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Introduction

Paracoccidioidomycosis (PCM) is a systemic mycosis 
geographically restricted to Central and South America (1-4) 
and is endemic to populations who live in rural areas (1,5,6). 

The majority of the PCM cases (around 80%) are reported 

in Brazil (7,8), which is the first one cause of death among 

systemic mycoses disease in the country (1,9). Different 

distribution in endemic areas and the difficult to notify the 
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disease are facts, which contributes negatively to establish 
incidence and prevalence of PCM (10,11). 

PCM can be caused by fungi of the Paracoccidioides genus, 
comprising P. brasiliensis complex, consisting of four cryptic 
species (S1, PS2, PS3 and PS4) (2,3,12) and P. lutzii. (initially 
Pb01, a new clade) (3,6). The Paracoccidioides genus exhibits 
extensive genetic variability, as well as a possible correlation 
between genotype distribution and geographical isolation, 
culture adaptation, drug resistance and virulence (6,13,14).

All of the species of Paracoccidioides that have been 
identified to date are causal agents of PCM (2). However, 
the presence of the disease is associate to mild temperatures, 
fertile soils and high humidity, which makes its distribution 
not homogeneous (15). Several unexplained regional 
peculiarities have been noted in the diagnosis, clinical 
manifestations, and treatment of the disease (2). These 
regional peculiarities urgently need further exploration 
to rapidly and specifically detect Paracoccidioides species 
that are involved in the disease and improve diagnostic 
and therapeutic methods, thus reducing the sequelae 
of the disease (2). Many studies have explored the 
evolutionary mechanisms that were responsible for the 
current geographic distribution of phylogenetic species 
(S1, PS2, PS3, PS4, and P. lutzii) (2). However, these 
cryptic species still require further studies to correlate their 
ecoepidemiology, diagnosis, clinical manifestation and 
response to antifungal treatments (12).

Pulmonary PCM causes sequelae that can persist, even 
after effective treatment, causing destruction of the lung 
parenchyma which may be substituted by areas of fibrosis, 
emphysema, or a combination of both (16). Pulmonary 
alterations caused by PCM are evaluated preferable with 
high-resolution computed tomography (HRCT) since it 
is an image modality with additional information about 
the morphological characteristics and distribution of 
pulmonary lesions (17-19). Thus, it is extremely important 
to quantify the sequelae that are caused by PCM to better 
understand the mechanisms of the disease, to find possible 
variations between different forms of the disease and to 
allow the development of better therapies, according to the 
characteristics of the disease. 

The purpose of the present study was to evaluate the 
level of pulmonary sequelae caused by PCM from two 
endemic regions of Brazil (Botucatu, SP, in the southeast 
region and Campo Grande, MS, in the west central region). 
Fibrosis and emphysema were objectively quantified in 
treated patients with the chronic form of PCM. The 
quantifications were performed according to an established 

and validated computational method, using HRCT exams. 
The results were compared with clinical data.

Methods

Ethics statement

The present study was developed with approval from the 
ethics committee of the authors’ institutions and national 
review panels under protocol no. 3883-2011. For the study, 
all patient medical data were anonymized.

Patient selection

We performed a retrospective analysis of HRCT exams 
from 32 treated patients with the chronic form of PCM 
between 2010 and 2015. The Botucatu group included 17 
patients (17 men; age range, 36–67 years) with PCM at 
admission to the Infectious and Parasitological Diseases 
Service of the Medical School Hospital of Botucatu, 
Universidade Estadual Paulista, Botucatu, SP. The Campo 
Grande group included 15 patients (15 men; age range, 40–
76 years) with PCM at admission to the Maria Aparecida 
Pedrossian Medical School Hospital, Campo Grande, 
MS. Botucatu and Campo Grande are important endemic 
regions which accounts with reference hospitals for the 
PCM treatment.

PCM was confirmed by the identification of typical  
P. brasiliensis yeast forms. It was detected by a positive 
finding of specific serum antibodies by a double agar gel 
immune diffusion test (DID), together with radiological 
findings that suggested pulmonary involvement. Respiratory 
complaints and HRCT revealed interstitial and/or alveolar 
lesions, indicating a chronic character of the disease.

Patients were eligible for inclusion in the study if 
treatment with an anti-P. brasiliensis compound was 
successful (reflected by a negative serum anti-P. brasiliensis 
antibody result) (20) and if the chest HRCT revealed 
fibrotic scars and different amounts of emphysema. The 
period of treatment was 44.3±21.5 months, ranging between 
7 to 94 months. Most part of patients (93.8%) were 
treated exclusively using trimethoprim-sulfamethoxazole 
commonly known as otrimoxazole (CMX), which has good 
results to treat PCM (20) and is distributed free of cost 
by Brazilian government. Patients were treated until the 
clinical cure was achieved, e.g., disappearance of the signs 
and symptoms exhibited by the patients at recruitment, 
other than those possibly associated with sequelae. 
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Duration of symptoms was defined in this study as the 
period of time in which the patient had any associated PCM 
symptoms. The apparent cure was associated with clinical 
and serologic cure for more than 2 years after treatment 
discontinuance (20). Only patients who lived the entire life 
in one endemic region were selected, in order to avoid bias  
evaluation.

Patients were ineligible for the study if they presented 
unsuccessful treatment or another systemic or pulmonary 
disease of any cause (e.g., infectious, inflammatory, or 
neoplastic). Patients with any other historic of lung diseases 
were ineligible so that fibrosis were only due to PCM. Also, 
patients treated exclusively with any other medicament, such 
as itraconazol, were excluded from this work. Importantly, 
all of the patients were alcoholics and smokers. 

The classification of clinical forms and severity was 
described by Mendes (20,21).

Data acquisition

Images were obtained as retrospective HRCT scans on a 
helical computed tomography (CT)  scanner [SCT-7000TS, 
Shimadzu (Botucatu group); Aquileon, Toshiba (Campo 
Grande group)]. Axial sections (1-mm thickness) were 
obtained at 10-mm intervals throughout the entire chest, 
with 20–30 slices acquired for each patient. No contrast 
agents were administered for acquisition. An available set of 
32 HRCT examinations of the patients’ lungs was scanned, 
17 from Botucatu group and 15 from Campo Grande 
group. For each examination, the voxel distribution in 
Hounsfield units (HU) was obtained. In this study, assessed 
HRCT exams were acquired after achieving persistently 
negative serologic tests. 

Clinical data were obtained from the medical records 
of each patient. The obtained data were age, sex, disease 
severity, symptom duration, clinical and apparent cure 
times, titers on double immunodiffusion (DID) test, and 
smoking history. These data were used for comparisons 
with quantifications of lung sequelae that were based on a 
computed algorithm (17).

Computed algorithm

The algorithm implemented herein objectively quantifies 
fibrosis and emphysema using methodology described and 
validated in literature (17). The algorithm was developed 
in Matlab R2013a (Mathworks, Natick, MA, USA) and is 
based on histogram from lung tissues in HRCT exams. 
Validation of this method was made applying the algorithm 
in a virtual phantom with known amount of emphysema 
and fibrotic tissues (17).

Steps of algorithm are briefly described hereafter. 
The typical histogram of lung images (Figure 1) presents 
three well-separated characteristic peaks of the different 
tissues: around −800 HU for normal tissue, −950 HU for 
emphysemic tissue, and 70 HU for fibrotic tissue.

The lung was first manually segmented in each CT 
slice of the examination (Figure 2A). The segmented lung 
was then thresholded by analyzing the slice histogram. To 
quantify regions of sequelae in the thresholded images, an 
opening operation was applied to remove small-sized areas 
that likely resulted from density fluctuations rather than 
lung abnormalities. This resulted in a segmented image with 
four levels (outside lung areas, normal lung, emphysema, 
and fibrosis; Figure 2B). Final quantification was performed 
by determining the regions of the differentially labeled 
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Figure 1 Histogram of a patient’s examination slice, exhibiting characteristic peaks of (A) emphysemic; (B) normal; (C) fibrotic tissues.
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pixels (i.e., the classified lung volumes). The total quantity 
of each tissue was calculated applying these steps in all slices 
of the HRCT exam (17). 

Statistical analyses

The statistical analyses were performed using Minitab 
Statistical Software (MINITAB Inc., State College, PA, 
USA) version 15. The results of the objective quantification 
of lung tissues and clinical data were compared between 
both groups of patients (Botucatu and Campo Grande). 
For the clinical data evaluation, independent differences 
between groups were analyzed using Student’s t-test or the 
Mann-Whitney U test for parametric and nonparametric data, 
respectively. χ2 tests were used for frequency comparisons of 
patients with severe-stage disease. 

The lung tissue quantification was evaluated using 
analysis of covariance (ANCOVA). Before performing the 
ANCOVAs, all of the data were normalized. The ANCOVA 
was performed for each lung tissues quantification (fibrosis 
and emphysema) comparing Campo Grande e Botucatu 
group. Lung tissue quantifications were used as dependent 
variables and clinical data as the covariate. This analysis was 
performed since the two groups had significantly different 
clinical and apparent cure times and disease severity 
variables, which may have contributed to differences in 
lung sequelae. Therefore, these variables were corrected 
in the analysis, since they were used as covariates in an 
ANCOVA. Then, Tukey’s post hoc test was used to indicate 
significant differences between groups. Values of P<0.05 
were considered statistically significant.

Results

The clinical and epidemiological data for the patients from 
Botucatu and Campo Grande groups are shown in Table 1.  
All of the patients were smokers. The antifungal drug 
used by the patients (93.8%) was exclusively CMX. The 
remaining 6.2% used CMX for the majority of treatment 
time, however received another drug at some period of 
treatment.

Results from evaluation of HRCT by radiologists showed 
that radiological findings, in PCM patients assessed in 
this study, were mainly fibrosis and emphysema, which are 
the most relevant findings for the clinic. HRCT findings 
such as cavitary nodules and ground-glass and tree-in-
bud opacities are not evaluated, since they are prominent 
in pretreatment stage (17) and we included only patients 
successfully treated.

As a result of treatment, patients from Botucatu presented 
higher values of fibrosis in lungs, with significant differences 
between groups, as shown in Figure 3. On the other hand, 
patients from Campo Grande presented more emphysema. 
Statistical analysis revealed significant differences between 
groups, as shown in Figure 4. Differences found between 
groups are not due to variations in clinical data of the 
patients, since these data were used as covariates in ANCOVA 
analysis. Therefore, the differences found were corrected for 
clinical data distribution. 

Discussion and Conclusions

We analyzed PCM patients from two different endemic 
Brazilian regions (Botucatu, SP, in the southeastern region 
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Figure 2 Implemented algorithm to objectively quantify fibrosis and emphysema. (A) Manual segmentation in CT slice of the region of 
interest; (B) Thresholded slice image, showing the image with four levels.
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and Campo Grande, MS, in the west central region), which 
are distant around 1,000 kilometers. This analysis was 
based on clinical data that were associated with objective 
quantifications of pulmonary sequelae from HRCT exams. 
These objective quantifications were performed by an 
established and validated computational method (17). 

The two groups had similar characteristics with regard 
to age, symptom duration, smoking history, and titers on 
double immunodiffusion tests. However, the χ2 test results 
revealed differences in disease severity between groups. 

This test found more severe cases in the Campo Grande 
group, which may explain the greater clinical and apparent 
cure times in this group compared with the Botucatu 
group. Results of severity made by spirometry in PCM 
patients from Botucatu revealed that obstructive ventilator 
impairment (OVI) in 39% of patients were classified as mild, 
38% as moderate and 23% as severe. For Campo Grande 
patients, 56% were classified as mild, 33% as moderate and 
11% as severe. It is important to note that 23% and 40% 
from Botucatu and Campo Grande patients respectively, 

Table 1 Comparisons of the PCM patients’ clinical data from Botucatu and Campo Grande groups. The data are expressed as mean ± standard 
deviation for continuous data and frequency for categorical data 

Clinical data
Group 

Botucatu Campo Grande P value

Age (years) 54.5±9.7 56.0±10.0 0.676

Symptom duration (months) 8.6±8.8 9.2±5.8 0.627

Time to clinical cure (months) 5.2±4.4 10.5±9.2 0.013*

Time to apparent cure (months) 24.0±19.3 42.5±14.3 0.030*

Smoking history (pack-per-day years) 35.2±17.0 47.1±23.9 0.215

Double immunodiffusion test (range of titers) 1:2–1:128 1:2–1:64 0.362

Severe chronic form 6 (17.6%) 18 (60.0%) 0.001*

*, P<0.05, significant differences between groups (Mann-Whitney U test, Student’s t-test, or χ2 test). PCM, paracoccidioidomycosis.
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Figure 3 Quantitative analysis of comparisons between the 
percentages of lungs affected by pulmonary fibrosis (median =8.29 
in Botucatu group, median =2.21 in Campo Grande group). Each 
box represents the following statistical values: the lower and upper 
boundaries of the box indicate the 25th and 75th percentiles; the 
solid horizontal line in the box marks the median; and the square 
represents the mean. The whiskers above and below the box 
represent the standard deviation. *, P<0.05, significant differences 
between groups (Tukey’s test following ANCOVA).

Figure 4 Quantitative analysis of comparisons between the 
percentages of lungs affected by pulmonary emphysema (median 
=7.48 in Botucatu group, median =46.13 in Campo Grande group). 
Each box represents the following statistical values: the lower and 
upper boundaries of the box indicate the 25th and 75th percentiles; 
the solid horizontal line in the box marks the median; and the 
square represents the mean. The whiskers above and below the box 
represent the standard deviation. *, P<0.05, significant differences 
between groups (Tukey’s test following ANCOVA).
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did not realize this exam. Although spirometry provides 
clinically relevant parameters of the functional status of 
the patient (22), spirometric results should be made using 
the same kind of instrument and testing procedure (23).  
Furthermore, the test is dependent on the patients’ 
cooperation (24). Therefore, even with a greater percentage 
of patients from Botucatu with severe spirometric results, it 
is not possible to infer that Campo Grande has less severity 
cases, since 40% of patients has not realized the exam. 

Figure 3  shows that the presence of fibrosis was 
significantly higher in patients in the Botucatu group. The 
percentage of lungs that were affected by emphysema was 
significantly higher in the Campo Grande group (Figure 4). 

The Campo Grande group had a significantly higher 
percentage of emphysema, which might be attributable 
to PCM, tobacco, or other factors. Smoke habit in PCM 
patients is almost universal and, thus, is not feasible to 
study emphysema in no smoker PCM individuals (25). 
Therefore, we cannot provide a definitive reason for 
the higher percentage of emphysema in Campo Grande 
group. However, we can associate the presence of fibrosis 
exclusively to PCM because the patients had no other 
systemic or pulmonary disease of any cause. The Campo 
Grande group had more severe cases, and we expected 
that this group would have a higher percentage of fibrosis. 
However, the present findings show that the Botucatu 
group had a higher percentage of fibrosis compared with the 
Campo Grande group. Since the significant differences of 
the clinical data variables presented between groups (disease 
severity, clinical and apparent cure times) were corrected 
by using ANCOVAs, this increased amount of fibrosis in 
Botucatu group may be associated with differences in the 
cryptic species of the two regions. Whereas the amount 
of fibrosis can vary due to some factors, such as period of 
treatment, differences in cryptic species, etc. more studies 
should be done to clarify the differences observed herein. 
As this was a retrospective study, information’s about 
biochemical and genotyping tests was not available, given 
that PCM patients’ lives in rural area with limited resources. 
However, the developed methodology was applied with 
success to assess differences in amount of sequelae between 
groups.

These findings cannot be explained just with clinical 
aspects evaluated in this study. However, to date, there 
are different geographic distributions of Paracoccidioides 
genus. Theodoro et al. identified predominance of cryptic 
species S1 and PS2 of complex P. brasiliensis in Botucatu 
isolates whereas P. lutzii prevailed in the central west 

region of Brazil (26). In addition, other differences have 
been observed among Paracoccidioides species. Teixeira 
et al found morphologic variations between conidia of 
complex P. brasiliensis and P. lutzii (27). Studies evaluating 
double immunodiffusion (DID) test with sera from patients 
infected by different cryptic species complex P. brasiliensis 
and P. lutzii revealed wide variation in reactivity, suggesting 
significant differences among these fungi (12,28,29). In 
2016, Siqueira et al. found distinct patterns of host-parasite 
interaction and pathology caused by P. brasiliensis and P. 
lutzii (10).  

Prevention of human exposure to P. brasiliensis may 
be achieved if their survival and growth conditions are 
known, which can be possible by studying the geographical 
distribution of PCM (30). Studies have reported only the 
morphology of the different species, and the different 
levels of compromise that each species causes still need to 
be determined (31). However, inferring the biogeographic 
distribution of Paracoccidioides is not a simple matter due to 
long latency period of PCM, constant migration of human 
hosts and scarcity of environmental isolates (26).

Paracoccidioides genus is divided into five phylogenetic 
lineages, which may be a possible reason for the different 
clinical involvement. Further studies of immunopathogenesis 
are needed to better understand the possible associations 
between the different cryptic species and different clinical 
manifestations of PCM. Furthermore, more studies are 
necessary to geographically map these species in endemic 
regions. These studies may help the physicians better 
understand the mechanisms that underlie the variability in 
the outcomes of PCM patients, that could modulate the 
patient’s immune response resulting in less time of treatment 
which implies reduction of sequelae development (31).  
More studies also should be done to evaluate fibrosis 
using the proposed methodology herein in order to find a 
distinctive mark of residual PCM. 

One of the limitations of our study was the limited 
sample size. This retrospective study used all data available 
in Botucatu and Campo Grande hospitals. PCM patients 
treated in both hospitals centers lives in the countryside and 
most of them have restricted financial resources. Therefore, 
the rate of patients who appropriately finishes the treatment 
is reduced. Furthermore, from all PCM patients, only a 
part of them realized HRCT exam, resulting in a restricted 
number of patients eligible in this study. A second limitation 
is that it was not possible to determine the subtype of PCM 
because biochemical and genotyping tests are not performed 
in clinical routine in both hospitals. Other limitation is 
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that it was not possible to achieve a control group with 
smoking history patients, without any other pathology, 
to compare with emphysema results. In both hospitals, 
lung HRCT exams are only realized in patients who have 
systemic or pulmonary disease of any cause (e.g., infectious, 
inflammatory or neoplastic). Therefore, those patients were 
not eligible for the study herein.

In conclusion, the present study found significant 
differences between treated PCM patients infected by 
Paracoccidioides species from different geographical regions 
of Brazil. These differences were found in level of sequelae 
caused by PCM, mainly fibrosis, even after correction of 
clinical data, in order to allow comparison between groups. 
The findings presented herein may be due to different 
cryptic species of the Paracoccidioides genus from the 
analyzed geographic regions. The methodology presented 
may be useful to quantify sequelae in medical centers 
where the CT is the only exam available. Further, the 
presented tool has the potential to evaluate patients with 
different medication treatment, different disease severity 
and difference in causative agent. These findings may help 
unveil differences in terms of both morphology and the 
pulmonary consequences of this disease. These observations 
need to be explored further in an effort to rapidly and 
specifically detect Paracoccidioides species and improve 
diagnostic and therapeutic methods. 
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