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Abstract.

This study assessed adrenal function in patients with paracoccididioidomycosis who had been treated to

determine a possible connection between high antibody titers and adrenal dysfunction attributable to persistence of the
fungus in adrenal gland. Adrenal gland function was studied in 28 previously treated patients, 2 (7.1%) of whom were
shown to have adrenal insufficiency and 7 (259%) who showed a below normal response to stimuli by adrenocortico-
tropic hormone. Paracoccidioides brasiliensis was detected in the adrenal gland from one of the patients with adrenal
insufficiency. Although the study failed to demonstrate a significant difference between high antibody titers and low
cortisol levels, the proportion of adrenal insufficiency detected and the subnormal response to adrenocorticotropic
hormone confirmed that adrenal damage is an important sequela of paracoccidioidomycosis. Studies with a larger
number of patients should be conducted to confirm the hypothesis of persistence of P. brasiliensis in adrenal gland

after therapy.

INTRODUCTION

Paracoccidiodomycosis (PCM) is a systemic endemic disease
caused by the thermally dimorphic fungus Paracoccidioides
brasiliensis; it is geographically restricted to Latin America
where it is considered a prevalent mycosis.!? Primary lung
involvement leads to damage of multiple organs, including
skin, mucous membranes, lymph nodes, adrenal glands, and
central nervous system.’> Adrenal insufficiency is a frequent
complication of PCM; prevalence rates range from 2.9% to
48.2%, depending on the method used to diagnose the dis-
order.*® The presence of P. brasiliensis in the adrenal gland
has been reported, specifically in autopsy cases (85-90%),%7
and more recently, in patients who have been treated for the
disease.’

We have noted that certain patients with the mycosis show
persistently elevated antibody titers even after completion of
an adequate treatment course, which suggests a continuous
antigenic stimulus, probably caused by persistence of the fun-
gus in the body. The present study evaluated the status of the
adrenal gland function after completion of antifungal therapy
and prolonged follow-up periods; further efforts were made to
define the possible relationship among antibody titers against
P. brasiliensis, basal cortisol levels, and post-ACTH stimula-
tion results.

PATIENTS AND METHODS

This cross-sectional study included patients with PCM
who had been treated earlier at the Corporaciéon para
Investigaciones Bioldgicas in Medellin, Colombia, and who
have had no previous history of adrenal insufficiency not con-
comitant tuberculosis. At time of the present study, all patients
underwent a thorough clinical evaluation to identify possi-
ble manifestations of adrenal insufficiency or foci of activity
caused by the causative fungus.
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All patients were bled after fasting at 8:00 am for mea-
surement of antibody titers by using complement fixation
and basal cortisol levels by using electrochimioluminiscence.
Patients were then administered 250 pg of adrenocorticotropic
hormone ACTH (Synacthen® aqueous; Endocrine Sciencies,
Tarzana, CA) in a two-hour infusion. Measurements of serum
cortisol levels were repeated an hour after the infusion had
been completed.

Those patients who were diagnosed with adrenal insuf-
ficiency (see definition below) were subjected to abdominal
computerized tomography with emphasis on adrenal glands by
using the multislice computer tomograph Somaton Emotion 6
(Siemens, Munich, Germany).

Patients were assigned to one of two groups according
to the results of complement fixation, those with low titers
(< 1:32) and those with higher titers (> 1:32).” Adrenal insuf-
ficiency was defined when basal cortisol or cortisol after
ACTH stimulation measurements gave the following results:
a basal cortisol < 5 pug/dL or a cortisol post-ACTH stimulation
< 18 ug/dL. A subnormal response to ACTH stimulation was
considered when the cortisol levels increased < 16.5 pg/dL
from baseline values, as defined by Colombo and others.!

All results were kept in a database created in Microsoft
Excel® (Microsoft, Redmond, WA) for this purpose and were
processed using the SPSS software version 15.0° (SPSS Inc.,
Chicago, IL). Quantitative data are presented as the mean
and standard deviation and qualitative data as absolute fre-
quencies and percentages. The Student’s #-test was used to
compare quantitative variables. Results are presented as
mean difference and 95% confidence intervals. A P value
< 0.05 was considered statistically significant. Normality of
the quantitative variables was checked by using the Shapiro-
Wilk test.

This study was reviewed and approved by the Ethics
Committees of the Universidad Pontificia Bolivariana and
the Corporacidon para Investigaciones Bioldgicas in Medellin,
Colombia. The corresponding work was subjected to the prin-
ciples in the Helsinki Declaration. All patients freely autho-
rized their participation in the study by signing an informed
consent form prior to undertaking any activity belonging to
the proposed research study.
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RESULTS

Twenty-eight patients with previously treated PCM were
included in this study. All were males, with a median age of
55.3 years (range = 25-76 years), the mean + SD time since
PCM diagnosis and entry into the study was 13 + 9.22 years
(Table 1).

According to clinical presentation of the disease, 17 (60.7%)
patients had the chronic multifocal form, 6 (21.4%) had the
sub-acute form, and 5 (17.9%) had the chronic unifocal form.
The most frequent sites of involvement at diagnosis were
the lungs (85.7%), followed by mucous membranes (64.3%),
lymph nodes (32.1%), skin (28.6%), liver (7.1%), and spleen
(7.1%). The characteristics of the organs involved by the fun-
gus in the group studied are summarized in Table 2.

Treatment consisted of the following azolic compounds:
itraconazole was given to 18 (64.3%) patients, ketocon-
azole was given to 4 (14.3%), and other azoles were given to
2 (7.1%) patients; the remaining 4 (14.3%) received antifungal
combinations. The mean + SD duration of treatment was 7.8 =
3.6 months.

In relation to signs and symptoms of adrenal insufficiency
at the time of clinical evaluation for this study, asthenia was
reported in three patients, anorexia and adynamia in four,
nausea and vomiting in one, and weight loss in two; no patient
reported diarrhea. One patient had low blood pressures and
2 patients had orthostatism. Three of the patients had hyper-
pigmentation of the skin and mucous membranes. A total of 7
of the 28 patients (25%) had signs of adrenal damage.

At time of the initial PCM diagnosis, antibody titers, as mea-
sured by complement fixation, were available in the records
for 26 (92.9%) of the 28 patients studied and in 27 (96.4%)
of 28 at end of antifungal therapy. At diagnosis, 20 (76.9%)
patients showed high antibody titers (= 1:32),in 11 (40.7%) of
whom they persisted at equal titers at end of therapy. At the
time of the present evaluation post-therapy, 3 (10.7%) of such
patients had persistently high titers (> 1:32).

The mean + SD cortisol basal level was 13.45 + 4.81 ug/dL
(range = 1.40-20.05 ug/dL). After ACTH stimulation, the + SD
mean cortisol level increased to 34.36 = 7.41 ug/dL (range =
22.04-51.68 ug/dL). The mean + SD increase after stimula-
tion was 20.47 + 6.35 pg/dL (range = 8.50-34.60 pg/dL). In

TaBLE 1

Baseline characteristics of 28 patients with paracoccidioidomycosis
and evaluation of adrenal function

Characteristic Value

Age, years (range) 55.3 (25-76)
Male:female ratio 28:0
Occupation, no. (%)

Farmer 11 (39.3)

Mason 4(14.3)

Several occupations 3(10.7)

Retired 3(10.7)

Unemployed 2(7.1)

Others* 5(17.9)

Coomorbilities, no. (%)

Chronic obstructive pulmonary disease 4(14.3)
Smoking 24 (85.7)
High blood pressure 4(14.3)
Others¥ 5(17.9)

*Watchman, charcoal burner, carpenter, salesman, and driver.
+Skin cancer, infection with human immunodeficiency virus, diabetes mellitus, cardiac fail-
ure and hypothyroidism.

TABLE 2

Characteristics of 28 patients with paracoccidoidomycosis and evalu-
ation of adrenal function

Characteristic Value

Form of the mycosis, no. (%)

Chronic unifocal 17 (60.7)
Chronic multifocal 6(21.4)
Subacute 5(17.9)
Organs affected, no. (%)
Lungs 24 (85.7)
Mucosae 18 (64.3)
Lymph nodes 9(32.1)
Skin 8(28.6)
Liver 2(7.1)
Spleen 2(7.1)
Time since diagnosis, years (SD) 13.32 (9.22)
Type of antifungal drug, no. (%)
Itraconazole 18 (64.3)
Ketoconazole 4(14.3)
Saperconazole 1(3.6)
Fluconazole 1(3.6)
Ketoconazole/posaconazole 1(3.6)
Itraconazole/ketoconazole 2(7.1)
Amphothericin B/trimethoprim and sulfamethoxazole 1(3.6)
Duration of treatment, months (SD) 7.8 (3.6)

one patient, no cortisol samples after ACTH stimulation were
obtained because of his poor clinical condition. Adrenal insuf-
ficiency was diagnosed in 2 (7.14%) patients whose basal
cortisol values were 1.4 ug/dL and 4.8 ug/dL, respectively. A
total of 7 (25.9%) of the 27 patients showed minor increases
(16.5 pg/dL) after ACTH stimulation, with only one hav-
ing received ketoconazole treatment for PCM. All of them
had cortisol values > 18 ug/dL after ACTH administration.
Comparison of cortisol values obtained with antibody titers
against P, brasiliensis are shown in Tables 3 and 4.

The two patients with adrenal insufficiency had skin and
mucous membranes hyperpigmentation. In addition, one of
them had constitutional symptoms and low blood pressure. In
this patient, abdominal computed tomography showed adre-
nal glands with an irregular, nodular appearance, calcifica-
tions (Figure 1). The biopsy of one of the glands confirmed
the presence of P. brasiliensis in the gland’s parenchyma. In
the remaining patient, computed tomography of the adrenal
glands showed morphologically normal glands but no biopsy
specimens were obtained. Both patients had been treated pre-
viously with itraconazole for control of their fungal infection.

DISCUSSION

The adrenal gland tissues are highly susceptible to inva-
sion by multiple pathogens, including P. brasiliensis and other
fungi, because of immunosuppression caused by their high
steroid concentrations.!'™® Paracoccidioides brasiliensis has

TABLE 3

Cortisol levels in relation to antibody titers against Paracoccidoides
brasiliensis at end of therapy for paracoccidioidomycosis*

Antibody titers

Cortisol levels,

ng/dL (SD) Low (n = 16) High (n=11) P Mean difference (95% CI)
Basal 14.56 (3.89) 11.40 (5.55) 0.09 3.16 (~0.57 to 6.89)
Post-ACTH  35.88(6.52) 32.16(8.82) 022 3.72(-2.49 to 9.94)

Mean increase 21.32 (6.29) 19.76 (6.62) 0.55 1.56 (~3.78 to 6.90)

*CI = confidence interval; ACTH = adrenocorticotropic hormone.
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TABLE 4

Cortisol levels in relation to antibody titers against Paracoccidiodes
brasiliensis at follow-up visit*

Antibody titers
Cortisol levels,

ug/dL (SD) Low (n =25) High (n = 3) P Mean difference (95% CI)
Basal 13.20 (4.99) 15.50 (2.33) 0.44 —2.30 (-8.38 t0 3.78)
Post-ACTH  33.66 (7.34) 39.93 (6.55) 0.23 —6.26 (~15.44 to 2.91)

Mean increase 19.97 (6.45) 24.42 (4.37) 0.26 —4.45 (-12.41 to 3.50)

*CI = confidence interval; ACTH = adrenocorticotropic hormone.

special tropism for adrenal tissues, as shown by its visualiza-
tion in the glands of 90% of the autopsy cases.®’

Fungal invasion of the adrenal glands results in a chronic
granulomatous inflammation of the parenchyma, the degree
of which appears to correlate with the extent of adrenal dys-
function.®>" This finding enables a wide spectrum of involve-
ment that extends from the asymptomatic patient,in whom the
gland may act as a reservoir for P. brasiliensis, passing through
the patient with a subnormal response to ACTH stimulation,
and ending with a patient with symptoms accompanied by low
basal cortisol levels.

Symptomatic adrenal insufficiency is observed in 3-10% of
PCM patients,'!? with this problem being observed in a larger
number of patients (14-21%) through an insufficient cortisol
increase after ACTH stimulation, even in those patients that
have received treatment for the fungal infection.’ Similar data
were found in this study, namely, 7.1 % for adrenal insufficiency
and 25.9% for subnormal response after ACTH stimulation.

Despite the fact that a subnormal response to ACTH stimu-
lation does not carry physiological implications, the varying
degrees of adrenal involvement found (symptomatic adre-
nal insufficiency, subnormal response to ACTH stimulation,
and damage detected only by autopsy studies), suggest a wide
range of adrenal abnormalities, an important proportion of
which had no clinical manifestations. Faigal and others dem-
onstrated the presence of P. brasiliensis in one patient with
previously treated PCM in whom adrenal insufficiency devel-
oped several years after completion of antifungal therapy.?
This finding suggests that the adrenal glands could act as a
reservoir for the fungus, thus facilitating relapses; progres-
sive destruction of the gland with subsequent development of
insufficiency may also occur.

FiGure 1. Adrenal gland in a patient with paracoccidioidomycosis
and adrenal insufficiency. Note the nodules and calcifications.

The persistence of high antibody titers against P. brasilien-
sis by the end of treatment and during post-therapy follow-up
periods is a frequent finding in patients with PCM.!¢ This find-
ing suggests the persistence of the fungus in the body, as shown
by the 40.7% of the patients in whom high antibody titers per-
sisted not only up to the end of treatment, but also in 10.7%
of them at time of their last follow-up visit (mean observation
time = 13.32 years). However, an association between elevated
antibody titers and low cortisol levels could not be established.
Nonetheless, this study demonstrated the presence of P. brasil-
iensis in one patient with symptomatic adrenal insufficiency
eight years after completion of an otherwise effective therapy;
this patient was included in a previous report.”

The inclusion in this series of patients with prior use of keto-
conazole, a known reversible inhibitor of 21-ahydroxylase,
could have complicated the results of this study. However,
none of the patients with adrenal insufficiency had previously
received this azole and only one patient with previous use of
this medication showed subnormal response after the admin-
istration of ACTH.

This study showed that in PCM patients who had been
previously treated, the prevalence of adrenal insufficiency
was 7.1% with the subnormal response to ACTH stimula-
tion being higher (25.9%). These figures confirm not only the
high frequency of damage caused by the fungus to the adrenal
glands but its persistence throughout the years after comple-
tion of therapy. Although it was not possible to establish an
association between high antibody titers against P. brasiliensis
and low cortisol levels, subsequent studies involving more
patients should be conducted to clarify a possible relationship
between these observations. Follow-up studies should be con-
ducted in an attempt to assess if in, due time, the subnormal
response to ACTH would predict progress towards adrenal
insufficiency.
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