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Abstract

Purpose of Review Paracoccidioidomycosis (PCM) is one of the most prevalent systemic endemic mycosis in Latin America
caused by species of an environmental fungus of the genus Paracoccidioides. In Argentina, the endemic area with the highest
incidence is located in the Northeast. This review presents the current aspects of PCM epidemiology influenced by global and
particular climatic anomalies.

Recent Findings An increase of cases with particularly features, in the diagnosis and clinical manifestations, delaying the
diagnosis was observed. Two genotypes of Paracoccidioides are circulating and, probably, are related to a considerable percent-
age of non-reactive serological tests obtained in proven cases of PCM.

Summary The traditional view of the PCM epidemiology in the southern endemic zone area must be reconsidered. A higher level
of premonition is now required in Northeast Argentina and, may be, in bordering countries. The particular characteristics both in

the clinic and in the diagnosis currently observed suggest a new trend in PCM.
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Introduction

Paracoccidioidomycosis (PCM) is a systemic disease caused by
thermally dimorphic fungi of genus Paracoccidioides [1, 2ee].
Although its first description was 110 years ago in 1908, by
Adolpho Lutz in Brazil [3], the burden and medical importance
in several countries of the endemic zone remain underestimated.

PCM is the most relevant endemic deep mycosis in Latin
America, from Mexico (23° N) to Argentina (34° S) with
highest incidence in South America [2¢e, 4, 5]; however, since
PCM is not a notifiable disease, its real statistical data like
prevalence and incidence remain underestimated [6¢]. The
World Health Organization (WHO) and organizations such
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as the G-FINDER project recognize several infections as
neglected tropical diseases, but most fungal infections have
not yet reached such status [4, 7]. Despite this, PCM is con-
sidered an endemic neglected disease in Brazil, the country
with its highest incidence [1, §].

The disease spectrum varies from oligo-symptomatic course
to severe and potentially fatal disseminated disease. Infection
occurs through the respiratory route by inhalation of aerosol-
ized propagules from the saprophytic phase of the fungus (co-
nidia and/or mycelia) resulting in an acute pulmonary disease
and/or a primary pulmonary lymph node complex. Usually, in
normal host, Paracoccidioides causes an asymptomatic or be-
nign and transient pulmonary symptom; therefore, primary le-
sions heal spontaneously or become quiescent. Infection may
progress to the acute or subacute form of the disease (frequent
in children, youths, and people with immunodeficiencies) or,
more commonly, reactivate afterward as a chronic form (pro-
gressive disease in adults). The asymptomatic period between
infection and the onset of clinical symptoms may endure for
years or decades. The lungs constituting as the primary target
while all other organs represent secondary manifestations as a
consequence of hematogenous spread. PCM simultaneously
involves more than one organ or system and, as such, should
be considered a systemic disorder [2e¢e, 9ee, 10].
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PCM often remains ignored by the medical community and
health systems. It eclipses by other diseases with which it
shares the spectrum of clinical manifestations, such as
tuberculosis and several tropical and subtropical infectious
diseases, among others [8].

Until 2006, PCM was considered caused by only one
species, Paracoccidioides brasiliensis (P. brasiliensis).
Currently, Paracoccidioides genus comprises two spe-
cies: P. brasiliensis and P. lutzii [11]. Based on whole-
genome sequencing data, P. brasiliensis includes a com-
plex of four cryptic phylogenetic species, S1, PS2, PS3,
and PS4. In addition, a split of the S1 lineage in two
clearly separated subclades named Sla and S1b was reported
[12, 13, 14¢]. In 2017, phylogenetic species of P. brasiliensis
were proposed to be raised to taxonomic species status and
adopt the names P. brasiliensis sensu stricto for SI,
P. americana for PS2, P. restrepiensis for PS3, and
P, venezuelensis for PS4 [15].

Argentina, with two endemic areas, comprises part of the
southern endemic zone of PCM. One, located in the
Northwest Argentina (NWA), includes only the subtropical
part of Jujuy and Salta provinces. The more extensive area
with the major number of reported cases is located in
Northeast Argentina (NEA), bordering Brazil and Paraguay,
including seven provinces or part of them: Chaco, Corrientes,
Formosa, Misiones, Santiago del Estero, Santa Fé, and Entre
Rios (Fig. 1) [9ee].

Current Epidemiological Status in Northeast
Argentina

Clinical Features

In the last years, an increase of cases of PCM in NEA area with
particular clinical and diagnosis features was observed. A wide
spectrum and uncommon clinical secondary cutaneous mani-
festations, from disseminated papules in trunk (Fig. 2) to local-
ized lesions, were registered (Fig. 3). Non pathognomonic le-
sions, without the classical lung involvement and/or the typi-
cally oropharyngeal manifestations, were described, requiring
differential diagnosis even in the endemic zone with the highest
incidence. In addition, an increase of neuro-PCM as cerebellar
or brain abscess was detected [16]. The presentation of atypical
clinical manifestations compared to those commonly observed
in NEA area made the diagnosis a challenge in many cases.
Due to the inhibitory action of estrogen (f3-estradiol) sup-
pressing transformation of the saprophytic form of the fungus
to yeast into the lung and also modulating the cellular immune
responses, women are protected from the disease, but not from
infection [10, 17]. Analyzing the last 134 PCM cases, the
male:female ratio in NEA area was 18:1. The average age for
women was 62 (range 50-75), and the average age for men was
51 (range 8-89). This male:female relationship is lower than
previous reports from Argentina, but ratios vary in different
countries, even in different geographic zones of each country
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Fig. 1 Endemic areas of Paracoccidioidomycosis in Argentina. Arrow, location of Yacyreta Hydroelectric Dam. NEA, Northeast Argentina; NWA,

Norwest Argentina
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Fig. 2 Secondary cutaneous manifestations. Disseminated papules
on the trunk

and can reach values such as 70:1 in other South American
countries [18-22]. The occurrence of PCM in women is usually
associated with juvenile clinical forms of the disease or the loss
of hormonal protection in menopause. All cases in NEA were
postmenopausal; no younger women with PCM were registered.

In NEA, surveys with skin reactions in adults estimated
infection rates ranging 10.9-20%. In contrast, only 1.6% of
children and young people aged 2 to 14 years (average 10)
showed previous contact with P. brasiliensis. The chronic
adult clinical form has the most commonly been described
in this area, and the juvenile form was always present in a
very low percentage [23, 24]. Since only one case was in-
formed in the last 15 years [25], hospital healthcare profes-
sionals from NEA had no experience in PCM in children.
Despite this, from 2012, several cases in children with median
of age 12 years old were reported. From severe disseminated

Fig. 3 Cutaneous localized lesion in the leg
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and aggressive presentations to localized form characterized
these cases of acute/subacute forms of PCM is showing a wide
spectrum of clinical manifestations unusually observed in
NEA area [26¢¢]. The lack of experience about this disease
in children and the wide and uncommon spectrum of manifes-
tations observed delayed the diagnosis in some cases.

From Rural to Urban Paracoccidioidomycosis?

Considering PCM was defined as a systemic fungal infection
endemic in rural areas [2¢, 17], it is striking that about 40% of
PCM patients from NEA referred to not live or have lived or
never worked before in rural areas.

Juvenile PCM in urban areas has been described [26ee, 27,
28], but also several reports rose about the urbanization of the
PCM [22, 29]; moreover, a report from the western Brazilian
Amazon State shows 53.6% of PCM patients lived in urban
areas [18].

In the last decade, changes in the geographic and demo-
graphic patterns of the population with PCM have been in-
formed. Factors such as the urbanization of population under
unsuitable conditions favoring infection and disease at urban
or suburban areas were exposed [30¢]. However, it would be
important to discuss and agree about the definition of an urban
area in certain parts of South America; they should be well
defined to be considered as such.

Challenge in Diagnosis

Visualization of the multiple budding yeasts suggestive of
Paracoccidioides and the identification of the fungus by cultur-
ing clinical specimens still remain the “gold standard” for PCM
diagnosis. However, reaching to the diagnosis is difficult in some
cases. Quantitative immunodiffusion test (ID) represents a reli-
able and appropriate method to detect anti Paracoccidioides an-
tibodies circulating. ID displays more than 80% of sensibility
and 90% of specificity. Serological test is important not only
for the diagnosis but also for the follow-up of host response to
the treatment applied. Positivity and titers of this method depend
on the immunological capacity of the patient to produce antibod-
ies and a period > 21 days from the onset of symptoms, and also
correlate with the severity of the clinical form [31¢].

Using antigen from the reference P. brasiliensis B339
strain, about 17% of proven PCM cases from NEA area are
non-reactive to the ID test. Antigen prepared from Pb B339,
rich in the immunodominant antigen glycoprotein 43 KDa
(gp43) has been reported to have excellent accuracy in the
diagnosis of P, brasiliensis, but low sensitivity in P. [utzii dis-
ease cases [31¢]. Moreover, studies carried out in different
regions of the Brazilian endemic area showed low level of
concurrence using antigens from Pb B339. PCM patient sera
from the Central-West Region of Brazil were unable to pre-
cipitate the reference antigen [32]. Moreover, implications of
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the P. brasiliensis cryptic species in the immunodiagnosis of
PCM were evaluated demonstrating the variable expression of
gp43 among isolates of these species and recommending to
not use a single antigen preparation for serological tests [33¢].

Differences observed in sensibility and specificity of ID
tests using antigen from a non-autochthonous strain from
NEA area may suggest differences in the antigenic composi-
tion. This highlights the importance of considering the geo-
graphical origin of the PCM cases and to know the phyloge-
netic Paracoccidioides species circulating in the area.

Environmental Influences

Mycosis epidemiology could be altered as a consequence of
climate and environmental changes [34¢+]. Some studies have
analyzed the conditions that stimulate not only the growth but
also the survival of the fungus in the environment favoring a
greater human exposure [35¢, 36]. Climate changes causing an
increase of soil water storage and absolute air humidity were
associated with an increase of human infection rates, an in-
crease of the incidence of PCM cases, and also with outbreaks
of acute/subacute forms [26¢, 30, 37, 38, 39].

As a consequence of certain global climatic, but also an-
thropogenic changes, NEA region has been undergoing eco-
logical variations in the last decades. The influence of El
Nifio—Southern Oscillation (ENSO) phenomenon on the inci-
dence of PCM and apparition of clusters of acute/subacute
forms was already reported [39¢]. Based on the ONI index
[40] during the last two decades, moderate to very strong
ENSO phenomena occur in South America, raising the rainfall
rates above normal ranges in NEA area.

On the other hand, the increase in the PCM cases, frequency,
and infection rates has been associated to the ecological effects
of hydroelectric dams [30e, 37]. The construction of Yacyreta
Dam, in NEA area (see Fig. 1), altered the Parana River valley.
Yacyreta is the fourth largest dam in South America, and its
impact on the rates of PCM infection was reported 20 years ago
[24]. In addition, since the 1990s, deforestation and the change
from the traditional cotton crop to soybean, including its partic-
ular agricultural practices, were promoted in NEA [26¢e].

The occurrence of PCM in youth population and children
indicates early exposure to Paracoccidioides [6°]. The effect
of global and particular climatic changes as contributor factors
to the emergence of acute/subacute infant-juvenile PCM in
NEA was recently reported [26ee].

Paracoccidioides Genotypes

Recent phylogenomics analysis using whole-genome se-
quencing typing of 21 Paracoccidioides isolates from
Argentina shows two different P. brasiliensis genotypes en-
demic in NEA, P brasiliensis Sla and P. brasiliensis S1b.
Even though more studies are necessary to conclude, PCM

chronic form cases from NEA area were suggested they are
related to P. brasiliensis Sla [41]. In this study, the reference
P, brasiliensis B339 strain used to obtain antigen for ID was
identified as PS3, genotype non identified between clinical
isolated from NEA area.

Although implications of the cryptic species in
P, brasiliensis in the immunodiagnosis have been observed,
a clearer picture is still required about their ecology and their
relationship with clinical manifestations, response to specific
treatments, and also in diagnosis.

Conclusions

It is evident that the traditional view of the PCM epidemiology
in NEA area must be reconsidered, and a higher level of pre-
monition is now required, maybe also in bordering countries.
Global climate anomalies like ENSO phenomenon and also
particular climate anomalies caused by anthropogenic changes
influenced the environmental conditions that favor the human
infection. The first epidemiological impact evaluated is an in-
crease of cases of PCM with some particular clinical character-
istics and the emergence of acute/subacute clinical form in chil-
dren. Considering children are epidemiological markers due to
having a restricted migratory profile, this fact is important to
highlight. This population and its geographical sites of residence
may provide significant data about epidemiological changes and
probably concerning the natural habitat of Paracoccidioides.
Preliminary studies in molecular epidemiology show two
Paracoccidioides genotypes circulating in NEA and differ-
ences from the reference B339 strain used for ID test.
Although the clinical impact was not still evaluated, the ge-
netic divergence reported in the genus Paracoccidioides and
its implications should be considered. Geographic limits in the
use of exoantigens for PCM diagnosis reported emphasize
the requirement to improve the strategies, such us using
exoantigens produced by autochthonous strains in order to
enhance the serological test sensibility.
The particular characteristics both in the clinic and in the
diagnosis currently observed suggest a new trend in PCM.
Undoubtedly, the human resources training in mycology
for a long time promoted in Argentina allows us to know this
current epidemiological situation of the PCM. More mycolo-
gists in NEA area are improving the diagnosis.
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