Revista da Sociedade Brasileira de Medicina Tropical
Journal of the Brazilian Society of Tropical Medicine
Vol.:57 | (e00705-2024) | 2024
D https://doi.org/10.1590/0037-8682-0094-2024
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ABSTRACT

Background: Accurate diagnosis of paracoccidioidomycosis is crucial for improving patient outcomes. Paracoccidioides antibody
detection by double immunodiffusion (DID) is a convenient diagnostic tool, but testing performance can vary based on certain factors.

Methods: We assessed DID performance using a commercially prepared Paracoccidioides reagents (IMMY, USA), involving 40 serum
specimens, including 20 from patients with proven paracoccidioidomycosis and 20 from patients without the disease. The DID test
demonstrated a sensitivity of 90% (95% Cl=68%—-99%) and a specificity of 100% (95% Cl=83%—-100%).

Conclusions: Our findings suggest that DID using commercial reagents may provide a feasible tool with satisfactory testing performance

for anti-Paracoccidioides antibody detection.
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Paracoccidioidomycosis (PCM) is an endemic systemic mycosis
in Latin America, with most cases (~80%) reported in Brazil'=.
PCM is caused by Paracoccidioides spp., a thermally dimorphic
fungus that encompasses P brasiliensis complex and P lutzii'?.
Phylogenetic studies have identified four cryptic species within the
P, brasiliensis complex: P, brasiliensis sensu stricto (S1), P. americana
(PS2), P, restrepiensis (PS3), and P. venezuelensis (PS4)". PCM most
frequently affects males from rural regions and is considered an
occupational disease’. Infection occurs through the inhalation of
propagules of the mycelial phase and microconidia® Only 1-2%
of infected individuals develop symptoms, and the clinical forms
of PCM can be categorized into acute/subacute and chronic?*.
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The global burden of PCM is estimated at 4,000 cases per year,
and its annual incidence in Brazil ranges from 0.71 to 40 cases
per 100,000 inhabitants, with a 6.1%-7.6% mortality rate*5. PCM
can affect different organs and has a broad spectrum of clinical
manifestations®4. Pulmonary PCM is frequently misdiagnosed as
tuberculosis, which delays antifungal treatment and increases
morbidity and mortality*>’. Therefore, accurate laboratory
diagnosis is fundamental for differential diagnosis.

The standard method for laboratory diagnosis of PCM involves
either direct visualization of yeast cells in clinical specimens or
fungal isolation in culture®. However, the sensitivity of these
methods depends on the specimen type and the operator's
expertise, and the slow growth of the fungus often leads to
diagnostic delays'?>%°. Immunodiagnostic assays allow for
rapid diagnosis and prompt antifungal therapy?“. Antibody
detection can be performed using different methods, but
diffusion methods such as double immunodiffusion (DID) and
counterimmunoelectrophoresis are the most used*®"". DID is the
test of choice for antibody detection in PCM diagnosis and is widely
used in countries where PCM is endemic®'®'2. However, limited
access to commercial kits significantly hampers the implementation
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of DID>®. Furthermore, the antigen is prepared in-house, which
can lead to a lack of standardization in antigen preparation with
respect to the strain, culture media, growth conditions, and DID
gel plates?®. These factors contribute to variations in the sensitivity
and specificity of the antibody detection assays'*'2. This study
aimed to evaluate commercial DID reagents for detecting anti-
Paracoccidioides antibodies (Ab) in serum specimens.

This was a retrospective experimental study. We included a
total of 40 serum specimens, which had been stored at -20°C
since 2011. The specimens were divided into three groups. Group
1 consisted of 20 sera from patients with PCM, including six from
patients with a culture-proven diagnosis and 14 from patients with
a positive microscopic examination. We evaluated patients with
PCM regardless of sex, clinical form, or age. Furthermore, Group 1
was subdivided into patients with a new diagnosis (n=8) and those
undergoing treatment follow-up (n=12), with the latter tested
from six months to 12 months post-treatment initiation. Group 2
comprised ten serum samples from non-symptomatic volunteers.
Group 3 included ten serum specimens from patients with proven
diagnosis of mycosis other than PCM: four with sporotrichosis, two
with disseminated histoplasmosis, two with invasive fusariosis,
and two with invasive aspergillosis (Figure 1). This study received
approval from the HC-UFPR Research Ethics Committee under
registration CAAE 73792023.6.0000.0096.

DID was performed using the commercial Paracoccidioides
antigen (Ag), control sera, and Cleargel™ immunodiffusion plates
produced by IMMY (Norman, OK, USA). Specimens were stored at
-20°C; antigen and DID plates were stored at 2-8°C until testing.

Serum specimens were tested both undiluted and diluted with
saline solution (ranging from 1:2 to 1:16). The wells of the DID
plates were filled with undiluted serum, diluted serum (1:2, 1:4,
1:8, and 1:16) and control serum. A positive serum control was
included in all reactions. Thirty minutes after adding the specimens,

the central well was filled with Paracoccidioides Ag. The DID plates
were then incubated at room temperature for 24 and 48 hours.
Results were visually assessed under a high-intensity light against
a dark background (Figure 2).

DID demonstrated a sensitivity of 90% (95% confidence interval
[Cl], 68%—99%). Two false-negative results were recorded: one
from a patient with severe immunosuppression and another from
a patient with central nervous system PCM. Patients with PCM
displayed antibody titers ranging from undiluted to 1:32. Newly
diagnosed patients showed antibody titers from 1:8 to 1:32, while
patients in treatment follow-up presented titers from undiluted to
1:16. No false-positive results were observed, specificity at 100%
(95% C1=83%-100%) (Table 1).

Assays based on agar diffusion are characterized by variable
sensitivities, ranging from 75% to 95%®%'°. Different factors
could influence testing performance, including the diversity
of Paracoccidioides isolates used for antigen production, the
concentration of the antigen, the agar used for diffusion,
low-avidity 1gG2 antibodies directed against carbohydrate
epitopes, the clinical form, and the patient’s immune status>'"'3,
Nonetheless, we observed high performance from the DID
reagents evaluated, establishing this commercial kit as a
suitable option for diagnosing PCM. False-negative results
have been noted in patients with immunosuppression and
meningitis; these conditions are associated with low antibody
concentrations, which may compromise the effectiveness
of antibody detection assays in these patients*>'. No false-
positive results were recorded. Cross-reactivity with other fungal
infections has been reported, primarily in sera from patients with
histoplasmosis, due to the similarity of glycoproteins antigens™ .
However, more studies are needed to evaluate cross-reactivity.

This commercial Paracoccidioides ID kit had previously been
evaluated using counterimmunoelectrophoresis and a DID on in-

Sera specimens
(n=40)
| |
Group 1 Group 2 Group 3
PCM NSV*# Other mycoses
(n=20) (n=10) (n=10)
|
|
New diagnosis Follow-up Sporotrichosis (n=4)
(n=8) (n=12) Histoplasmosis
(n=2)

Fusariosis (n=2)
Aspergilosis (n=2)

FIGURE 1: Flow chart of study design for evaluating commercial immunodiffusion reagents for the detection of anti-Paracoccidioides antibodies in sera.

NSV: non-symptomatic volunteers.
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FIGURE 2: Example of DID results for the detection of anti-Paracoccidioides antibodies in serum specimens. Ag -
Paracoccidioides antigen in the center well; PC: positive control; 1:1, undiluted serum; 1:2-1:16 dilution. For PCM#5 and
PCM#6 sera from patients with proven paracoccidioidomycosis, the positive results were 1:16 and 1:8, respectively.
Histoplasmosis: Sera from patients with proven histoplasmosis, negative results (only precipitin band on positive control).
Asymptomatic: Sera from an asymptomatic volunteer, negative result (only precipitin band on the positive control).

TABLE 1: Analytical performance of DID for the detection of anti-Paracoccidioides antibodies.

PCM diagnosis

+ -
+ 18 0
IMMY DID
- 2 20
% (95% Cl)
Sensitivity 90 (68-99)
Specificity 100 (83-100)

Positive predictive value
Negative predictive value

Accuracy

100 (81-100)
91 (73-97)
88 (83-99)

Legend: -: Negative; +: Positive; 95% Cl: 95% confidence interval.

house agar plates, achieving a sensitivity of 75% and a specificity
of 100%'°. The higher sensitivity observed in this study can be
attributed to the use of Cleargel plates.

The DID reagents produced by IMMY utilize Paracoccidioides
antigens extracted from the culture filtrate during the mycelial
phase of P brasiliensis (ATCC PB339). This strain includes the
glycoprotein gp43, among other antigens. The serum specimens
evaluated in this study were sourced from patients with PCM
residing in the Brazilian state of Parana, where previous research
indicates that most cases are caused by the P. brasiliensis
complex™. Of the 20 patients evaluated, six were proven by

culture. One of these six cultures was identified as belonging to the
Paracoccidioides brasiliensis complex by sequencing the internal
transcribed spacer (ITS) region of the ribosomal DNA. Therefore,
the main limitation of this study was the non-inclusion of sera
from patients with infections caused by P lutzii.

Immunodiagnostic tests for PCM are crucial as they enable
rapid diagnosis and are useful for monitoring treatment. Currently,
DID is considered the gold standard for antibody detection;
however, significant interlaboratory variations persist, largely due
to the use of in-house produced antigens®. IMMY's Paracoccidioides
antigen enables standardization, and Cleargel™ plates facilitate
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the easy visualization of precipitin bands without the need for
staining or additional reagents. Employing commercial reagents
for DID is straightforward and could provide a suitable alternative
for multicenter testing of anti-Paracoccidioides antibodies.
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