diseases are endemic in Brazil and other
Latin American countries. The aim of this study was to evaluate antibodies against P.
brasiliensis in individuals seropositive samples from individuals seropositive and
negative for Leishmaniasis. The seropositive (n=14) and seronegative (n=39) were
analyzed by ELISA and immunodiffusion test using recombinant gp43 (rGp43) and P.
brasiliensis exoantigen, respectively. The serum samples positive and negative for
leishmaniasis showed positivity for rGp43 in ELISA of 64.3% and 53.8%,
respectively, and the difference was not significant (P>0.05). No serum sample
showed reactivity by immunodiffusion test using exoantigen. The low correlation
coefficient (r=0.1371) between reactivity against P. brasiliensis and Leishmania
antigens suggests that patients with leishmaniasis were co-infected with P.
brasiliensis.

Keywords: Paracoccidioidomycosis, gp43, Leishmania sp.

INTRODUCTION

Paracoccidioidomycosis (PCM) is a systemic disease caused by P.
brasiliensis, a thermodimorfic fungus described in the early twentieth century [1]
which is highly prevalent in Latin America and one of the most important causes of
mortality among systemic mycoses [2]. PCM affects mainly male rural workers,
causing granulomatous lesions in the lungs, spleen, liver, lymph nodes, skin and
mucous membranes [3-5].

PCM can be classified as PCM infection and PCM disease. PCM infection
affects apparently healthy individuals, of both sexes, which presents positive skin
tests to paracoccidioidin [4]. The cellular immune response is preserved and infection
can be detected by skin reaction and serological tests [6]. PCM disease can be
classified in acute form, with lymphadenopathy, hepatosplenomegaly, and in the
chronic form, the most frequent, that cause lesions primarily in the lungs with further
dissemination to other organs and tissues [7, 8].

The diagnosis of PCM can be performed by mycological, histopathological and
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immunological methods [9]. Although glycoprotein of 43 kDa is the main antigen used
for immunodiagnosis of PCM [10], the carbohydrate portion can cause cross-
reactivity with antigens of other pathogens. The cross-reactivity can be reduced by
using recombinant gp43 (rGp43) produced in Escherichia coli, because it is not
glycosylated [7, 11-13].

Leishmaniasis is a parasitic disease that occurs in overlapping regions of
Brazil and other Latin American countries [14]. The differential diagnosis of
paracoccidioidomycosis and leishmaniasis is very important because the cutaneous
lesions in both diseases are similar and cross-reactivity may occur in serological tests
[15-17].

In a previous study of our group we observed a significant higher reactivity
against P. brasiliensis antigens in dogs seropositive for leishmaniasis than in
seronegative ones [18]. Therefore, the aim of the present study was to evaluate the
presence of antibodies against P. brasiliensis in human serum samples positive and

negative for leshmaniasis.

MATERIAL AND METHODS

Serum samples

The serum samples positive (n=14) and negative (n=39) for leishmaniasis
were provided from Adolfo Lutz Institute located in Aragatuba, S&o Paulo State,
Brazil. The serum samples were analyzed by rapid test IT-LEISH (DiaMed IT-LEISH)

and indirect immunofluorescence (BioManguinhos).

Area of study

Aragatuba municipality (figure 1) and other 40 municipalities attended by
Adolfo Lutz Institute are located in S&o Paulo State, Southeast of Brazil. The climate
is humid subtropical with mean annual temperatures of 23°C and annual rainfall of
200 mm to 1100 mm. The rainy season is from October to March, and latosol red and

purple is the predominant solil type.
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Figure 1. Map showing location of Aragatuba municipality in S&o Paulo State,
Southeast Brazil.

Paracoccidioides brasiliensis antigens

The exoantigen was obtained from culture of P. brasiliensis B-339, as
described by Camargo et al. (1988) [19], and the recombinant gp43 antigen was
expressed, induced and purified as described by Assuncéo (2012) [20].

Immunodiffusion test
The immunodiffusiont test was performed as previously described by Eisele et
al. (2004) [21] and a serum sample from a patient with paracoccidioidomycosis was

used as positive control.

ELISA for anti-gp43 antibodies detection

Flat bottom microtiter polystyrene plates were coated with 100 pL rGp43 (10
pg/mL) in carbonate buffer (0.1 M, pH 9.6), overnight at 4°C. After washing with PBS-
T (PBS with 0.05% Tween 20), the wells were blocked with 5% skim milk in PBS for 1
h at room temperature. The serum samples were diluted 1:100 in PBS-1% skim milk
(100 pL/well), incubated at 25°C for 1 h and 100 pL/well of anti-human IgG-
peroxidase conjugate (Sigma, St Louis, MO, USA) were added and incubated for 1 h
at 25°C. Then, 100 pL of substrate-chromogen (H.O,/TMB) were added for 15 min
and the reaction was stopped with the addition of 4N H,SO4 (50 ul/well). The
absorbance was measured in a microplate reader at 450 nm. All the samples were
analyzed in duplicate. The positive and negative controls used were serum samples
positive and negative in immunodiffusion test. The serum samples with two-fold

absorbance of the negative control were considered positive.
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Statistical analysis
The statistical analysis was performed with the software Statistica 10.
Differences between the groups were compared by nonparametric chi-square test

and the difference was considered significant when P<0.05.

RESULTS AND DISCUSSION

In this study we evaluate antibodies against P. brasiliensis in human serum
samples positive and negative for leishmaniasis and observed reactivity against
rGp43 by ELISA of 64.3% and 53.8%, respectively. The difference was not
statistically significant and no reactivity was observed in immunodiffusion test (Table
1). Despite the high frequency of positivity in ELISA in both groups, the negativity in
immunodiffusion test suggests that individuals were infected by P. brasiliensis but not
developed disease [19].

Previously, our group demonstrated a higher positivity against P. brasiliensis
gp43 (79.9%) and exoantigen (12.7%) in dogs seropositive for leishmaniasis than in
seronegative ones (54.0% and 1.0%, respectively) [18]. In the present study,
individuals positive and negative for leishmaniasis showed no significant difference in
reactivity against rGp43 by ELISA, suggesting that the risk of infection by P.
brasiliensis is the same in both groups.

A seroepidemiological study conducted in Brazil with blood donors, showed a
positivity of 21% against native Gp43 by ELISA and a reduction to 12.3% after the
adsorption with L. amazonensis antigen, suggesting cross-reactivity [22]. Taking into
account that here, we used a rGp43 (non-glycosylated), the probability of cross-
reactivity is reduced. Additionally, the low correlation coefficient (Figure 2) between
reactivity against P. brasiliensis and Leishmania antigens reinforces that positivity for
both pathogens indicates co-infection and not cross-reactivity. In the previous study
with dogs a low correlation had been observed between reactivity against P.
brasiliensis and Leishmania antigens.

The positivity to P. brasiliensis was also not significantly in relation to gender
or age (Table 2), as reported in seroepidemiological studies of

paracoccidioidomycosis with humans and other animal species [23-25].
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Table 1. Reactivity against P. brasiliensis by ELISA (rGp43) and immunodiffusion

(exoantigen) in human serum samples positive and negative for Leishmaniasis.

Serum n ELISA Immunodiffusion
samples (rGp43) (exoantigen)
positive negative positive negative
n (%) n (%) n (%) n (%)
Positive for 14 9 (64.3) 5(35.7) 0 (0) 14 (100)
leishmaniasis
Negative for 39 21(53.8) 18(46.2) 0 (0) 39 (100)

leishmaniasis
Total 53 30(56.6) 23(43.4) 0 (0) 53 (100)

Table 2. Positivity to rGp43 in human serum samples evaluated by ELISA, according

to gender and age.

Gender ELISA Age
(rGp43) (mean)
%
Male 51.7 48.6 £ 22.5

Female 62.5 37.1+31.0
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Figure 2. Correlation between reactivity against rGp43 (absorbance) and Leishmania
antigens (reciprocal of immunofluorescence titers) in serum samples positive for
leishmaniasis.

The region of Aragatuba, located in Northwest Sao Paulo state, Brazil, shows
high rates of human leishmaniasis (33 cases and 2 deaths in 2014) according to
Brazilians’ Ministry of Health and the Information System for Notifiable Diseases
(SINAN) [26]. Franca and colleagues (2011) [27] examined 61 cases of patients with
PCM attended in Aracatuba Dental School and the disease was more frequent in
male rural workers. Sassi and colleagues (2004) [28] evaluated medical and hospital
records from Erasto Gaertner Hospital in Curitiba, Parana State and from
Universidade Estadual Paulista at Aracatuba during the period of 1972 to 2001
providing a profile of these patients. The 352 patients diagnosed with PCM showed a
mean age of 49.2 years and most were male rural workers.

Taking into account that Thl response is protective in leishmaniasis and
paracoccidioidomycosis [29, 30] and that this type of response is impaired in patients
with leishmaniasis, development of paracoccidioidomycosis could be favored in
individuals co-infected with P. brasiliensis. Therefore, more studies are necessary to
evaluate if patients with leishmaniasis co-infected with P. brasiliensis are more

susceptible to development of PCM disease.
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5 CONCLUSAO

O ELISA com gp43 recombinante (rGp43) e peptideo sintético permitiu a

deteccao de anticorpos contra P. brasiliensis em amostras de soros de pacientes

com paracoccidioidomicose, embora tenha ocorrido também reatividade em

amostras de individuos sem a doenca.

e O ELISA com rGp43 apresentou maior sensibilidade que o ELISA com peptideo
sintético.

e As técnicas de nested-PCR e PCR-ELISA, permitram a deteccdo de P.
brasiliensis em amostra de escarro.

e Amostras de soro humano positivas para Leishmaniose apresentaram reatividade

com gp43 recombinante, sugerindo a co-infecgcdo com P. brasiliensis.



