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Abstract

:

Coccidiomycosis is a potentially life-threatening fungal infection endemic to certain regions of Argentina. The infection is caused by Coccidioides spp. and is primarily diagnosed by Coccidioides antibody (Ab) detection. Access to rapid, highly accurate diagnostic testing is critical to ensure prompt antifungal therapy. The sōna Coccidioides Ab Lateral Flow Assay (LFA) performs faster and requires less laboratory infrastructure and equipment compared with other Ab detection assays, potentially providing a substantial improvement for rapid case screening in coccidioidomycosis-endemic regions; however, validation of this test is needed. Thus, we aimed to evaluate the analytical performance of the sōna Coccidioides Ab (LFA) and compare agreement with anti-Coccidioides Ab detection assays. A total of 103 human sera specimens were tested, including 25 specimens from patients with coccidioidomycosis and 78 from patients without coccidioidomycosis. The sōna Coccidioides Ab Lateral Flow Assay (LFA) was performed with a sensitivity of 88%, and specificity and accuracy of 87%. Furthermore, the Coccidioides Ab LFA had good agreement with other anti-Coccidioides Ab detection assays. Our findings suggest the sōna Coccidioides Ab LFA has satisfactory performance and may be useful for diagnosing coccidioidomycosis in endemic regions.
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1. Introduction


Coccidioidomycosis is a fungal disease caused by Coccidioides immitis and C. posadasii. Infection is the result of exposure to contaminated soil, primarily by inhalation of fungal arthroconidia found in the matter. The mycosis predominantly affects individuals who reside in endemic regions, which are localized in the southwestern United States, Northern Mexico, Guatemala, Honduras, Venezuela, Northeastern Brazil, Southern Bolivia, Western Paraguay, and the arid pre-Andes region of Argentina [1,2,3,4].



Endemic regions in Argentina are characterized by arid to semi-arid climates, in the arid foothills from the province of Jujuy to the province of Río Negro, with the highest number of cases reported in the province of Catamarca [5]. Occupational exposure, particularly during agricultural activities and construction, is associated with a higher risk of infection [3,6,7,8,9,10]. Other activities such as digging, excavation, and disturbance of soil can lead to the inhalation of arthroconidia. Furthermore, climatic variations and environmental changes may influence the distribution of Coccidioides [11,12,13,14]. Surveillance efforts in Argentina, like the mandatory reporting of cases in endemic regions like Catamarca and the recent incorporation of national-level reporting, aim to monitor epidemiological trends of the disease, identify high-risk areas, and enhance public awareness [15,16].



Reference diagnosis of coccidioidomycosis is performed by microscopic observation of the fungus and culture. Handling of culture specimens is complex due to the high biohazard risk; microscopic analysis is rapid, but the performance of this test is variable. Antibody (Ab) detection using complement fixation (CF), immunodiffusion (ID), counterimmunoelectrophoresis (CIE), and enzyme immunoassay (EIA) is widely adopted, particularly due to the use of minimally invasive specimens and their commendable analytical performance. However, a notable limitation of these assays is the extended turnaround time required to obtain antibody detection results [1,17]. For these reasons, accurate assays are needed. The principal goal of this study was to evaluate the analytical performance of a novel lateral flow assay (LFA) for the rapid detection of anti-Coccidioides antibodies in human sera.




2. Materials and Methods


Specimens: 103 human serum specimens were tested. Coccidioidomycosis specimens include 25 sera, these sera came from 12 patients with proven coccidioidomycosis by culture (n = 17 sera), and 8 patients with positive antibody testing for coccidioidomycosis (n = 8 sera). We also tested 78 sera from persons without coccidioidomycosis, including 30 sera specimens from people with other etiologies for respiratory disease who live in endemic regions for coccidioidomycosis. Also, we included 18 sera from patients with positive antibody testing for histoplasmosis, 16 from patients with positive antibody testing for paracoccidioidomycosis, and 14 from patients with positive antibody testing for aspergillosis (Figure 1).



Specimens were remnants from serological studies conducted at the National Reference Laboratory in Clinical Mycology of Argentina (LNRM). These specimens were stored at −20 °C, in single-use aliquots, and were collected between 2009 and 2021. We tested all available sera from patients with proven and positive antibody testing for coccidioidomycosis, and sera from patients with positive antibody testing against other fungi, Histoplasma, Paracoccidioides, and Aspergillus, as specificity controls. Prior to EIA and LFA testing, specimens were re-tested by ID and CIE methods to validate specimen stability and the presence of anti-Coccidioides antibodies. (Figure 1).



Coccidioides Antibody (Ab)-detection Assays: four assays were evaluated. Two in-house assays, including CIE and ID. These assays were performed using an in-house Coccidioides antigen (Ag), and a rabbit serum containing polyclonal Ab for positive control, both produced by the LNRM [18]. Two commercial immunodiagnostic assays from IMMY (Norman, OK, USA) were also used: the Clarus Coccidioides Ab Enzyme Immunoassay (Coccidioides Ab EIA) and the sōna Coccidioides Ab Lateral Flow Assay (Coccidioides Ab LFA).



Coccidioides Ab CIE was performed following laboratory standard operating procedure (SOP). First, gel plates for CIE were prepared using 1% agarose tipe II medium EEO (Sigma, St Louis, USA)/Tris Acetate-EDTA (TAE) buffer. Wells were created using a puncher and were filled with the specimens (8 µL), the Ag (2.5 µL), and the positive control (8 µL). Electrophoresis was performed in a TAE buffer at 100 V for 90 min. Results were interpreted by the visualization of precipitin bands in the plates.



Coccidioides Ab ID was performed following laboratory SOP. In brief, 20 µL of human sera, Coccidioides Ag, and positive control sera were placed into 1% phenolyzed agar ID plates. Plates were incubated at room temperature, and results were interpreted after 72 h. A positive result was interpreted as the presence of precipitin identity bands in the ID plates. Standard operating procedure (SOP) available at http://www.anlis.gov.ar/inei/micologia/?page_id=1000 (accessed on 18 March 2024).



Coccidioides Ab EIA was achieved following the instructions described in the kit package insert. Briefly, 100 µL of diluted 1:441 sera, CF and TP calibrator cutoff, and kit positive and negative controls were placed into microwells coated with CF or TP Coccidioides antigen, respectively. Plates were incubated at 20–25 °C (room temperature) for 30 min. After incubation, plates were manually washed three times using 1× wash buffer. Then, 100 µL of CF or TP enzyme conjugate (HRP) was added to their respective plates. Plates were incubated for 30 min at room temperature. Following the incubation, plates were washed again three times as previously described. Then, 100 µL of TMB Substrate was added to each well and incubated in darkness for 10 min at 20–25 °C. Finally, 100 µL of stop solution was dispensed to all wells. Plate’s optical densities (OD) were obtained using a dual-wavelength plate reader at 450 and 630 nm using the Labsystems Multiskan RC spectrophotometer (Thermo Electron Corporation, Vantaa, Finland). EIA units were obtained by dividing the OD value of serum and control wells by the blanked OD from the calibrator cutoff well. Specimens with EIA unit values ≥1.5 were considered positive, specimens with EIA unit values between ≥1.0 to 1.49 were considered indeterminate, and specimens with EIA unit values <1.0 were considered negative. For the 2 × 2 table analysis, we considered indeterminate as negatives.



Coccidioides Ab LFA was carried out following manufacturer instructions. Sera specimens were diluted 1:441 using kit specimen diluent. LFA strip was placed in the tube containing 100 µL of the diluted specimen, and results were interpreted after 30 min of incubation at room temperature. The presence of two pink or red lines, at the control and test zone, was considered a positive result. The presence of only the control line was considered a negative result. The absence of the control line invalidated the result, regarding the presence or the absence of the test line.



Statistical analysis: Test performance and respective 95% confidence intervals (95% CI) were calculated using 2 × 2 tables. Concordance analysis was conducted by calculation of Kappa. Kappa values were interpreted as 0.0 to 0.2, no agreement; 0.21 to 0.39, minimal agreement; 0.40 to 0.59, weak agreement; 0.60 to 0.79, moderate agreement; 0.80 to 0.89, strong agreement; and ≥0.90, almost perfect agreement. Data were analyzed using STATA 11.




3. Results


Characteristics of patients with coccidioidomycosis: A total of 20 patients with coccidioidomycosis were included, comprising 11 females and 9 males, with ages ranging from 10 to 73 years old. The participants were primarily from Catamarca (n = 12). Regarding baseline conditions, nine patients had no reported conditions, three had HIV, two had diabetes, two had cancer, and four had no available information. Twelve patients presented pulmonary coccidioidomycosis, subacute and chronic forms, five had disseminated coccidioidomycosis, and three had no specified information (Table 1).



Coccidioides Ab LFA: Of the 25 sera from patients with coccidioidomycosis, 22 were positive for Coccidioides Ab LFA, showing a sensitivity of 88% (95% CI: 69–97). Of the three false negative specimens, one was from a patient with advanced HIV disease; this patient had proven coccidioidomycosis by culture (C. posadasii) and also had positive IgM EIA (3.1 EIA units). The second specimen was from a probable case, with positive CIE and IgM EIA (2.4 EIA units). The third specimen was from a culture-proven case (C. posadasii), with positive CIE, ID, and IgG EIA (4.1 EIA units). In the 78 controls without coccidioidomycosis, 10 specimens tested positive by the LFA, showing a specificity of 87% (95% CI: 78–94). Most of the false positive results were found in sera from people with paracoccidioidomycosis, n = 7 (7 out of 16 sera, 44% cross-reactivity), one false positive in a patient with aspergillosis (1 out of 14 sera, 7% cross-reactivity), one false positive in a patient with histoplasmosis (1 out of 18 sera, 6% cross-reactivity), and one false positive in sera from a person with respiratory disease who live in a endemic region for coccidioidomycosis (1 out of 30, 3% false positivity). Assay accuracy was 87% (95% CI: 79–93) (Table 2A, and Figure 2).



We also evaluate the performance of the other assays for the anti-Coccidioides Ab detection. The performance of these assays is described below.



Coccidioides Ab CIE: In total, 23 of the 25 sera from individuals with coccidioidomycosis had positive results for CIE (sensitivity 92%, 95% CI: 74–99). The two false negatives were proven cases. One serum was a proven case that tested positive by the LFA only. The second specimen was a proven case with positive IgM EIA only (HIV patient described above). On the other hand, 77 out of the 78 non-coccidioidomycosis control specimens were negative (99% specificity, 95% CI: 93–100). The only false positive result was found in a patient with proven paracoccidioidomycosis. The CIE shows an accuracy of 97% (95% CI: 92–99) (Table 2B, and Figure 2).



Coccidioides Ag ID: In total, 17 out of 25 sera tested positive (sensitivity 68%, 95% CI: 47–85). False negatives involved six specimens from proven cases, and two specimens from probable cases. Four sera from proven cases that tested positive for CIE, LFA, and IgG EIA. One serum from a probable case that tested positive by CIE, LFA, IgM, and IgG EIA. One specimen from a proven case tested positive by the IgM EIA only (patient with HIV described before). And one serum from a proven case that tested positive only by the LFA. No false positive results were recorded using ID (specificity of 100%; 95% CI: 95–100). ID displayed an assay accuracy was 92% (95% CI: 85–97) (Table 2C, and Figure 2).



Coccidioides Ab EIA: IgM EIA was performed with 36% sensitivity, 9 positive out of 25 coccidioidomycosis cases. IgG was performed with a sensitivity of 88%, with 22 positives out of 25 cases (the 3 discrepant results were indeterminate). Combining IgM and IgG, performance was 96%, showing one false negative result. This IgM/IgG false negative was serum from a proven case, with indeterminate IgG (1.0 EIA units), negative IgM, positive LFA, and negative CIE and ID. In terms of assay specificity, two false positives were observed using IgM EIA (IgM specificity of 97%; 95% CI: 91–100), these false positives were found in sera from patients with histoplasmosis (cross-reaction). No false positives were observed using IgG EIA. Combining IgM/IgG EIA, we found a specificity of 97% (95% CI: 91–100). This specificity was impacted by the histoplasmosis cross-reactions observed using IgM (Table 2D, and Figure 2). It is important to highlight that in control specimens the presence of indeterminate results was frequent. We observed 7 sera with IgM indeterminate result and 12 sera with IgG indeterminate result. However, the ROC analysis did not show an alternative cut-off that improved EIA performance, the reason why we kept the cut-off recommended by the manufacturer.



Concordance analysis: The concordance between all assays ranged from moderate to very good. The majority of assays were performed with good agreement (Figure 3).




4. Discussion


Most of the coccidioidomycosis cases are diagnosed using Ab detection assays, based on complement fixation (CF), gel precipitation tests (CIE and ID), and EIA. The main limitation of these assays is the need for highly trained laboratorians, special laboratory instruments, and prolonged turnaround time for results [19]. LFA technology has significantly improved this limitation; these assays are simple, accurate, and rapid. In this study, we were able to evaluate and compare a LFA for the detection of anti-Coccidioides Ab in human sera, sōna Coccidioides Ab LFA (IMMYTM, Norman, OK, USA). Results here showed high analytical performance and good correlation with other assays used for the immunodiagnosis of coccidioidomycosis.



The sōna Coccidioides Ab LFA was performed with a sensitivity of 88%. In terms of sensitivity, these results are comparable to results reported by Contreas et al. at the University of California, in Los Angeles, CA, USA (poster ASM meeting 2019), but are substantially different from results reported by Donovan et al. at the University of Arizona, AZ, USA [20,21]. In the present study, it is important to highlight that in two of three false negative LFA specimens, we observed positive IgM results and negative IgG results, suggesting early disease in false negatives. Another factor could be the high levels of immunosuppression, as observed in patients with advanced HIV disease. These factors might have affected the concentration of anti-Coccidioides Ab, which was likely below the limit of detection of the LFA [22]. In addition, the main substantial difference of this study compared with the report of Donovan et al. is the low frequency of patients with acute coccidioidomycosis [21]. Specimens tested here were mainly from patients with chronic and disseminated coccidioidomycosis. That could explain the higher LFA sensitivity in this study.



We also evaluated the performance of the sensitivity of other immunodiagnostic assays. Based on that analysis, we found that the combination of IgM and IgG detection was the assay with the highest sensitivity, followed by the CIE. ID was 68% sensitivity, and the detection of IgM alone was the assay with the lowest sensitivity (36%).



Regarding specificity, we observed that cross-reactivity with sera from patients with paracoccidioidomycosis was the most frequent discrepancy. We also observed a lower frequency of false positive results in sera from patients with aspergillosis and histoplasmosis. It is well known that cross-reactions, especially in specimens from individuals with fungal infections, could happen. One false positive result was observed in serum from a patient with non-coccidioidomycosis respiratory disease, this patient resided in a endemic region for coccidioidomycosis, probably the positive results was a consequence of the environmental exposure to Coccidioides product and of living in an endemic region. By eye reading, differences in band intensity are difficult to interpret, a reason why the addition of a LFA reader or other alternatives for automatic reading of LFA devices could improve the interpretation and performance of the assay.



Simplicity, rapid testing, and high accuracy are characteristics that make the sōna Coccidioides Ab Lateral Flow Assay a desirable alternative for rapid screening of possible coccidioidomycosis cases. But, compared with the other Ab assays evaluated in this study, the Coccidioides Ab LFA performed with the lowest specificity. For this reason, it would be important to confirm positive LFA results by the use of a confirmatory assay, such as the Coccidioides Ab EIA, or the Coccidioides Ab CIE, given the high diagnostic analytical performance of these assays. This finding was previously reported, and similar recommendations have been proposed [23].



Principal limitations of this study were the small sample size, the use of sera from some probable cases, the limited access to charts of cases, the unblinded testing of specimens, the lack of an automatic reader for LFA interpretation, and the lack of sera specimens of asymptomatic people who are residents and not residents in the coccidioidomycosis-endemic region. Another major limitation is the lack of specimens from patients with acute pulmonary coccidioidomycosis.




5. Conclusions


Here, we evaluate a novel LFA for the detection of anti-Coccidioides antibodies and were able to evaluate the analytical performance of other assays for the immunodiagnosis of coccidioidomycosis. Diagnosis of coccidioidomycosis could take days to hours using CF, gel precipitation tests, and EIA; the use of LFAs reduces this time to minutes. Another advantage of LFAs is the simplicity of testing implementation in low-complexity laboratories located in regions where the disease is endemic, with limited access to reference laboratories.







Author Contributions


Conceptualization, M.N.V., D.H.C. and C.E.C.; Methodology, M.N.V., D.H.C., P.E.M., F.G.V., A.N.M., A.I.T. and C.E.C.; Software, M.N.V., D.H.C., P.E.M. and C.E.C.; Validation, M.N.V., D.H.C., P.E.M., A.I.T. and C.E.C.; Formal Analysis, M.N.V., D.H.C., P.E.M., M.C.L.-J., F.G.V., A.N.M., A.I.T. and C.E.C.; Investigation, M.N.V., D.H.C., P.E.M., M.C.L.-J., F.G.V., A.N.M., A.I.T. and C.E.C.; Resources, M.N.V., D.H.C., P.E.M. and C.E.C.; Data Curation, M.N.V., D.H.C., P.E.M. and C.E.C.; Writing—Original Draft, M.N.V., D.H.C., P.E.M. and C.E.C.; Writing—Review and Editing, M.N.V., D.H.C., P.E.M., M.C.L.-J., F.G.V., A.N.M., A.I.T. and C.E.C.; Visualization, M.N.V., D.H.C., P.E.M. and C.E.C.; Supervision, M.N.V., D.H.C. and C.E.C.; Project Administration, M.N.V., D.H.C. and C.E.C.; Funding Acquisition, M.N.V., D.H.C. and C.E.C. All authors have read and agreed to the published version of the manuscript.




Funding


This work was partially supported by the project FOCANLIS 2019 NRU 1940 “Vigilancia activa de la Coccidioidomicosis en la principal área endémica de Argentina a través de la optimización del diagnóstico y de las estrategias de búsqueda de fuentes de infección”.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board of the Instituto de Epidemiología (INE), Administración Nacional de Laboratorios e In-stitutos de Salud “Dr. Carlos G. Malbrán” (ANLIS).




Informed Consent Statement


Specimens were remnants from serological studies conducted at the National Reference Laboratory in Clinical Mycology of Argentina. All samples were coded and anonymized, so they were unlinked from any sensitive data from patients.




Data Availability Statement


Data are contained within the article.




Acknowledgments


We want to thank the members of the National Mycology Laboratory Network of Argentina. We also want to thank Jeremy A. W. Gold for the critical review and editing of the manuscript.




Conflicts of Interest


Author Diego H. Caceres was employed by the company IMMY since November 2021 (Latin America account manager). The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.




References


	



Williams, S.L.; Chiller, T. Update on the Epidemiology, Diagnosis, and Treatment of Coccidioidomycosis. J. Fungi 2022, 8, 666. [Google Scholar] [CrossRef] [PubMed]

	



Bays, D.J.; Thompson, G.R., 3rd. Coccidioidomycosis. Infect. Dis. Clin. N. Am. 2021, 35, 453–469. [Google Scholar] [CrossRef] [PubMed]

	



Lockhart, S.R.; Toda, M.; Benedict, K.; Caceres, D.H.; Litvintseva, A.P. Endemic and Other Dimorphic Mycoses in The Americas. J. Fungi 2021, 7, 151. [Google Scholar] [CrossRef] [PubMed]

	



Thompson, G.R.; Pasqualotto, A.C. Endemic mycoses: Expansion of traditional geographic ranges and pitfalls in management. Mycoses 2021, 64, 989–992. [Google Scholar] [CrossRef] [PubMed]

	



Canteros, C.; Toranzo, A.; Ibarra-Camou, B.; David, V.; Carrizo, S.G.; Santillán-Iturres, A.; Serrano, J.; Fernández, N.; Capece, P.; Gorostiaga, J.; et al. Coccidioidomycosis in Argentina, 1892–2009. Rev. Argent. Microbiol. 2010, 42, 261–268. [Google Scholar] [PubMed]

	



Smith, D.J.; Free, R.J.; Thompson, G.R., 3rd; Baddley, J.W.; Pappas, P.G.; Benedict, K.; Gold, J.A.W.; Andes, D.; Bradsher, R.W.; Ebell, M.H.; et al. Clinical Testing Guidance for Coccidioidomycosis, Histoplasmosis, and Blastomycosis in Patients with Community-Acquired Pneumonia for Primary and Urgent Care Providers. Clin. Infect. Dis. 2023. ahead of print. [Google Scholar] [CrossRef]

	



de Perio, M.A.; Benedict, K.; Williams, S.L.; Niemeier-Walsh, C.; Green, B.J.; Coffey, C.; Di Giuseppe, M.; Toda, M.; Park, J.-H.; Bailey, R.L.; et al. Occupational Histoplasmosis: Epidemiology and Prevention Measures. J. Fungi 2021, 7, 510. [Google Scholar] [CrossRef] [PubMed]

	



Toda, M.; Gonzalez, F.J.; Fonseca-Ford, M.; Franklin, P.; Huntington-Frazier, M.; Gutelius, B.; Kawakami, V.; Lunquest, K.; McCracken, S.; Moser, K.; et al. Notes from the Field: Multistate Coccidioidomycosis Outbreak in U.S. Residents Returning from Community Service Trips to Baja California, Mexico—July–August 2018. MMWR Morb. Mortal. Wkly. Rep. 2019, 68, 332–333. [Google Scholar] [CrossRef] [PubMed]

	



Caceres, D.H.; Tap, R.M.; Alastruey-Izquierdo, A.; Hagen, F. Detection and Control of Fungal Outbreaks. Mycopathologia 2020, 185, 741–745. [Google Scholar] [CrossRef] [PubMed]

	



Viale, M.N.; López-Joffre, M.C.; Motter, A.N.; Mansilla, P.E.; Vivot, F.G.; Acevedo, F.M.; del Valle David, V.; Carrizo, S.G.; Serrano, J.; Chacón, Y.; et al. Epidemiology of coccidioidomycosis in Argentina, an update. Med. Mycol. 2024, 2024, myae024. [Google Scholar] [CrossRef] [PubMed]

	



Comrie, A.C. Climate factors influencing coccidioidomycosis seasonality and outbreaks. Environ. Health Perspect. 2005, 113, 688–692. [Google Scholar] [CrossRef] [PubMed]

	



Brown, J.; Benedict, K.; Park, B.J.; Thompson, G.R., 3rd. Coccidioidomycosis: Epidemiology. Clin. Epidemiol. 2013, 5, 185–197. [Google Scholar] [PubMed]

	



Gorris, M.E.; Neumann, J.E.; Kinney, P.L.; Sheahan, M.; Sarofim, M.C. Economic Valuation of Coccidioidomycosis (Valley Fever) Projections in the United States in Response to Climate Change. Weather Clim. Soc. 2021, 13, 107–123. [Google Scholar] [CrossRef] [PubMed]

	



Park, B.J.; Sigel, K.; Vaz, V.; Komatsu, K.; McRill, C.; Phelan, M.; Colman, T.; Comrie, A.C.; Warnock, D.W.; Galgiani, J.N.; et al. An epidemic of coccidioidomycosis in arizona associated with climatic changes, 1998–2001. J. Infect. Dis. 2005, 191, 1981–1987. [Google Scholar] [CrossRef] [PubMed]

	



de SA, Información Jurídica: Programa Provincial de Prevención DyTdlC. LEY 5.523. SAN FERNANDO DEL VALLE DE CATAMARCA, 23 de Noviembre de 2017. Boletín Oficial, 9 de Enero de 2018. Vigente, de Alcance General. Id SAIJ: LPK0005523 2017. Available online: http://www.saij.gob.ar/5523-local-catamarca-programa-provincial-prevencion-deteccion-tratamiento-coccidioidomicosis-lpk0005523-2017-11-23/123456789-0abc-defg-325-5000kvorpyel?utm_source=newsletter-mensual&utm_medium=email&utm_term=mensual&utm_campaign=ley-provincial (accessed on 18 March 2024).

	



Ministerio de Salud RA. Manual de Normas Yprocedimientos de Vigilancia y Control de Eventos de Notificación Obligatoria, Ministerio de Salud Argentina 2022. Available online: https://bancos.salud.gob.ar/recurso/manual-de-normas-y-procedimientos-de-vigilancia-y-control-de-eventos-de-notificacion (accessed on 18 March 2024).

	



Saubolle, M.A. Laboratory Aspects in the Diagnosis of Coccidioidomycosis. Ann. N. Y. Acad. Sci. 2007, 1111, 301–314. [Google Scholar] [CrossRef] [PubMed]

	



Perrotta, D.; Vivot, W.; Lee, W.; Rivas, C.; Yabo, M.; Rodero, L.; Canteros, C.; Davel, G. Specific fungal antisera production in rabbits. Rev. Argent. Microbiol. 1998, 30, 115–121. [Google Scholar] [PubMed]

	



McHardy, I.H.; Barker, B.; Thompson, G.R., 3rd. Review of Clinical and Laboratory Diagnostics for Coccidioidomycosis. J. Clin. Microbiol. 2023, 61, e0158122. [Google Scholar] [CrossRef] [PubMed]

	



Contreras, D.A.; Li, Q.; Garner, O.B. Evaluation of Sōna Lateral Flow Assay for the Rapid Detection of Coccidioides Immitis; ASM Microbe: San Francisco, CA, USA, 2019. [Google Scholar]

	



Donovan, F.M.; Ramadan, F.; Khan, S.; Bhaskara, A.; Lainhart, W.D.; Narang, A.T.; Mosier, J.M.; Ellingson, K.D.; Bedrick, E.J.; Saubolle, M.; et al. Comparison of a Novel Rapid Lateral Flow Assay to Enzyme Immunoassay Results for Early Diagnosis of Coccidioidomycosis. Clin. Infect. Dis. 2020, 73, e2746–e2753. [Google Scholar] [CrossRef] [PubMed]

	



Caceres, D.H.; Chiller, T.; Lindsley, M.D. Immunodiagnostic Assays for the Investigation of Fungal Outbreaks. Mycopathologia 2020, 185, 867–880. [Google Scholar] [CrossRef] [PubMed]

	



Lu, J.; Banaei, N. Investigation of discordant positive Sōna lateral flow assay results for detection of Coccidioides antibodies. J. Clin. Microbiol. 2023, 61, e0062323. [Google Scholar] [CrossRef]








[image: Jof 10 00322 g001] 





Figure 1. Flow chart of specimens tested for the evaluation of the analytical performance of the sōna Coccidioides Ab Lateral Flow Assay in human sera. 
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Figure 2. Comparison of turn-around of results and sensitivity, specificity, and accuracy of assay for the detection of Coccidioides Ab. 






Figure 2. Comparison of turn-around of results and sensitivity, specificity, and accuracy of assay for the detection of Coccidioides Ab.



[image: Jof 10 00322 g002]







[image: Jof 10 00322 g003] 





Figure 3. Concordance analysis of assays for the detection of Coccidioides Ab. The red boxes correspond to the kappa value, the black lines represent the kappa confidence intervals (CI). 
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Table 1. Characteristics of patients with coccidioidomycosis.
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Male

	
n = 9




	
Female

	
n = 11




	
Age range

	
10 to 73 years old




	
Residence




	
Catamarca

	
n = 12




	
Salta

	
n = 3




	
Santiago del Estero

	
n = 2




	
Mendoza

	
n = 1




	
La Rioja

	
n = 1




	
Jujuy

	
n = 1




	
Baseline conditions




	
No reported

	
n = 9




	
HIV

	
n = 3




	
Diabetes

	
n = 2




	
Cancer

	
n = 2




	
No information

	
n = 4




	
Coccidioidomycosis clinical form




	
Pulmonary (subacute or chronic)

	
12 *




	
Disseminated

	
5




	
No information

	
3








(*) no acute pulmonary coccidioidomycosis cases recorded.













 





Table 2. Analytical performance of assays for detection of Coccidioides Ab in human sera.
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(A) Coccidioides Ab LFA




	

	

	
Coccidioidomycosis




	

	

	
+

	
−




	
LFA

	
+

	
22

	
10




	
−

	
3

	
68




	
Statistic

	

	
Value (%)

	
95% CI




	
Sensitivity

	

	
88

	
69–97




	
Specificity

	

	
87

	
78–94




	
Accuracy

	

	
87

	
79–93




	
(B) Coccidioides Ab CIE




	

	

	
Coccidioidomycosis




	

	

	
+

	
−




	
CIE

	
+

	
23

	
1




	
−

	
2

	
77




	
Statistic

	

	
Value (%)

	
95% CI




	
Sensitivity

	

	
92

	
74–99




	
Specificity

	

	
99

	
93–100




	
Accuracy

	

	
97

	
92–99




	
(C) Coccidioides Ab ID




	

	

	
Coccidioidomycosis




	

	

	
+

	
−




	
ID

	
+

	
17

	
0




	
−

	
8

	
78




	
Statistic

	

	
Value (%)

	
95% CI




	
Sensitivity

	

	
68

	
47–85




	
Specificity

	

	
100

	
95–100




	
Accuracy

	

	
92

	
85–97




	
(D) Coccidioides Ab EIA (IgM+IgG)




	

	

	
Coccidioidomycosis




	

	

	
+

	
−




	
EIA

	
+

	
24

	
2




	
−

	
1

	
76




	
Statistic

	

	
Value (%)

	
95% CI




	
Sensitivity

	

	
96

	
80–100




	
Specificity

	

	
97

	
91–100




	
Accuracy

	

	
97

	
92–99








(LFA) lateral flow assay; (CIE) counterimmunoelectrophoresis; (ID) immunodiffusion; (EIA) enzyme immunoassay assay.
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