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Abstract

Background: Histoplasmosis is a major opportunistic fungal infection in immunocompro-
mised individuals, particularly people living with HIV in Latin America. Early diagnosis is
essential to reduce morbidity and mortality, but commercial urinary Histoplasma antigen
assays are not consistently accessible in many endemic settings. Methods: We developed
a locally produced enzyme-linked immunosorbent assay (ELISA) to detect urinary Histo-
plasma antigen in urine and performed a preliminary clinical evaluation. The assay is based
on a sandwich ELISA format using rabbit polyclonal antibodies raised against whole-killed
yeast cells of Histoplasma capsulatum. Receiver operating characteristic (ROC) analysis was
performed with urine samples from patients with progressive disseminated histoplasmosis
(PDH) (n = 37) and healthy controls (n = 20). An exploratory disease-control panel (1 = 11)
was also tested to assess cross-reactivity. Preliminary analytical characterization included
blank-based estimation of the limit of detection (LOD) and limit of quantification (LOQ).
Results: Using a Youden-derived cutoff of ODyg, = 0.243, the in-house ELISA showed a
sensitivity of 73.0% (27/37; 95% CI: 55.9-86.2%) and a specificity of 100.0% (20/20; 95%
CI: 83.2-100.0%) in the main ROC dataset, with an area under the curve of 0.856. In
the exploratory disease-control panel, 2 of 11 specimens were reactive (one paracoccid-
ioidomycosis and one cryptococcosis sample). Preliminary LOD and LOQ estimates were
4.46 ng/mL and 8.15 ng/mL, respectively. Conclusions: This locally developed ELISA rep-
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1. Introduction

Histoplasmosis is a widespread endemic disease in several areas of the Americas, as
well as in certain regions of Asia and Africa, and is caused by the thermally dimorphic
fungus Histoplasma capsulatum [1]. While it can infect immunocompetent individuals, severe
disease is most common in patients with impaired T-cell immunity, particularly people
living with HIV (PLHIV) [2]. In this population, progressive disseminated histoplasmosis
(PDH) is the predominant clinical manifestation and can result in high morbidity and
mortality when diagnosis and treatment are delayed [3,4].

Despite its clinical impact, histoplasmosis remains underrecognized and underre-
ported as a public health problem [5]. In Latin America, PDH represents a major threat
among HIV-infected individuals [6], and Argentina is a high-burden country, where histo-
plasmosis is a frequent systemic mycosis in PLHIV [7].

Diagnosis of PDH is challenging because the clinical presentation is nonspecific and
may mimic other infections, including disseminated tuberculosis [8]. Conventional diagnos-
tic methods such as culture and histopathology remain important reference methods, but
they are limited by low sensitivity, require trained personnel and biosafety infrastructure,
and may delay diagnosis for days to weeks.

Immunodiagnostic assays provide practical advantages. Complement fixation and
immunodiffusion are standard serologic tests, but they show limited sensitivity (38-70%)
in immunocompromised patients [9,10].

Urinary Histoplasma antigen detection is recommended by the WHO and the Pan
American Health Organization for the diagnosis of PDH in PLHIV, owing to its high sen-
sitivity, rapid turnaround time, and clinical value [11]. This method is also included
in the second WHO Model List of Essential In Vitro Diagnostics [12]. These assays
show high sensitivity (67.3-95.0%) and are commercially available in parts of Latin
America [10,13-15]. In Argentina, available options are limited to the Clarus Histoplasma
Galactomannan Enzyme Immunoassay (Clarus HGM, IMMY, Norman, OK, USA) and the
Histoplasma ~ Urine  Antigen Lateral Flow Assay (MiraVista Diagnostics,
Indianapolis, IN, USA), both targeting Histoplasma galactomannan (GM) [16,17]. Reported
sensitivities and specificities are 72.0-98.0% and 91.0-100.0% for the Clarus HGM, and
78.8-96.0% and 73.9-100.0% for the LFA [4,14,16,18-22]. These platforms have improved
access to rapid diagnosis, but availability and cost remain uneven across endemic settings.

Against this background, local development of antigen detection platforms remains of
interest, particularly as an initial step toward context-adapted diagnostics. Here we describe
the development and preliminary clinical evaluation of a locally produced sandwich ELISA
for Histoplasma urinary antigen detection. In this work, we also included preliminary
analytical and clinical performance results obtained in our laboratory using this assay.

2. Materials and Methods
2.1. Study Specimens

A total of 68 urine samples were analyzed, including 31 from PLHIV with proven
PDH, 6 from PLHIV with probable PDH, and 11 from patients with other infectious dis-
eases with clinical features similar to histoplasmosis—specifically paracoccidioidomycosis
(n = 3), cryptococcosis (n = 5), tuberculosis (1 = 2), and Pneumocystis jirovecii pneumonia
(n =1). An additional 20 samples were obtained from healthy individuals residing in a
histoplasmosis-endemic area. All specimens were blinded prior to testing.

Proven PDH cases were defined by either isolation of H. capsulatum in culture or micro-
scopic identification of the organism in clinical specimens, in accordance with the modified
criteria of the European Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National Institute of Allergy and Infec-
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tious Diseases Mycoses Study Group [23]. Probable cases were defined as patients with
compatible clinical and epidemiological features and supportive mycological evidence—
such as antigen detection or positive serology—without direct confirmation by culture
OT microscopy.

Diagnostic testing was conducted at two centers in Argentina: Hospital Posadas and
the Mycology Center at the School of Medicine, University of Buenos Aires. Samples were
collected between 2019 and 2025 and stored at —80 °C until analysis.

The study received approval from the institutional review board “Dr. Vicente Federico
Del Gitudice” at Hospital Nacional Alejandro Posadas (Ref. 395 EMnPES0/20) and from
the institutional review board of the Faculty of Pharmacy and Biochemistry, University of
Buenos Aires (EXP-UBA 58003/18, Resolution No. 821).

2.2. Rabbit Immunization, Antibody Purification and Biotinylation

The H. capsulatum strain Hc17641 clade LAm A1, isolated from a biopsy of a palate
ulcer from a patient with chronic disseminated histoplasmosis (culture collection of the
Mycology bank of the Center of Mycology of the School of Medicine, University of Buenos
Aires), was used for rabbit immunization, as previously reported [24]. Briefly, two female
New Zealand rabbits (2-3 kg) were injected intravenously with 1 mL of a suspension of
whole-killed yeast cells on days 0,1, 8, 10, 15, 23, 29, and 32. Rabbit antisera were screened
by indirect ELISA using the yeast-derived GM (yGM) ELISA previously developed by
our research group [25]. Briefly, the indirect ELISA was performed using 96-well flat-
bottom plates (Nunc MaxiSorp™, Thermo Scientific, Roskilde, Denmark) coated with
0.1 ug/well of yGM in PBS (pH 7.4) and incubated overnight at 4 °C. Plates were washed
with PBS-0.05% Tween 20 (PBST) and blocked with 3% non-fat dry milk in PBS for 1 h
at room temperature. Serum samples were tested in duplicate at a 1:1000 dilution and
incubated for 1 h at room temperature. After washing, horseradish peroxidase-conjugated
goat anti-rabbit IgG (1:10,000; Jackson ImmunoResearch, West Grove, PA, USA) was added
and incubated for 1 h. Following a final wash, OPD substrate (2 mg/mL in 0.1 M citrate
buffer, pH 5.0, with 0.03% H;O,) was added for 10 min in the dark. The reaction was
stopped with 4 N H,SOy, and absorbance was read at 492 nm using a microplate reader
(Multiskan GO™, Thermo Scientific, Vantaa, Finland).

Total rabbit IgG antibodies were then purified by protein A affinity chromatography
using a HiTrap™ rProtein A FF column (Cytiva, MA, USA), following the manufacturer’s
instructions. One half of the purified IgG preparation was labeled with biotin using EZ-
Link™ Sulfo-NHS-Biotin (Thermo Scientific, Rockford, IL, USA) at an IgG:biotin ratio
of 1:50.

2.3. Double Antibody Sandwich ELISA

Purified rabbit IgG was diluted to 25 pg/mL in 0.01 M Tris-HCl buffer (pH 7.0), and
100 uL were added to each well of high-binding ELISA strips (Ivema, Buenos Aires, Ar-
gentina). Plates were incubated overnight at 4 °C. After blocking with 5% (w/v) BSA in
0.01 M Tris-HCl buffer (pH 7.0), 100 uL of urine samples were added to each well and plates
were incubated at 37 °C for 1 h. Positive and negative run controls consisted, respectively, of
100 pL of a 0.01 pg/mL solution of yGM preparation obtained as previously reported [25],
and 100 pL of 0.01 M Tris-HCI buffer (pH 7.0). Briefly, the yeast phase was obtained by
culturing cells in tryptic soy broth (1 L) at 37 °C for 7 days under shaking (200-250 rpm).
Cells were harvested by centrifugation, washed, and inactivated with 4% thimerosal for
7 days at room temperature. The suspension was centrifuged, and the supernatant was
sequentially filtered, diafiltered to 20 mL, acidified to pH 3.5, and clarified by centrifuga-
tion. The soluble extract was subjected to ion-exchange chromatography at pH 3.5; the
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flow-through was treated with proteinase K, followed by diafiltration and lyophilization.
Plates were then incubated with biotinylated rabbit anti-H. capsulatum IgG antibodies in
0.1 M Tris-HClI buffer (pH 8.0) at 37 °C for 1 h. After washing, streptavidin-horseradish
peroxidase (1:1000, Sigma-Aldrich, St. Louis, MO, USA) diluted in 0.1 M Tris-HCI buffer
(pH 8.0) containing 5% (w/v) BSA, was added and incubated at 37 °C for 1 h. The reaction
was developed with 3,3’ /5,5 -tetramethylbenzidine (TMB; BioRad, Hercules, CA, USA),
stopped with 4 N H,SO4, and absorbance at 492 nm was measured with a Multiskan GO™
microplate reader.

2.4. Preliminary Analytical Characterization

A yGM reference preparation [25] was used to generate a preliminary concentration-
response curve ranging from 0.375 to 100 ng/mL. Calibration points were tested in dupli-
cate, and four blank replicates were included. The mean blank optical density (OD) and
standard deviation were used to estimate the limit of detection (LOD = mean blank + 3 SD)
and the limit of quantification (LOQ = mean blank + 10 SD). OD values were converted to
concentration by interpolation using the calibration curve generated during assay setup.

2.5. Statistical Analysis

Statistical analyses were conducted using GraphPad Prism version 8.4.2. The discrimi-
natory ability and diagnostic accuracy of the ELISA assays were assessed by constructing
receiver operating characteristic (ROC) curves based on the ELISA data set. Cutoff values
were established using Youden’s index [26].

Samples were classified as true positive (TP; PDH patients with positive results in the
Histoplasma immunoassays), false positive (FP; control individuals with positive results),
true negative (TN; control individuals with negative results), and false negative (FN; PDH
patients with negative results).

Sensitivity, specificity, positive and negative predictive values, and overall accuracy
were calculated for each assay using standard formulas: sensitivity = TP /(TP + FN) x 100;
specificity = TN/(TN + FP) x 100; positive predictive value = TP /(TP + FP) x 100; negative
predictive value = TN /(TN + FN) x 100; and accuracy = (TP + TN) /(TP + TN + FP + FN)
x 100. All estimates were reported with their corresponding 95% confidence intervals.

3. Results

In the double-antibody sandwich ELISA, healthy-control urine specimens showed
ODy93 nm Vvalues from 0.002 to 0.100, whereas PDH urine specimens ranged from 0.0.3 to
0.718 (Figure 1). The PDH group had a mean ODyg; of 0.350 £ 0.221 and a median of
0.348 (Figure 1). ROC analysis of the main diagnostic performance set yielded an area
under the curve (AUC) of 0.856 (95% CI: 0.760-0.952). The cutoff selected by Youden's
index was ODjygy = 0.243 (Figure 2). At this threshold, the ELISA showed a sensitivity of
73.0% (27/37; 95% CI: 55.9-86.2%) and a specificity of 100.0% (20/20; 95% CI: 83.2-100.0%).

Overall accuracy was 82.5% (47/57; 95% CI: 70.1-91.3%). The positive predictive
value was 100.0% (95% CI: 87.2-100.0%) and the negative predictive value was 66.7%
(95% CI: 54.1-77.3%).

Of the 11 urine samples from patients with other infectious diseases, reactivity was
observed in 1 of 3 paracoccidioidomycosis specimens and 1 of 5 cryptococcosis specimens,
whereas no reactivity was observed in the small tuberculosis (0/2) and Prneumocystis jirovecii
pneumonia (0/1) subsets.

Preliminary analytical characterization yielded an estimated LOD of 4.46 ng/mL and
an LOQ of 8.15 ng/mL for the yGM reference preparation.

https://doi.org/10.3390/jpbi3020010


https://doi.org/10.3390/jpbi3020010

J. Pharm. BioTech Ind. 2026, 3, 10 50f9

1.0-

0.8

.

= .

c 06 33

o ee®

L

<t e

QO 04— O:.o

o ® 0 e .
®e

0.2- 'i_' CUTOFF:
: 0.1517
ST~ - Y

-
| § n

0.0

PDH HNU CR

n=37 n=20 n=11

Figure 1. Anti-H. capsulatum double-antibody sandwich ELISA for urinary antigen detection. Optical
density (OD) values obtained by ELISA from urine samples of patients with progressive disseminated
histoplasmosis (PDH) (1 = 37) and from healthy individuals (NHU) used as negative controls (n = 20).
CR: Cross-reactions with other fungal infections. The boxplots show the median and the 25th—75th
percentiles, while the whiskers represent the minimum and maximum values for each group. The
dotted line (----) indicates the assay cutoff value.
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Figure 2. Receiving Operating Characteristic (ROC) curves for the anti-H. capsulatum double-antibody
sandwich ELISA for urinary antigen detection. The area under the curve (AUC) estimates the
discriminative power the ELISA. The dashed line represents the line of no discrimination, and the
dark gray dot indicates the optimal cutoff point. The dashed line represents the reference line, and
the dark gray dot indicates the selected cutoff value.

4. Discussion

The development of accessible diagnostic tools for histoplasmosis remains a priority,
particularly in endemic regions where access to commercial antigen detection assays is
limited. In this study, we evaluated an in-house double-antibody sandwich ELISA for the
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detection of H. capsulatum antigen in urine samples from patients with PDH. The assay
showed a sensitivity of 73.0% and a specificity of 100.0%, with an overall diagnostic accu-
racy of 82.5%. Compared with published commercial assays, the performance of our ELISA
is modest. The sensitivity observed in our assay is lower than that reported for current mon-
oclonal antibody-based commercial EIAs and lateral flow assays [14,16-21], but remains
within the range described for earlier polyclonal Histoplasma antigen detection assays based
on rabbit IgG antibodies against H. capsulatum, which detect GM-containing antigenic
components in urine [27,28]. In particular, the IMMY ALPHA Histoplasma antigen EIA, a
commercially available sandwich ELISA based on polyclonal rabbit antibodies, has shown
limited sensitivity across independently evaluated, clinically characterized cohorts, with
reported values ranging from 61.9% [27] to 67.1% [28] and 67.3% [14]. These findings
consistently indicate variable and suboptimal diagnostic performance, which has limited
broader clinical uptake. Notably, the IMMY ALPHA assay shares conceptual similarities
with the ELISA evaluated herein, as both are based on polyclonal antibodies raised against
whole H. capsulatum yeast cells.

The differences in performance are biologically plausible. Our assay relies on total
rabbit polyclonal IgG raised against whole-killed yeast cells, which recognizes a broad
and heterogeneous antigenic repertoire compared with monoclonal GM-targeting systems.
While this broad reactivity may enhance signal detection, it may also reduce analytical
specificity due to increased background reactivity. In this context, assay refinement strate-
gies such as affinity purification of anti-Histoplasma antibodies using a GM-based matrix
may help enrich GM-reactive immunoglobulins and improve analytical sensitivity.

The exploratory disease-control panel confirmed that cross-reactivity remains an
important issue. Reactive signals were observed in one paracoccidioidomycosis specimen
and one cryptococcosis specimen. This finding is consistent with the long-recognized
tendency of Histoplasma antigen assays to cross-react with other endemic mycoses and
some fungal infections [9,27]. At the same time, the limited size of our disease-control
panel prevents definitive statements regarding clinical specificity.

The study also has other important limitations. First, the sample set is relatively small
and enriched for cases, which inflates predictive values and widens confidence intervals.
Second, we did not perform a direct head-to-head comparison with a commercial assay on
the same archived specimens, largely because paired testing of all residual samples was not
feasible during the study period. Third, formal analytical validation remains incomplete:
we added preliminary LOD/LOQ estimates and an exploratory selectivity assessment,
but inter-assay precision, reagent stability, lot-to-lot reproducibility, operator-to-operator
variability, and multicenter transferability still need to be established.

Several strategies may improve sensitivity in future assay iterations. Urine concen-
tration by ultrafiltration has been shown to rescue antigen detection in 73.8% of previ-
ously false-negative Histoplasma urine specimens [29]. Further optimization of the cap-
ture/detection reagents, including affinity enrichment or replacement with monoclonal
antibodies, is also likely to improve analytical performance [30,31]. In addition, recent
literature indicates that antigen excess can occasionally yield weak or false-negative urine
antigen results; therefore, testing serial urine dilutions in clinically suspected samples
may be useful in future versions of the method [29-31]. Other practical avenues include
optimization of coating density, detector biotinylation, blocking conditions, and specimen
pretreatment. Overall, our results support the feasibility of developing locally produced
ELISA platform for urinary Hisfoplasma antigen detection in Argentina, but they should be
interpreted as preliminary. Although further optimization is required to improve sensitiv-
ity, this approach may represent a promising strategy to expand access to histoplasmosis
diagnosis in endemic regions. Future studies including larger cohorts and multicenter
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evaluations will be necessary to validate the clinical performance of this assay and to assess
its potential role as a complementary diagnostic tool in routine laboratory practice.
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