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Abstract Paracoccidioidomycosis (PCM) is a systemic, en-
demic fungal disorder restricted to Latin America (Mex-
ico to Argentina); Brazil accounts for the largest number
of cases. Imported cases diagnosed in North America,
Europe and Asia represent patients who had previously
lived in recognized endemic areas. Paracoccidioides
brasiliensis, the etiologic agent, is a thermally dimor-
phic fungus that in patients and cultures at 37 ° C
adopts a yeast form while at lower temperatures it
behaves as a mold that bears the infectious conidia.
PCM has a peculiar gender distribution with preference
for adult males at a ratio of ≥11 to 1. PCM afflicts
predominantly adult males engaged in agriculture. It is
mostly a chronic disease with acute/subacute cases ac-
counting for less than 15 % of all reports. Specific
diagnosis is established late and although available ther-
apy is usually successful in controlling the fungal in-
fection, patients who survive usually develop residual
fibrotic lesions that heavily impair their quality of life.
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Introduction

Eco-Epidemiologic Considerations

Paracoccidioidomycosis (PCM), previously known as South
American Blastomycosis, is a systemic fungal disorder en-
demic in rural areas of Latin America that is acquired through
the respiratory route with the lungs constituting the primary
target while all other organs (lymph nodes, mucous mem-
branes, skin, adrenals, bone, other) represent secondary man-
ifestations [1–4, 5•, 6•]. According to image studies, PCM
simultaneously involves more than one organ or system and,
as such, should be considered a systemic disorder [7].

PCM is diagnosed almost exclusively in Latin America
with the exception of certain imported cases as described
below. Brazil has the largest number of cases followed at a
significant distance by Colombia, Venezuela, Ecuador, Boli-
via and Argentina. Uruguay, Paraguay and the Central
American countries report lesser or no (Nicaragua, Belize)
cases. It is extremely rare in the Caribbean Islands where
only single cases have been informed in Trinidad, Grenada
and Guadalupe. It has not been informed in Chile, Surinam
or Guyana [1, 4, 5•, 6•, 8].

Approximately one hundred paracoccidioidomycosis
cases have been reported from countries outside of the
recognized endemic areas, mostly in Europe, as this Conti-
nent receives a large number of immigrants from Latin
America, [1, 4, 5•, 8]. In the last 2 years (2010–2012), eight
cases have been reported outside the endemic area [9–12,
13•, 14–16]. These patients had all lived in the Latin Amer-
ican endemic regions up to 14 years prior to the appearance
of clinical manifestations [4, 5•, 9, 12, 13•, 14, 15]. This
prolonged dormant period confirms Borelli’s postulates [17]
indicating that the infection is aquired in a place different to
the diagnostic site with an undetermined lapsus between the
two events.
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The search for P. brasiliensis in the environment has been
extensive but unrewarding, although it has been noticed that
environmental changes in endemic areas are a constant
feature [8]. Rios-Gonçalves et al., examined 36 children
diagnosed in the state of Rio de Janeiro, Brazil finding that
44 % came from rural counties where the abundant primary
forests had been gradually removed [18]. In another report
from Brazil in Belem Para State near the Amazon basin
where paracoccidioidomycosis had been infrequent, 13
childhood cases were diagnosed in a period of a few years.
These children had lived permanently around forested areas
where intense human colonization resulted in gradual de-
struction of the original ecosystem [19]. In a similar manner,
Bellissimo-Rodrigues et al. [20••] in their study of 1,000
patients, pinpointed an area with the highest number of
juvenile PCM cases, all of whom had resided close to coffee
plantations, thereby raising the possibility of aerosol infec-
tion through agriculture-related exposure. Support for this
hypothesis has been aided by the fact that ITS sequences of
DNA detected in environmental aerosol samples by PCR
were homologous to those of Paracoccidioides lutzii dem-
onstrating the presence of this species [21].

In endemic countries, patients’ residence can be associ-
ated with areas characterized by a humid atmosphere (high
rainfall indexes, presence of humid forests, and waterways)
plus stable, mild temperatures (17 °C–24 °C) [8, 22]. De-
spite the above, the exact P. brasiliensis habitat remains
largely unknown and has only been isolated from a very
few different environments including isolation from soil and
from certain peculiar substances such as animal forage, bat
guano and penguin feces [23]. Barroso et al., analyzed the
records of 91 acute/ subacute patients in whom infection
was estimated to have occurred 1–2 years previously and
through multiple regression analyses determined that weath-
er variability was a significant factor. Construction of a good
fitting model provided significant estimates of the effect of
absolute air humidity, soil water storage and Southern Os-
cillation Index [24•]. These environmental factors explained
49 % of the incidence variance of the cases and suggested
that such variables influenced the conditions favoring infec-
tion of humans [24•].

The armadillos Dassypus novemcinctus and, occasionally
also Cabassous centralis, have been shown to harbor P.
brasiliensis in their internal organs; however, isolation of
the fungus in the habitat of armadillos has failed [25]. Para-
coccidioidomycosis has also been confirmed—or suspected
to exist—through molecular methods in other feral and
domesticated animals [26–28]. Experimental studies have
shown that P. brasiliensis may grow and produce infectious
conidia in sandy and clay-like soils with high water- but low
in aluminum-content.

Personal communications received from Brazilian clini-
cal researchers (Flavio de Queiros-Tellez and Mario L.

Silva-Vergara from the Hospital de Clinicas, Federal Uni-
versity of Parana, Curitiba, and at the Infectious Diseases
Unit of the Internal Medicine Division, Triangulo Mineiro,
Uberaba Federal University, respectively), indicate that
PCM is observed less frequently at present than previously,
to the extent that half the usual number of cases are being
diagnosed in their centers. This finding is thought to be
attributed to changing agricultural practices whereby there
has been a gradual substitution of coffee plantations to sugar
cane farmers and cattle pastures. The area occupied by sugar
cane crops has significantly increased, especially in some
areas of the state of Sao Paulo, in Brazil’s Southern Region.
As sugar cane plantations require burning plus wide pesti-
cide, herbicides and fungicide use, P. brasiliensis’ where-
abouts, no matter how imprecise, would be subjected to
significantly elevated soil temperatures with concomitant
extinction of the accompanying saprophytic soil microor-
ganisms [29].

From the epidemiological point of view, paracoccidioi-
domycosis presents the following characteristics.

Age The disease is relatively uncommon in children and
adolescents with approximately 2 % of all patients being
less than 10 years of age and 8 % less than 20 years old
[20••, 30, 31••, 32•, 33, 34]. If one counts children and
adolescents (less than 14 years of age), less than 15 % of
all cases will fall into this age bracket. PCM infection is
most common in middle-age men (40–60 years) [20••, 30,
31••, 32•, 33, 34, 35•]. A slight deviation of this pattern is
noticed in patients co-infected with HIV who are younger
than the remaining adults [20••, 32•, 36•].

Gender In a recent review of over 5,000 paracoccidioido-
mycosis cases, Shankar et al. [32•] found that 91.8 % were
males and only 8.2 % females. This series included children
less than 10 years in whom no difference was noticed
between gender in contradiction to the predominance of
adult male patients. Although a slightly different prevalence
by gender was seen in a series of one thousand cases from
Brazil with 85.8 % males and 14.2 % females [20••], it is
clear that a male predominance is the rule. It is known that
the female hormone, 17-beta estradiol, hinders the conidium
to yeast transition thus indicating the existence of hormonal
influences, probably acting in cooperation with the stronger
cellular immune responses present in females [32•].

Race It is diffcult to pin-point a racial trend in the endemic
areas as mixed races are very common. Immigrants into
endemic areas usually develop a severe disease indicative
of their greater susceptibility to P. brasiliensis [1].

Occupation In the two largest series of patients that have
been published [20••, 32•], approximately half of the

304 Curr Fungal Infect Rep (2012) 6:303–311



patients have or have had jobs centered in agriculture. Other
occupations mentioned have been mansory and lumberjack-
ing (12 % of the cases). Less frequent occupations such as
mining, truck driving and industrial work, have also been
mentioned [20••, 32•].

Other Factors Poor nutrition, smoking and alcoholism are
important predisposing conditions [20••, 30, 31••, 34, 35•,
36•, 37]

Incidence Despite the measures being implemented in Bra-
zil and with the exception of the States of Mato Grosso
do Sul, Minas Gerais and São Paulo, paracoccidioido-
mycosis is not a reportable disease [20••]. Consequently,
true incidence and prevalence rates remain unknown. In
the Brazilian rural areas, annual incidence has been
estimated to range from 3–4 new cases/1,000,000 inhab-
itants to 1–3 new cases/100,000 population. Such inci-
dence is higher in males than in females [2, 20••] but in
individuals less than 14 years of age, both genders are
affected equally [2, 20••, 32•].

In Brazil, paracoccidioidomycosis is considered to be the
third leading cause of death from a chronic infectious dis-
eases and the corresponding mortality rate is estimated at
1.65 cases/1,000,000 population [36•, 37–40]. Santo
reviewed 1,950 paracoccidioidomycosis death certificates
and found that the largest number of these deaths occurred
in men in the older age groups and among rural workers.
The main causes associated with paracoccidioidomycosis as
the underlying cause-of-death were pulmonary fibrosis,
chronic lower respiratory tract diseases, and pneumonias
[40]. Coutinho et al. [37] estimated an annual incidence rate
of 1 to 3 per 100,000 inhabitants and based on 3,181 deaths
an estimated annual mean mortality rate of 1.45 per million
inhabitants. The authors concluded that paracoccidioidomy-
cosis was of considerable burden but of low visibility as it
represented the 8th most common cause of death from
predominantly chronic or recurrent types of infection
and parasitic diseases. It also had the highest mortality
rate among the systemic mycoses. The majority of
deaths occurred in males (84.7 %) and in the older
age groups [38]. Bittencourt et al., analyzed 551 deaths
of the mycosis in Parana’s State, Brazil finding an
average annual mortality rate of 3.48 per million inhab-
itants that represented not only the 5th cause of death
among the predominantly chronic infectious diseases but
also the highest mortality rate among the systemic my-
coses [39]. In the setting of persons with HIV, the
prevalence of this mycosis was 3.3 % and it was asso-
ciated with a high mortality [41•, 42•]. According to the
data from Brazil, paracoccidioidomycosis remains a ma-
jor public health problem in Brazil emphasizing its
status as a neglected disease [43•].

The Etiologic Agent

Paracoccidioides brasiliensis, the causative agent, is a ther-
mally dimorphic fungus, characterized by two morphotypes,
a mold at temperatures under 28 °C that frequently reveals
chlamydoconidia and more rarely conidia (size <5 μm),
propagules that transform into yeast cells under the influ-
ence of body temperature. In tissues and cultures at 35 °C–
37 °C, this fungus grows as a round to oval yeast cell
variable in size (4–40 μm) provided with prominent lipid
vacuoles and that characteristically produces multiple bud-
ding daughter cells arranged in the form of a pilot’s wheel;
nonetheless, isolated cells, short chains of blastoconidia and
large broken yeast cells are also seen [1, 4, 5•, 6•, 44].
When grown under nutritional deprivation, certain iso-
lates produce conidia less than 5 μm capable of
responding to temperature changes and transforming
into either yeast cells at 36 °C or producing hyphae at
20 °C–24 °C [4, 5•]. Furthermore, conidia are infectious
for mice and give rise to a chronic, disseminated pro-
cess ending in lung fibrosis [1, 5•, 6•, 45]. When grown
in vitro in sandy and clay-like soils rich in water but
poor in aluminum contents, P. brasiliensis produces
infectious conidia [46]. P. brasiliensis conidia and yeast
cells have been shown to produce melanine-like com-
pounds, probably involved in virulence [47–49]. M and
Y forms are aerobic and require ample oxygen supply
for their growth [1, 4, 5•, 6•, 44].

P. brasiliensis is only known in its asexual (anamorph)
stage; nonetheless, molecular biology studies have allowed
its classification in the phylum Ascomycota, order Onyge-
nales, family Onygenacea, close to the Histoplasma capsula-
tum, Blastomyces dermatitidis and Emmonsia parva
phylogenetic tree [50]. At present, the genus is considered to
have three different phylogenetic species (clades) [51]. In
addition and based on high polygenetic diversity and exclu-
sive morphogenetic characteristics, a different species, P. lutzi,
has been proposed [52]. Since 2009 the BROAD Institute has
completed the database for P. brasiliensis genome (http://
www.broad.mit.edu/annotation/genome/paracoccidioides_
brasiliensis).

Mycologic Diagnosis

Direct Examination and Histopathology In clinical speci-
mens P. brasiliensis appears as an oval to round yeast cell
often provided with multiple peripheral buds (pilot
wheel configuration) and has a thick refractile wall plus
prominent intracytoplasmatic vacuoles. Often yeast cells
appear in chains and have single buds; large bizarre yeast cells
may also be observed. Several procedures are adequate to
visualize fungal elements, including fresh or wet KOH
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preparations, as well as calcofluor and immunofluorescence
methods. Sensitivity of the direct examinations varies from 85
to 100 % depending on specimen, clinical manifestations and
treatment status [1, 4, 5•, 6•, 37, 44]. Histopathologic prepara-
tions stained with H&E, Gomori methenamine-silver,
Papanicolaou or periodic acid-Schiff are also quite use-
ful as they reveal the multiple budding yeast elements,
especially within granulomatous foci. Differentiation of
P. brasiliensis from Cryptococcus neoformans, Blasto-
myces dermatitidis, and even Histoplasma capsulatum,
must be made [1, 4, 5•, 6•, 37, 53••, 54•].

Cultures Isolation of P. brasiliensis from clinical specimens
requires a battery of selective and non-selective culture
media (Sabouraud plus asparagine and thiamine; Mycocel;
BHI plus glucose); several clinical samples should be sent
for culturing. The addition of antibacterial drugs and mould
inhibitors to the media has resulted in improved recovery
rates, around 80 % [1, 4, 5•, 37, 53••, 54•]. Modified
Sabouraud’s (Mycocel agar) and yeast extract agars incu-
bated at room temperature (19 °C–24 °C) are the best media
for isolation. In bacteria-free specimens (e.g., tissue biop-
sies, CSF, bone marrow), media without antibiotics with
incubation at 36 °C, can also be employed [1, 4, 5•, 6•,
53••]. At 18 °C–24 °C, growth is slow and takes 20–30 days.
Microscopically, the mould shows only thin septate hyphae
and chlamydospores (15–30 μm) and in media with no
carbohydrates the mould may also produce conidia after
≥2 months of incubation. The mycelial form is not distinc-
tive and dimorphism must be demonstrated [1, 4, 5•, 6•,
53••]. At this temperature, P. brasiliensis yeast form grows
in 8–10 days as a cerebriform, cream-colored colony. Mi-
croscopically, oval to spherical yeast cells, 4 to 40 mm in
diameter, are observed. The large mother yeast cell bearing
multiple buds (pilot’s wheel) is characteristic of this fungus
[1, 4, 5•, 37, 53••, 54•].

Immunodiagnostic Tests Immune-based methods are useful
not only for diagnosis but also for monitoring the patient’s
course. Immunodifussion (ID), Complement Fixation (CF)
and ELISA are currently the tests of choice. The principal
antigens used in these tests are derived from P. brasiliensis
culture filtrates of mycelial- or yeast-phase broth cultures. The
major diagnostic antigen found in these preparations is a
43 kDa glycoprotein. Cell wall antigens have proved less
useful than culture-filtrate antigens, largely because wall anti-
gens are dominated by cross-reactive galactomannan [53••,
54•, 55]. The ID is highly specific, and is positive in 65–100%
of cases of acute or chronic pulmonary infection, or dissem-
inated paracoccidioidomycosis. The CF test is less specific
than the ID test, and cross-reactions can occur in cases with
histoplasmosis. However, CF titers of ≥1:8 are considered
presumptive evidence of paracoccidioidomycosis [54•, 55].

Falling CF titers are often predictive of successful treatment,
and high or fluctuating CF titers are suggestive of poor prog-
nosis. Commercial mycelial-form culture filtrate antigen can
be obtained for in-house use from IMMY. The CF test is
performed with P. brasiliensis yeast-form culture-filtrate anti-
gen but this reagent is not commercially available. Specific
proteins and polysaccharide antigens have been identified,
cloned and characterized by different laboratories to be used
as targets in the production of monoclonal and polyclonal
antibodies [56–61]. In addition, several laboratories have de-
veloped “in house” immunodiagnostic tests based on methods
such as ELISA, inhibition ELISA, competition ELISA, Dot
blot, Western blot [53••, 54•, 55].

Immunologically reactive components such as the 87, 70,
58, 52, 43, 27 and 20 kDa antigens have been purified and
recognized by sera from patients with PCM [62]. The Gp43
is considered the immunodominant antigen and is recog-
nized by all sera from the PCM patient. In addition, a 70-
kDa glycoprotein was recognized by 96 % of the PCM
patients and decreased significantly in patients undergoing
antifungal therapy. Consequently, Gp43 and Ggp70 are
markers of this mycosis [62, 63]. The use of cocktail anti-
gens or antigens combination may also represent a valid
strategy as shown by a promising diagnostic and follow-up
assay that relies on the use of the 27-kDa recombinant
antigen and the 87-kDa hsp [64•].

Antigen detection tests have some important advantages
over antibody detection in the diagnosis of PCM, particu-
larly in immunocompromised patients and in those previ-
ously exposed to P. brasiliensis who may have pre-existing
antibody titers [57, 60, 61]; however, these methodologies
are not yet available as regular laboratory tests.

Molecular Tests for Diagnosis

Molecular assays have been successfully used to detect P.
brasiliensis; however, DNA-based methods have not yet been
established as regular diagnostic tools for this fungal infection,
nor is a PCR assay commercially available [53••, 54•, 55].
Conserved regions of the ribosomal RNA (rRNA) genes have
been used as targets in a number of PCR-based detection
assays: a note of caution, it is important to understand that
amplification of conserved genes can result in products de-
rived both from pathogenic- and genetically related nonpatho-
genic fungal species and, consequently, the identity of the
amplicons detected using these conserved genes should be
verified by direct sequencing [53••, 54•]. A real-time PCR that
used as a target the ITS1 region of rDNA was developed to
detect P. brasiliensis DNA in both cultures and in 10 patients’
clinical specimens. Real-time PCR was positive in all the
culture strains tested, as well as in clinical specimens, mainly
sputum and biopsies, but was less useful in blood. Although
this molecular test was evaluated with a low number of
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patients, the authors reported 100 % sensitivity and
specificity [65•]. Amplification and sequencing of P.
brasiliensis ribosomal DNA regions, especially 5.8 and
28S subunits, as well as intergenic regions, have been
successfully performed. PCR tests that used DNA
extracted from culture have allowed for design of spe-
cific primers that enable discrimination between P. bra-
siliensis and other human pathogenic fungi [66].

Gp43 is considered the immunodominant antigen for the
diagnosis of PCM; thus, the gene coding for this molecule
has been used as a molecular target to detect P. brasiliensis
DNA Bialek et al., developed a nested PCR assay targeting
the immunogenic gp43 gene and evaluated it the detection
of P. brasiliensis DNA in lung homogenates from infected
and uninfected mice, as well as from culture-positive lung
homogenates, 91 % of which were positive [67]. A test
based on the 5′ nuclease assay using a fluorescent probe
derived from the sequence of the gene coding for the gp43
antigen was developed to detect P. brasiliensis; sensitivity
and specificity were 100 % and the assay could detect at
least ten copies of this DNA sequence [68]. The loop-
mediated isothermal amplification (LAMP) assay has been
tested to detect the Gp43 gene of P. brasiliensis and positive
results from DNA extracted from FFPE tissue samples of
PCM patients using this methodology were reported by
Endo et al. [69]. In addition, respiratory samples from
PCM patients were evaluated by LAMP with sensitivity
and specificity values of 61 % and 100 %, respectively
[70]. LAMP methodology exhibits advantages in speed in
developing the assay and also in simplicity when compared
to the classic diagnostic methods as it does not require
sophisticated equipment.

Clinical Manifestations

Paracoccidioidomycosis has been divided into four main
clinical entities, two clinically progressive forms, one being
an acute/subacute (juvenile) form and the second being a
chronic (adult) form both of which are dependent, to some
extent, on age and host immune status. The third is a
subclinical, non-symptomatic form probably representing a
somewhat recent contact with the fungus in its habitat. The
fourth and last form is mostly characterized by fibrous
scarring appearing at the site of formerly active lesions
[1–4, 5•, 20••, 30, 32•, 33, 34, 35•].

In nearly all patients, the target organ is the lung albeit its
involvement usually runs a silent course and may go unno-
ticed until the mycosis has advanced to the point of causing
severe respiratory and cardiovascular symptoms [2–4, 5•,
35•, 37, 71•, 72••, 73]. Gallium 67 images show that the
mycosis disseminates regularly to various extra-pulmonary
organs [1, 4, 5•, 7, 35•, 37] as revealed by extensive organic

involvement in most patients when using high-resolution
computed tomography [7, 74•, 75•].

The Acute/Subacute Form It represents 15 % of all cases
and is observed mainly in children and young adults
≥30 years of age [1, 5•, 18, 19, 76–80], as well as in those
with cancer [81•, 82, 83], and immunosuppressive condi-
tions including HIV co-infection [36•, 41•, 42•, 80]. It is
characterized by hypertrophy of the lymphatic system with
enlargement of several lymph node chains, especially those
in the neck, hepatosplenomegaly and bone marrow involve-
ment [18, 19, 34, 81•, 82–84]. Constitutional symptoms
(fever, anorexia, weariness, poor general conditions) includ-
ing undernourishment accompany this clinical form. The
latter is usually a pre-existing condition. Respiratory symp-
toms are uncommon, as are mucosal and skin manifestations
albeit the latter two may appear dispersed involving the
trunk, the extremities and the face [1–4, 5•, 18, 19, 77].
These external manifestations contrast with those observed
in the chronic, adult type disease [30, 35•, 37, 78]. Among
the differential diagnosis, one should consider lymphoproli-
ferative disorders, tuberculosis and malignancies [1, 5•, 37,
80, 82]. Establishment of the proper diagnosis requires an
alert physician capable of requesting the appropriate myco-
logical studies.

The Chronic Adult Form Approximately 90 % of all cases
exhibit this form, one that is characterized by primary pul-
monary involvement and secondary extra-pulmonary mani-
festations, the latter constituting the patient’s principal
reason to seek medical advice [1, 2, 4, 5•, 77–79]. This form
occurs preferentially in adult patients, especially those 30–
50 years old; its course is slow, taking years or even deca-
des, to manifest and then to be diagnosed correctly as the
chronic disease is often confused with tuberculosis, cancer,
and other systemic illnesses [1–4, 5•, 77–79]. This form has
important lung involvement but may, nonetheless, be rather
asymptomatic with only dry or productive cough and some
dyspnea. The X-ray images reveal alveolar, interstitial or
mixed infiltrates in both lungs localized preferentially in the
central and lower fields with certain respect for the apices.
At diagnosis, lung fibrosis is a prominent abnormality
(32 %) and is regularly accompanied by emphysematous
areas and bullae; cavities are also regularly detected [1, 5•,
77–79]. Chest tomography reveals changes mainly in the
lungs’ periphery with ground glass infiltrates, small non-
calcified nodes, cavities and septal lines indicative of fibrous
scars [1–4, 5•, 77–80, 81•].

As many patients smoke regularly, the symptoms
described are often attributed to this and not to the
mycosis. Physical examination reveals scanty and non-
specific findings even in cases with extensive pulmonary
involvement by imaging. A clear dissociation occurs among
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scarce respiratory symptoms, notable image abnormalities,
and paucity of auscultatory findings [1–4, 5•, 78–80, 81•].
General complaints such as malaise, weariness, nocturnal
diaphoresis and weight loss are recorded in most cases
[1–4, 5•, 78, 79].

The oral mucosa is involved in 50 % of the cases with
lesions localized on the gingiva, the palate and the lips; the
nasal and less often, the anal mucosa, may also be affected. At
times, lesions develop also in the gastrointestinal mucosa
[1–4, 5•, 34, 78–80, 83, 84]. Not uncommonly, symptoms
such as odino or dysphagia and diarrhea, are recorded and
attributed to previous lesions in larynx, pharynx and the
gastrointestinal tract [1–4, 5•, 34, 80, 81•, 82–84]. From the
mucosa, lesions may extend to the skin where they tend to be
granulomatous. Skin lesions are preferentially located in the
face, thorax and limbs; their appearance is extremely variable
and non-diagnostic [1–4, 5•, 78–80, 85]. In adult patients,
hypertrophied lymph nodes may also be detected albeit not
as frequently as in the juvenile form; they are located prefer-
entially in the neck region; if in the abdomen, enlarged nodes
may coalesce forming large masses that simulate a tumor
[1–4, 5•, 78–80]. Adrenal gland involvement is also a classic
sign with Addison syndrome being detected in ≥ 10 % of
patients; at autopsy, a much higher (85 %) number reveal
adrenal gland involvement [79, 86, 87].

The Residual Form (Sequelae) Fibrotic scarring tends to
form at those sites where formerly active PCM lesions had
existed [4,5]. Of note, bilateral lung fibrosis and bullae are
already present at time of diagnosis in 32 % of the patients
indicating that the disease process had been initiated in the
past [65•]. Additionally, indirect signs of pulmonary hyper-
tension and cor pulmonare detected in a few patients, cor-
roborate the long undiagnosed course of this mycosis. At the
end of specific treatment, such residual sequelae tend to
increase up to 60 % [71•] greatly impairing the patient’s
well being [71•]. Fibrous sequelae may also account for the
observed dysphagia and dysphonia, adrenal insufficiency
and intestinal obstruction recorded for patients with prior
active lesions at these sites [1, 3, 4, 5•, 71•].

Management

The antifungal medications presently available for paracoc-
cidioidomycosis treatment are sulfonamides, amphotericin
B, and the various azole derivatives, most of which are
active against P. brasiliensis [1–3, 5•, 37, 72••, 73, 88, 89••].

Sulfonamides PCM is the only mycosis amenable to sulfon-
amide treatment. Various derivatives have been used but
presently the combination trimethoprim-sulfametoxazol is
regularly prescribed in Brazil for the ambulatory treatment

of minor and moderate forms of the mycosis. Costs are low,
it is administered orally and side effects can be controlled. In
addition it is available free of cost in Brazil. Initial response
is high (70 %) but the relapse rate is important (25 %) with
development of resistance in about 15 % of the cases.
Duration of therapy is long (over 2 years) with non-
compliance being a frequent problem [1–3, 37, 88, 89••].

Amphotericin B (Deoxycholate and Liposomal Presenta-
tions) The former preparation is no longer used in the
USA; nonetheless, in Latin America countries, this is the
compound regularly used because of cost as the liposomal
preparations, although more powerful, are too expensive for
most health institutions. The need for intravenous adminis-
tration and the well-known kidney complications limit the
more expanded use of this polyene, and it is mainly reserved
for treatment of severely ill patients. Once the total pre-
scribed dose is attained with AMB, oral treatment with
trimethoprim/sulfametoxazol, itraconazol or other azoles,
is then given [1–3, 35•, 37, 72••, 89••].

Azole Derivatives In the case of paracoccidioidomycosis,
these orally administered compounds have revolutionized
treatment and with the exception of fluconazol—ineffective
due to high relapse rates plus need for high doses and pro-
longed treatment periods—the remaining compounds are ef-
fective against P. brasiliensis. Ketoconazole attains marked
improvement in 90 % of the patients but its use has been
presently limited because of treatment failure (8 %) and high
relapse rates (11 %), as well as its associated adverse effects
(hormonal, gastric, hepatic). Additionally, ketoconazole has
important interactions with several medications [1–4, 5•, 35•,
37, 72••, 88, 89••]. Itraconazole is considered the best thera-
peutic option due to its effectiveness in 98 % of the cases and
also because it presents a low relapse rate (3 %). Adverse
effects are minor but problems exist in absorption depending
on a gastric acid pH, erratic serum levels and frequent inter-
actions with other medications that also influence proper
absorption [4, 5•, 35•, 37, 72••, 88, 89••]. Voriconazole was
evaluated in a comparative study with itraconazole in 35
Brazilian patients with a satisfactory response rate: 88.6 %
with voriconazole versus 94.4 % with itraconazole, with no
relapses after 8 weeks of follow-up [90]. Recently, it has been
proposed that for severe paracoccidioidomycosis involving
inflammatory reactions, treatment should consist not only of
antifungal medications but also of corticosteroids [91]

Conclusions

Paracoccidioidomycosis (PCM) is one of Latin America’s
most prevalent systemic mycosis that has a significant

308 Curr Fungal Infect Rep (2012) 6:303–311



burden. Unfortunately, its agent, Paracoccidioides brasi-
liensis, has rarely been identified in nature and conse-
quently measures to control exposure cannot be
implemented. Low-income rural workers are the most
at risk and they have limited access to the health sys-
tem. Additionally, diagnostic tools are not widely avail-
able in medical centers in Latin America; consequently,
by the time patients are diagnosed with this fungal
infection, many are already severely ill. The disease is
progressive and severe in children and adolescents
(acute/subacute juvenile form), as well as in adult
patients (chronic type form). Effective treatment regi-
mens are available to control the fungal infection but,
nonetheless, most patients develop fibrotic sequelae that
may severely hamper respiratory and adrenal function
and permanently alter the patient’s well being.
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