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• Podemos dividir em três grupos:
• Micoses sistêmicas causadas por fungos dimórficos.

• Paracoccidioides brasiliensis/ P. lutzii
• Histoplasma capasulatum var. capsulatum
• Coccidioides posadasii / C. immitis
• Blastomyces dermatitidis
• Talaromyces (Penicillium) marneffei
• Emergomyces spp.

• Micoses sistêmicas causadas por leveduras clássicas.
• Cryptococcus neoformans e C. gattii
• Candida albicans e outras espécies

• Micoses sistêmicas causas por bolores presentes no 
ambiente.
• Aspergillus spp.
• Fusarium spp.
• Mucor spp. e Rhizopus spp.



Fungos causadores de micoses sistêmicas apresentam uma 
série de características em comum

• Distribuição geográfica definida

• Agentes são encontrados no solo e em dejetos de animais

• A principal porta de entrada são as vias aéreas superiores



Paracoccidioides spp.

P. restrepiensis – Colômbia – PS3
P. venezuelensis – Venezuela – PS4
P. americana – América do Sul – PS2
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A B S T R A C T

The use of molecular taxonomy for identifying recently diverged species has transformed the study of speciation
in fungi. The pathogenic fungus Paracoccidioides spp has been hypothesized to be composed of five phylogenetic
species, four of which compose the brasiliensis species complex. Nuclear gene genealogies support this divergence
scenario, but mitochondrial loci do not; while all species from the brasiliensis complex are differentiated at
nuclear coding loci, they are not at mitochondrial loci. We addressed the source of this incongruity using 11
previously published gene fragments, 10 newly-sequenced nuclear non-coding loci, and 10 microsatellites. We
hypothesized and further demonstrated that the mito-nuclear incongruence in the brasiliensis species complex
results from interspecific hybridization and mitochondrial introgression, a common phenomenon in eukaryotes.
Additional population genetic analyses revealed possible nuclear introgression but much less than that seen in
the mitochondrion. Our results are consistent with a divergence scenario of secondary contact and subsequent
mitochondrial introgression despite the continued persistence of species boundaries. We also suggest that yeast
morphology slightly—but significantly—differs across all five Paracoccidioides species and propose to elevate
four of these phylogenetic species to formally described taxonomic species.

1. Introduction

Identifying fungi species is a challenging task. Several approaches
have proposed using morphology, reproductive isolation (e.g., Ajello
and Cheng (1967), Bao et al., 2004, Liti et al., 2006, Naumov, 1996), or
genetic divergence (e.g., Burt et al., 1997; Dettman et al., 2003a;
Dettman et al., 2003b; Hughes et al., 2009) to recognize species
boundaries. Currently, the most widely used of these approaches, the
use of genetic divergence as a proxy of isolation employs molecular
traits to delimit species boundaries by identifying reciprocally mono-
phyletic groups following the phylogenetic species concept (PSC; Taylor
et al., 2003). The PSC has transformed the study of fungal speciation
resulting in the identification of previously unrecognized microbial
lineages (Beheregaray and Caccone, 2007).

The application of the PSC has replaced species identification based
solely on morphology (Taylor et al., 2003; Sites and Marshall, 2003).
Both of these approaches however, have shortcomings (reviewed in
Dettman et al., 2003a, 2003b; Sukumaran and Knowles, 2017). An in-
tegrative approach is thus required to overcome the limitations of

individual frameworks (Frantz et al., 2009; Sites and Marshall, 2003;
Cadena et al., 2017). For example, coupling molecular data with mor-
phological characterizations and population genetic analyses can reveal
genetic discontinuities. Species that differ morphologically are more
likely to have completed the speciation process than species that are
identical (Taylor et al., 2006; Uyeda et al., 2011; Restrepo et al., 2014).
Similarly, identifying gene flow between nascent species can explain
why the PSC expectations, such as reciprocal, monophyly are not al-
ways fulfilled, even in ‘good species’. In this integrative approach, the
phylogenetic framework reveals the existence of potentially isolated
groups. Phenotypic differences between the species can then be in-
corporated into taxonomical descriptions. Finally, population genetic
approaches determine whether or not cryptic species have had the
chance to interbreed, exchange genes, and possibly even fuse into a
single lineage. In addition to revealing species boundaries, this com-
bined approach can also illuminate processes by which species have
diverged and uncover the evolutionary dynamics of morphological
evolution (Taylor et al., 2000).

The order Onygenales contains several of the most prevalent fungal
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Coccidioides spp.



Histoplasma capsulatum





Diagnóstico Laboratorial
Microbiológico e Imunológico 

• Visualização direta
• Cultura
• Histológico

• Pesquisa de antígenos e anticorpos



Hipóteses Diagnósticas
com base no quadro clínico

• Sífilis..... 



Paracoccidioidomicose



FORMA DE LEVEDURA       FORMA DE BOLOR

35-37ºC 25-27ºC

Dimorfismo térmico



ISOLAMENTO
Características Macro/Microscópicas a TA



ISOLAMENTO 
Características Macro/Microscópicas a 37o C



CLASSIFICAÇÃO CLÍNICA (Medellín, 1986)

PCM infecção

(PB micose oligossintomática)

Aguda (forma PCM juvenil)

Moderada

Grave

PCM crônica (forma do adulto)

Leve

Moderada              Unifocal

Grave                    Multifocal

Sequelar



Paracoccidioidomicose Juvenil
ØInalação do fungo: doença 

em poucas semanas.

ØIndivíduos mais jovens até 
terceira década de vida. 

ØSem diferença entre homens 
e mulheres.

ØSistema fagocítico-
mononuclear.

Ø Adenomegalia generalizada (com 
possível supuração), febre, 
emagrecimento.

Ø Pode acometer supra-renal e ossos.
Ø Envolvimento pulmonar é incomum.

Ø Acometimento intestinal: diarréia e 
síndrome de má absorção 

Ø Icterícia obstrutiva

Ø Paracoccidioidina negativa.  

Ø Sorologia positiva (ID + e CIEF + 
com títulos mais altos).







Paracoccidioidomicose do Adulto
ØSexo masculino (8-15 H: 1 M), após a quarta década de vida. 

ØSe manifesta anos após o contato com o agente.

Ø Insidiosa.

ØPulmões são os órgãos mais acometidos.
ØMucosa oral (estomatite moriforme) e do trato respiratório são comuns.
ØOutros órgãos: supra-renal, ossos, pele, SNC.

ØAssociação com tuberculose pulmonar em~10 % dos casos. 

ØParacoccidioidina pode ser + em casos leves; sorologia positiva (ID + e 
CIEF +)













PCM do ADULTO no PULMÃO

ØComum.
ØEvolução crônica.
ØDispnéia, tosse com expectoração mucóide.
ØAcometimento de padrão obstrutivo, misto ou 

restritivo.
ØRX: “Asa de borboleta”.







PCM SEQUELAR
A cura da doença evolui com fibrose cicatricial:

üPulmões: hiper-insuflação, bolhas, bronquiectasias e fibrose. Insuficiência respiratória de 
gravidade variável.

üMicrostomia.

üDoença de Addison.
üEstenose de traquéia.
üSíndrome de má-absorção.
üSequelas neurológicas.



PCM SEQUELAR



RESUMO: FORMAS CLÍNICAS

Forma juvenil

• Faixa etária: até terceira década de 
vida.

• 1 homem: 1 mulher.

• História de semanas a poucos meses.

• Acomete órgãos do sistema retículo-
endotelial

Febre e emagrecimento. (diferencial 
com doença linfo-proliferativa).

• Lesões mucosas são pouco 
freqüentes.

• Geralmente não há acometimento 
pulmonar.

Forma do adulto

• Faixa etária: quarta década de vida.

• 8 – 15 homens: 1 mulher.

• História arrastada de meses a anos, 
principalmente com relação aos sintomas 
respiratórios.

Geralmente não há queixa de febre. 
Emagrecimento não é queixa importante.

• Diferencial com tuberculose pulmonar.      
10 % PB micose pulmonar com TB pulmonar.

• Pulmão e mucosa oral são os sítios de 
acometimento mais comuns.



DIAGNÓSTICO

üIsolamento do agente etiológico:
§ Pesquisa direta em material biológico – escarro, raspado de lesões de 

pele e mucosa.
§ Cultura.

ü Biópsia e exame anátomo-patológico.

üExames de imagem.

üSorologia: ID, CIEF, FC, Elisa, Imunoblotting.



Isolamento
• A cultura permite a verificação de formas micelianas e de leveduras

dependendo da temperatura empregada.

• Inóculo do material clínico em ágar Sabouraud dextrose contendo 
ciclohexamida.

• Fungo de crescimento lento (25 – 28º C), sendo necessário esperar até 4 
semanas. 

• A transformação de bolor para levedura é necessária.



Exame direto
• Material processado com 10% de KOH 

– Exame direto

• Células leveduriformes de 2 a 40 até 60 
µm, de parede birrefringente, com três ou 
mais brotamentos, que se ligam à célula 
mãe por base estreita.



Características Macro/Microscópicas a 25o C

• Colônias brancas lisas, 
produzindo micélio aéreo curto.

• Microscopicamente observa-se 
hifas septadas, poucos conídios, 
alguns clamidoconídios.



Características Macro/Microscópicas a 37o C

• Colônias cerebriformes e brilhantes.

• Microscopicamente observa-se células 
arredondadas, com brotamentos, 
semelhantes às estruturas verificadas 
em parasitismo.



Histologia
• Permanece umas das mais importantes ferramentas de 

diagnóstico na micologia.
• Rápida, baixo custo e capaz de identificar o agente infeccioso.

• Colorações utilizadas
• GMS (Gomori methenamine silver)
• H&E (hematoxylin and eosin)



Histológico – Prata
• Prata

• Parede celular marrom para 
preto com um fundo 
esverdeado.



Histológico – H&E



Sorologia
• Importante no auxílio ao diagnóstico e no acompanhamento do 

tratamento clínico.

• Reação de precipitação em gel de agarose
• Imunodifusão dupla e contraimunoeletroforese

• Reação de fixação de complemento .

• ELISA, Western blot e Dot Blot.
• Imunofluorescência.



antibody and antigen, with formation of the precipitation lines
after around one hour. For the CIE, the glass slides were covered
with 1% buffered agarose gel (pH 8.2) and two parallel rows of
wells were punched in the gel. The patient’s serum samples and
positive control were applied to the anodic side and the antigens to
the cathodic side of the slides. All sera were diluted two-fold in
0.9% saline and were tested from the undiluted sample. After
electrophoresis, the slides were washed in 0.9% saline, dried and
stained with Coomassie Brilliant Blue R. The differences in the
protocols used by each center are detailed in Table 1.

Scores and definition of discordances among the
reference centers

All centers provided, as requested, 30 sera of PCM patients
from their repository, collected within the last five years. These
sera were then assayed blindly with regard to their titers by the
other 5 centers. For this, the centers were randomly assigned A to
F and the sera were numbered 1 to 30 by three of the authors
(GMBDN, CPT, GB) who did not participate in the serological
assays. To allow comparison among the centers’ results, titers were
transformed in scores ranging from 0 (negative) to 3 (high titers)
according to each center’s criteria as described in Table 2. Scores
of the sera provided for this study ranged from 1 to 3, with score 1
corresponding to healing titers, and scores 2 and 3 corresponding
to active disease with, respectively, low and high titers.

Each center’s set of sera was assayed by the other five centers.
The results from the donor center, arbitrarily defined as the
reference score for their own sera, were then compared with the
results of the other five centers. Discordance was defined as a
different score, which could be minor, i.e., without a putative
clinical consequence for the patient, or major, when the

discordance could potentially lead to conflicting decisions regard-
ing the patient’s treatment. Minor discordances were between (a)
scores 0 and 1: in both cases, either a negative serological result, or
a low (healing) titer, would suggest inactive disease and both, in
association with clinical and other data, eventually indicate
treatment cessation; or (b) scores 2 and 3, both of which are
associated with active disease. Major discordances were between
scores 2 and 0 or 1, and between 3 and 0 or 1, which, when
associated with proper clinical and other laboratorial data, may
have led to a different treatment of the patient. Comparisons
among laboratories were done using the Chi-square and Fischer
exact test. Differences were considered significant when p,0.05.

Results and Discussion

All centers exhibited a surprisingly high rate of ‘‘major’’
discordances when the scores given by each center to the sera
provided by the other 5 centers were compared with the
‘‘reference’’ scores (Table 3). There was some variability in the
rate of discordances among the centers, ranging from 22 (15%) to
45 (30%) ‘‘major’’ discordant scores out of 150 scores given, and a
mean number of discordant scores of 31 (20%). In fact, the rates of
discordances differed significantly among the centers (p = .0007,
Chi-square). Minor discordances were also highly frequent,
ranging from 16 to 52 out of 150 scores given and a mean of 36
(24%) (Table S1).

Analysis of the performance using the scores given by one center
to their own sera (reference score) and comparing them to the
scores given to their sera by the remaining five other centers,
showed a high rate of major discordances as well (Table 4). For
example, 15 out of the 30 (50%) center A’s reference scores were
discordant with at least one of the remaining centers’ scores, and,

Table 1. Details of the protocols used in the serological assays for paracoccidioidomycosis from the 6 reference centers.

Laboratory
Type of
reaction

Duration of
reaction Type of buffer

Time of washing
in saline

P. brasiliensis isolate(s)
used for Ag preparation

Type of Ag/time of
growth in culture

IMTSP CIE1 90 m Veronal3 48 h IMTSP113/B339/IMTSP135 Crude filtrate/10 days

FMRPUSP CIE 60 m TEB4 24 h Pb18/B339/BAT/BOAS Sonicated/15 days

UNESP CIE 90 m Veronal 12 h B339 Crude filtrate/10 days

LEPAC IDD2 24 h Distilled water 24 h B339 Crude filtrate/7 days

IALSP IDD 48 h Distilled water 24 h B339 Crude filtrate/10 days

UNIFESP IDD 24 h Distilled water 24 h B339 Crude filtrate/10 days

1) Counterimmunoelectrophoresis.
2) Double Immunodiffusion.
3) Veronal buffer;
4) Tris- Borate-EDTA buffer.
doi:10.1371/journal.pntd.0003174.t001

Table 2. Transformation of serological titers of the patients’ sera into scores according to the criteria of each reference center.

Scores

0 1 2 3

Centers Negative Healing titers (inative disease) Low titers (active disease) High titers (active disease)

A, D, E _ 1:1 to 1:2 1:4 to 1:16 $1:32

B, F _ 1:1 to 1:4 1:8 to 1:32 $1:64

C _ 1:1 to1:16 1:32 to 1:64 $1:128

doi:10.1371/journal.pntd.0003174.t002

High Variability in Serological Diagnosis of Paracoccidioidomycosis
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Abstract

Background: Serological tests have long been established as rapid, simple and inexpensive tools for the diagnosis and
follow-up of PCM. However, different protocols and antigen preparations are used and the few attempts to standardize the
routine serological methods have not succeeded.

Methodology/Principal findings: We compared the performance of six Brazilian reference centers for serological diagnosis
of PCM. Each center provided 30 sera of PCM patients, with positive high, intermediate and low titers, which were defined
as the ‘‘reference’’ titers. Each center then applied its own antigen preparation and serological routine test, either
semiquantitative double immunodifusion or counterimmmunoelectrophoresis, in the 150 sera from the other five centers
blindly as regard to the ‘‘reference’’ titers. Titers were transformed into scores: 0 (negative), 1 (healing titers), 2 (active
disease, low titers) and 3 (active disease, high titers) according to each center’s criteria. Major discordances were considered
between scores indicating active disease and scores indicating negative or healing titers; such discordance when associated
with proper clinical and other laboratorial data, may correspond to different approaches to the patient’s treatment.
Surprisingly, all centers exhibited a high rate of ‘‘major’’ discordances with a mean of 31 (20%) discordant scores.
Alternatively, when the scores given by one center to their own sera were compared with the scores given to their sera by
the remaining five other centers, a high rate of major discordances was also found, with a mean number of 14.8 sera in 30
presenting a discordance with at least one other center. The data also suggest that centers that used CIE and pool of
isolates for antigen preparation performed better.

Conclusion: There are inconsistencies among the laboratories that are strong enough to result in conflicting information
regarding the patients’ treatment. Renewed efforts should be promoted to improve standardization of the serological
diagnosis of PCM.
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Introduction

Paracoccidioidomycosis (PCM) is a neglected systemic
fungal infection prevalent mostly in South America. Despite
the significant progress in several areas of knowledge since it
was described by Adolpho Lutz, in 1908, it still shows high
rates of morbidity and mortality and low visibility [1]. In rural
areas of Brazil there are approximately four new cases per

million inhabitants, making it the third cause of death from
chronic infections, with 1.65 cases per million [2].

The gold standard of PCM diagnosis is the visualization of yeast
cells with typical multiple budding aspect in a clinical sample or
isolation of the fungus in culture medium [3]. The latter has either
low sensitivity when samples obtained from non-sterile sites (e.g.,
sputum) are used, or is more sensitive in sterile, deep-seated site
samples, which, however, are not frequently available. In addition,
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Reação de hipersensibilidade tardia

• Antígeno de Fava Netto (1961) x gp43

• Não tem valor diagnóstico
• Útil para detectar áreas endêmicas
• Pode ser utilizada para avaliar a imunidade celular. Nos casos 

graves, quando negativa, sugere prognóstico desfavorável



Intradermorreação



Testes moleculares
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a  b s t  r a c  t

The diagnosis  of endemic  and invasive  fungal disease remains challenging. Molecular  techniques  for
identification of fungi  now  play  a  significant and  growing  role  in clinical mycology  and offer  distinct
advantages  as  they  are  faster,  more sensitive  and  more specific.  The aim of this  mini-review is  to provide
an overview  of the  state of the  art of molecular diagnosis  of endemic and  invasive  fungal  diseases,  and to
emphasize  the  challenges  and  current  need  for  standardization  of the  different methods.  The  European
Aspergillus  PCR  Initiative  (EAPCRI) has made significant progress in  developing a  standard for  Aspergillus
polymerase  chain  reaction (PCR),  but  recognizes that  the  process  will not  be  finished  until clinical  utility
has  been established  in formal and  extensive clinical  trials. Similar efforts  should  be  implemented  for
the  diagnosis  of the  other  mycoses  in order to fully  validate  the  current  methods or  reinforce the need
to design  new  ones.

This manuscript  is part of the  series  of works  presented at the  “V  International  Workshop: Molecular
genetic approaches  to the  study  of human pathogenic  fungi”  (Oaxaca, Mexico, 2012).

©  2013  Revista Iberoamericana de  Micología.  Published  by  Elsevier España, S.L. All  rights  reserved.

Diagnóstico  molecular  de las  micosis  endémicas  e invasivas:  avances  y retos

Palabras clave:
Micosis endémicas
Micosis invasivas
Reacción en cadena de la  polimerasa
Diagnóstico molecular
Estandarización

r e  s  u m  e  n

El diagnóstico de  las micosis  endémicas  e invasivas  continúa  siendo  difícil.  Hoy día,  las técnicas  mole-
culares  para la  identificación  de  los  hongos  desempeñan  un papel  importante  y cada  vez mayor  en  la
micología  clínica ya  que  ofrecen  diversas ventajas,  como  su  mayor  rapidez, sensibilidad y especificidad.
El objetivo de esta revisión  es ofrecer una  visión de  conjunto  de  las  técnicas  moleculares  más  recientes
para el  diagnóstico de  las  micosis  endémicas  e invasivas,  y  destacar  los  retos y  la necesidad  actual  de
estandarizar  los diferentes  métodos.  El grupo EAPCRI  ha  contribuido  con  avances muy significativos  al
desarrollo  y  estandarización  de  las  técnicas  de  reacción  en  cadena  de la  polimerasa  para el diagnóstico de
aspergilosis, y  reconoce  que  este  proceso  no estará terminado  hasta que  se establezca  la utilidad  clínica
mediante ensayos  clínicos,  efectuados  a gran escala y prolongados. Se precisan  esfuerzos  similares para
implementar  las  técnicas  moleculares  de  diagnóstico  de  otras  micosis  con  el objetivo  de  validar  por
completo  los métodos  actuales o reforzar  la  necesidad  de  formular  nuevos  métodos.

Este  artículo forma  parte de  una serie de  estudios  presentados en  el  «V  International  Workshop:
Molecular  genetic  approaches to  the  study  of human  pathogenic  fungi»  (Oaxaca,  México,  2012).

© 2013  Revista  Iberoamericana  de  Micología. Publicado  por  Elsevier  España, S.L. Todos los  derechos
reservados.

Endemic mycoses, candidiasis, aspergillosis, and other inva-
sive fungal diseases (IFDs) continue to be significant sources of
morbidity and mortality in immunocompromised and critically
ill patients. Many studies indicate that delayed or inaccurate

E-mail addresses: bgomez@cib.org.co, beatrizlgomez@hotmail.com

diagnosis and treatment are major causes of poor outcomes in
these patients.15,17,48,50 The diagnosis of endemic and IFDs remains
challenging. Current fungal diagnostic techniques include tradi-
tional techniques, namely direct examination, culture, histology,
antigen and antibody detection, but  they have some limited sensi-
tivity/specificity and incur significant delays in diagnosis. Current
culture-based diagnostic tools continue to be the “gold standard”

1130-1406/$ – see front matter © 2013 Revista Iberoamericana de Micología. Published by Elsevier España, S.L. All rights reserved.
http://dx.doi.org/10.1016/j.riam.2013.09.009
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ESPECTROMETRIA DE 
MASSA MALDI-TOF

MALDI - "Matrix Assisted Laser Desorption/Ionization”
TOF –”Time of Flight”



MALDI-TOF
etapas da técnica

A amostra a ser analisada é dissolvida em uma matriz, geralmelnte um ácido orgânico,
promovendo a protonação (próton [H+] liga-se a um átomo, uma molécula ou um íon).



Na próxima etapa, o solvente é evaporado, resultando em uma solução sólido-sólido
que é depositada sobre a superfície da sonda e em seguida a mistura é submetida a
laser de UV, que conduz à volatização.

Assim um gás com moléculas ionizadas é gerado, sendo esta a condição básica para
análise de moléculas por espectrometria de massas.

MALDI-TOF
etapas da técnica



Procedural overview

Since MALDI-TOF MS is a very sensitive technique, only a
small amount of microbial biomass is required for analysis
(for bacteria 104 to 106 CFU). To identify a microorganism,
the sample is mixed with 1 μL of matrix solution and placed
on the steel surface of the target plate to dry. The matrix
solution (cinnamic acid or a benzoic acid derivate) co-
crystallizes with the sample on the target plate (Fig. 2). A
typical target plate can hold between 16 and 384 samples.
The loaded target plate is inserted into the machine where it
is then transported to the measuring chamber. Within the

mass spectrometer, a high vacuum has to be continuously
maintained. However, upon insertion of the loaded target
plate, air is introduced into the system and the vacuum must
be reestablished before sample analysis can be performed.
Once a sufficient vacuum has been created, the individual
samples are exposed to short laser pulses. The laser’s energy
vaporizes the microorganism together with the matrix, lead-
ing to ionization of the (ribosomal) proteins. An electromag-
netic field, created by a potential of about 20 kV, accelerates
the ions before they enter the flight tube. The time of flight
(TOF) of the analytes to reach the detector at the end of the
flight tube is precisely measured. The degree of ionization as

Linear flight tube 

Accelerating
electrodes

Drift path 

Detector

Sample tray 

Electric
field

Focusing lens

Analyte

Focusing
lens

To
mass spectrometer

+ +
+

+
+

++ ++
++

+

Sample tray 

Cations

Matrix ions Laser beam

Analyte/ matrix
complex

Fig. 1 Principle of MALDI-TOF MS identification of bacteria and
yeast in schematic diagram. Laser impact causes thermal desorption of
(ribosomal) proteins of bacteria/yeast embedded in matrix material and
applied to the target plate (analytes shown as red, light blue, and
orange spheres, the matrix is given as green spheres). In an electric

field, ions are accelerated according to their mass and electric charge.
The drift path allows further separation and leads to measurable differ-
ences in time of flight of the desorbed particles that are detected on top
of the vacuum tube. From the time of flight, the exact mass of the
polypeptides can be calculated
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Fig. 2 Subcultured colonies are applied on a clean target (a). Samples
are overlaid with matrix solution and air dried (b). Measurement in the
MALDI-TOF MS is conducted (c); an analyte-specific mass spectrum

is obtained (d); analyte identification through automatic matching of
the generated mass spectrum with spectra in the database (e)
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MALDI TOF



Análise do resultado

well as the mass of the proteins determines their individual
TOF. Based on this TOF information, a characteristic spec-
trum is recorded and constitutes a specific sample fingerprint,
which is unique for a given species.

For species level identification, the size range generally
used is between 2 and 20 kDa as it was found to be very
stable and with a strong signal to noise ratio. Interestingly, this
size range is dominated by ribosomal proteins which ionize
well, provide accurate spectra, and are only minimally influ-
enced by microbial growth conditions (Fig. 3). The computer
software automatically compares the collected spectra with a
reference databank containing a wide variety of medically
relevant isolates (Fig. 4). The measured spectra are subject
to method-inherent noise and therefore, will never be exactly
identical for an individual isolate. The software which com-
pares the spectra generates a numerical value (score value)
based on the similarities between the observed and stored data
sets (Fig. 4). This score value provides information about the
validity of the identification. A score value above 2.0 is
generally considered to be a valid species level identification.
Values between 2.0 and 1.7 represent reliable genus level
identifications. Furthermore, the software displays additional
results next to the best match for plausibility checks (Fig. 4).
Current algorithms allow the entire computational analysis to
be performed in near real time (Jarman et al. 2000; Sauer et al.
2008). Therefore, if only one sample is to be measured, it can
be processed in 5–7 min and provides a species level identifi-
cation. If a target plate containing 96 isolates is used, results
can be obtained in about 1 h starting from the time-point the
first sample is loaded on the plate.

After the analysis process in the MALDI-TOF MS, the
used target plate is removed from the machine. Disposable

target plates can be discarded in the regular laboratory waste
while reusable versions are cleansed for further use. Most
recommended cleaning procedures start with treating the plate
with ethanol and TCA solutions and include mechanical
cleansing steps. In our hands, a quick cleaning protocol with
5 min of 70% ethanol and subsequent mechanical cleaning
with detergent and cloth is sufficient for regular workup and
produces significantly less chemical waste (own validated
protocol). Further, the more aggressive cleaning protocols
can be performed on a weekly basis (own validated protocol).

Use of MALDI-TOF MS in microbiological diagnostics
—identification and differentiation of bacterial
and fungal isolates grown on agar plates

The main goal of microbiological diagnostics is to identify the
causative agents of infectious diseases such as bacteria, fungi,
and parasites. Classically, microbiological diagnostics is based
on microscopy of specimens and culturing on media, which
may also include antimicrobial susceptibility testing. For more
than 50 years, differentiation of bacteria and fungi has mainly
been accomplished through microscopy and analyzing meta-
bolic traits using biochemical reaction profiles. Studies have
evaluated the potential of MALDI-TOF MS to perform these
identification procedures. It could be demonstrated that
MALDI-TOF MS and conventional biochemical differentia-
tion methods are both highly accurate for the identification of
isolated subcultured bacteria and yeast.

A retrospective study of 1,116 clinical isolates comparing
MALDI-TOF MS with conventional biochemical testing
systems showed correct species identification of bacteria in
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Fig. 3 MALDI-TOF mass spec-
trum of Enterococcus faecium.
The measured range of 3,000 to
11,000 Da is displayed. The
characteristic mass peaks are
predominantly ribosomal pro-
teins. Subsequently, the inte-
grated MALDI software matches
the pattern with entries of a
database
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95.2% of the cases (Eigner et al. 2009). In a similar prospective
study including 1,660 bacterial isolates from 109 different
species, 84.1% were correctly identified by MALDI-TOF MS
at the species level (Seng et al. 2009). At the time, missing
database entries were at fault for the majority of unsuccessfully
identified samples. Our validation studies with the Bruker
Daltonik (Bremen, Germany) MALDI-TOF MS system have
also confirmed the validity of the system. The mass spectrom-
etry results have been compared with those achieved by bio-
chemical identification systems (Phoenix, Becton Dickinson,
Heidelberg, Germany; and API, bioMérieux, Nürtingen,
Germany). In the case of discrepancies, 16S-rDNA/28S-rDNA
sequencing was performed (unpublished data). Out of 1,200
prospectively analyzed isolates, 93.5% of the identifications
were in accordance with the results achieved through biochem-
ical methods. The isolates included 370 Enterobacteriaceae,
300 nonfermenters, 110 other Gram-negatives, 320 Gram-
positives, and 100 yeast. When 16S-rDNA sequences were
used as the gold standard, biochemical differentiation was
superior in 3% of the cases whereas MALDI-TOF MS
provided a more accurate identification result in 3.5%
(unpublished data). In many cases where the MALDI-
TOF MS yielded no result, the relevant species informa-
tion was absent from the database. By now, most of the
clinically relevant organisms are included in the spectra
database and have nearly closed the diagnostic gap.

With the corresponding additions to the reference database,
the identification rate was almost 100% forNeisseria (Ilina et al.
2009; Ilina et al. 2008), Clostridia (Grosse-Herrenthey et al.
2008), Mycobacteria (Pignone et al. 2006), Salmonella
(Dieckmann et al. 2008), viridans group streptococci (Friedrichs
et al. 2007), Helicobacter pylori (Ilina et al. 2010), and Cam-
pylobacter (Martiny et al. 2011). The results were very similar
when comparing the MALDI-TOF MS system with bio-
chemical methods to identify Enterobacteriaceae, staph-
ylococci, and streptococci (Holler et al. 2011). The
MALDI-TOF MS showed advantages in the identifica-
tion of Gram-positive rods (Barbuddhe et al. 2008), anae-
robes, and some nonfermenters (Mellmann et al. 2008;
Vanlaere et al. 2008).

MALDI-TOF MS has also been used successfully by
several groups to differentiate yeast and fungi. Marklein et
al. proved that 96% out of 250 clinical Candida isolates
from 15 different species could be correctly identified by
MALDI-TOF MS (Marklein et al. 2009). Two prospective
studies looking at the identification of yeast showed com-
parably high results of identification (Bizzini et al. 2010;
van Veen et al. 2010). Far less data are available for
the differentiation of molds like Aspergillus sp., Penicillium
sp., Fusarium sp., and dermatophytes (Amiri-Eliasi and
Fenselau 2001;Fenselau and Demirev 2001; Erhard et al.
2008; Hettick et al. 2008b; Hettick et al. 2008a; Marinach-

Ranking Species Identification Score Value NCBI
Code

Fig. 4 Computer display of identification results after automatic com-
parison of the generated spectrum with the MALDI-TOF database. The
ten best matching entries are shown in a tabular form. The degree of

similarity to the reference spectrum is represented by a score value.
Identification results with score values above 2.0 are considered to be
correct for determination of the respective species
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Matrix-Assisted Laser Desorption Ionization–Time of Flight Mass
Spectrometry for Differentiation of the Dimorphic Fungal Species
Paracoccidioides brasiliensis and Paracoccidioides lutzii

João Nobrega de Almeida, Jr.,a,b Gilda M. B. Del Negro,b Rafaella C. Grenfell,c Monica S. M. Vidal,b Danilo Y. Thomaz,b

Dulce S. Y. de Figueiredo,b Eduardo Bagagli,d Luiz Juliano,c Gil Benardb

Central Laboratory Division–LIM03, Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo, São Paulo, Brazila; Laboratory of Medical Mycology–
LIM53, Hospital das Clínicas FMUSP, Instituto de Medicina Tropical, Universidade de São Paulo, São Paulo, Brazilb; Department of Biophysics, Escola Paulista Medicina,
Universidade Federal de São Paulo, São Paulo, Brazilc; Department of Microbiology and Immunology, Instituto de Biociências de Botucatu, Universidade Estadual Paulista
Júlio de Mesquita Filho, Botucatu, Brazild

Isolates of Paracoccidioides brasiliensis and Paracoccidioides lutzii, previously characterized by molecular techniques, were
identified for the first time by matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS).
All isolates were correctly identified, with log score values of >2.0. Thus, MALDI-TOF MS is a new tool for differentiating spe-
cies of the genus Paracoccidioides.

Two species of the genus Paracoccidioides are now considered
the causal agents of paracoccidioidomycosis (PCM) (1), the

most important systemic mycosis in nonimmunocompromised
hosts in Latin America (2, 3). Epidemiological surveys in areas
where the parasite is endemic suggest that !10 million people are
infected by these fungi (3). Paracoccidioides spp. have been recov-
ered from human clinical samples, soil, and tissues from certain
armadillo species, such as Dasypus novemcinctus (4).

Early observations from our group (5, 6) and others (C. J.
Fontes and A. P. Vicentini, unpublished data) have reported a lack
of reactivity to Paracoccidioides brasiliensis antigens in routine se-
rological assays by sera from PCM patients living in areas of Brazil
outside the southern and southeastern regions endemic for the
parasite. These observations suggest that fungi from different re-
gions endemic for the parasite might present significant antigenic
differences, and these differences have only recently been eluci-
dated. Multilocus phylogenetic analysis showed that P. brasilien-
sis, which was previously considered the single causal agent of
PCM, in fact comprises a complex of cryptic species (7, 8), one of
which was separated into a very divergent phylogenetic branch
and is currently being proposed as a new species, Paracoccidioides
lutzii sp. nov. (9). This new species appears to occur in the central,
southwestern, and northwestern regions of Brazil, but the ecology,
boundaries, and specific clinical aspects of infections related to P.
lutzii remain unclear (9). For example, a recent report identified a
P. lutzii-like isolate in a PCM patient who lived only in the south-
ern and southeastern areas endemic for the parasite, and the iden-
tification of this isolate required the utilization of molecular tech-
niques (10). Although molecular techniques are able to accurately
identify the two Paracoccidioides species, these methods are time-
consuming and labor-intensive.

Thus, only technically accessible routine species differentiation
can provide the proper tools to epidemiologists and clinicians to
address the unresolved issues of PCM. Matrix-assisted laser de-
sorption ionization–time of flight (MALDI-TOF) mass spectrom-
etry (MS) has been successfully applied in clinical laboratories
worldwide and has also provided a rapid and accurate alternative
methodology for fungal identification (11–13). The aim of this
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TABLE 1 Paracoccidioides strains and their identification by MALDI-
TOF mass spectrometry according to the newly created MSP library

Strain name Origin

Best match log score for main
spectra of:

P. brasiliensis Pb18 P. lutzii Pb01

P. brasiliensis
D03 Southeast Brazil 2.283 0.805
T15LN1 Southeast Brazil 2.502 0.949
Pb113 North Brazil 2.163 0.946
Pb339 Brazil 2.247 1.297
Pbdog South Brazil 2.483 1.512
Pb262 Southeast Brazil 2.368 1.953
Pb927 Uruguay 2.537 1.643
Pb03 Southeast Brazil 2.287 1.685
BACR Colombia 2.455 1.187
BAT Southeast Brazil 2.470 1.722
CNH Colombia 2.381 1.736
SMA Southeast Brazil 2.382 1.487
CA Colombia 2.114 0.718
DM Southeast Brazil 2.353 1.637
192 Southeast Brazil 2.362 1.327

P. lutzii
Pb8334 Central-West Brazil 1.452 2.107
1578 Central-West Brazil 1.936 2.641
Pb66 Central-West Brazil 1.556 2.590
EE1 Central-West Brazil 1.663 2.022
ED01 Central-West Brazil 1.722 2.419
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FIG 1 (A) Representative mass spectra (smoothed and baseline subtracted) from P. lutzii Pb01 (blue) and P. brasiliensis Pb18 (red) with potential species-specific
ion peaks retrieved from the main spectra peak list. The absolute intensities of the ions are shown on the y axis, and the masses (m/z) of the ions are shown on the
x axis. The m/z values represent the mass-to-charge ratio. Amplified images highlighting overlaying mass spectra of P. lutzii (blue) and P. brasiliensis (red) are
shown at 2 to 4 kDa (B), 4 to 6 kDa (C), 8 to 10 kDa (D), and 10 to 12 kDa (E).
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Histoplasmose

• Histoplasmose humana

Histoplasma capsulatum var. capsulatum

Histoplasma capsulatum var. duboisii

• Histoplasmose equina

Histoplasma capsulatum var. 

farciminosum – histoplasmose equina



Epidemiologia

• Potenciais locais de contato
Galinheiros
Pombais
Prédios urbanos habitados por 

morcegos ou pombos
Porões e sótãos
Grutas e Cavernas
Túneis e Minas abandonadas

O fungo cresce em solo rico em 
fezes de aves e morcegos

• H. capsulatum var. capsulatum
• Descrita em várias parte do mundo 

entretanto, maior incidência nas 
Américas em especial no vale dos rios 
Mississippi e Ohio

• H. capsulatum var. duboisii
• Casos são relatados na África e na Europa



Atividades com significativo risco de infecção 
pelo H. capsulatum

- Geólogos
- Arqueólogos
- Veterinários
- Excursionistas
- Escoteiros

- Animais (cão, gato, cavalo, gado)

-População de grandes cidades como São Paulo?



LeveduraMicélio



Doença em humanos   

ØInalação de conídios/micélio em leveduras ® pulmões ®
macrófago alveolar/CD18 

ØSobrevive no interior dos macrófagos / Escape ® multiplicação 

ØDisseminação ® Linfonodos hilares e mediastinais ®
disseminação hematogênica para SRE 

HISTOPLASMOSE



HISTOPLASMOSE

Quadro Clínico:

No indivíduo aparentemente sem doença associada:

Primo-infecção assintomática

Infecção pulmonar aguda

Pacientes com DPOC – forma pulmonar crônica

üNo paciente imunodeprimido:

FORMA DISSEMINADA PROGRESSIVA!!!!!!!!



ü Sintomas inespecíficos autolimitada – 2 a 6 semanas

ü RX infiltrado intersticiaL, nódulos, adenomegalia, derrame pleural

ü Provas sorológicas - maior positividade entre 2o e 3o mês

ü Histoplasmina positiva

Infecção pulmonar aguda



HISTOPLASMOSE

Forma pulmonar crônica

! Sexo masculino, acima de 50 anos, DPOC

! Mimetiza a reativação de tuberculose

! Alteração radiológica: 90% infiltrado apical bilateral
disseminação a lobos inferiores
formação de cavidades

! Se não tratada - hipoxemia progressiva
fibrose

dispnéia
infecções bacterianas
cor pulmonale



HISTOPLASMOSE

Infecção disseminada aguda

Ø Hepatoesplenomegalia, adenomegalias generalizadas, pancitopenia, 
lesões cutâneas polimorfas

Ø Meningoencefalite (< 20%)

Ø Raio X de tórax - infiltrado micronodular e adenopatias hilares

Infecção subaguda

Ø Evolução prolongada

Ø Deterioração lenta do estado geral



HISTOPLASMOSE

Disseminada crônica

Ø Evolução – meses

Ø lesões mucosas - 90% 
Ø localização : oral, faringe, laringe, septo nasal
Ø Polimorfas

Ø Insuficiência adrenal e lesões cutâneas - 10%

Ø Pouco frequente - meningoencefalite, endocardite, aortite











Isolamento do fungo

Demonstração de leveduras: exame direto

Cultura (semans – meses)

• Macroconídio tubercular;

• Sangue / mo - 4 a 6s:  Preferencialmente lise-
centrifugação: 2x mais rápido lise-centifugação
(média 9,7 d) X automatizado (18,4d);

• Escarro/LBA 

• Conversão para levedura

• Chemiluminescent DNA probe (GenProbe, Inc., San 

Diego, CA) /Sequenciamento

Outros métodos

Histopatologia

• HE e Grocott - tecidos 30-60%

• Wright – Giemsa/methenamine silver/ periodic acid-Schiff

• Diferencial: Leishmania (tamanho similar; cinetoplasto) e 
Candida glabrata;

• Imunohistoquímica / Biologia Molecular

Sorologia 

! 50-80% (ID, CIE)
! Western blot

• M  = aguda – presente na crônica - meses a anos H = formas graves, 
raramente encontada

Detecção de antígeno (> na dça grave)

! urina ~90%, soro ~80%, LBA:70-84% 
! monitorar tratamento e recaídas

HISTOPLASMOSE  
DIAGNÓSTICO



Exame Direto / Histopatológico

• Os cortes podem ser realizados a partir de 
pulmão, pele e coloração pelo H&E, PAS ou 
Grocott é recomendado.

• Intenso parasitismo nas células do SRE é 
observado.

• Nos preparados corados pelo H&E, os 
microrganismos aparecem com halo claro 
ao seu redor.



Sangue periférico - Wright



reversão

BHI          S S S

ML gema 37ºC



Micromorfologia

• A análise da cultura na fase 
filamentosa observa-se hifas 
delicadas, septadas, 
macroconídios lisos ou 
equinulados, microconídios 
lisos.

• Na fase leveduriforme pode ser 
observado brotamentamento, 
o que raramente se observa 
nos tecidos.

Microcultivo



69

Sensibilidade do método

• Cultura
• Autolimitada 15%
• Pulmonar crônica 85%
• Disseminada 85%



Imunodiagnóstico em histoplasma
pesquisa de antígeno

Prova Amostra clínica Sensibilidade/Especificidade
ELISA

MiraVista Diagnóstico (EUA)
Urina 40-90/95*

ELISA
CDC-CIB

Urina 85/96**
Pacientes com HIV/AIDS

Histoplasma EIA Test Kit
(IMMY, EUA)

Urina 91/99***

*     Clin. Vacc. Immunol. 14: 1587-1591
**   Clin. Vacc. Immunol: 21:1364-1368
*** Clin. Infec. Dis. 53:448-454 



Histoplasmose – sorologia

• Imunodifusão

• Autolimitada 75%
• Pulmonar crônica ~100%
• Disseminada 63%



Diagnóstico laboratorial em pacientes AIDS

• Pesquisa de antígeno é muito importante
• Resultado falso positivo para galactomanana de  Aspergillus spp

• Identificação de leveduras em fagócitos no tecido

• Técnicas moleculares como PCR

• Técnicas sorológicas frequentemente negativas

• CULTURA


