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Diagnosis of Trypanosoma cruzi (T. cruzi) infection in the chronic phase of Chagas disease (CD) is performed by serologic testing. Conventional tests are currently used with very good results but require time, laboratory infrastructure, and expertise. Rapid diagnostic tests (RDTs) are an alternative as the results are immediate and do not require specialized knowledge, making them suitable for epidemiologic studies and promising as a screening tool. Nevertheless, few studies conducted comparative evaluations of RDTs to validate the results and assess their performance. In this study, we analyzed four trades of rapid tests (OnSite Chagas Ab Combo Rapid Test-United States, SD Bioline Chagas AB-United States, WL Check Chagas-Argentina, and TR Chagas Bio-Manguinhos-Brazil) using a panel of 190 samples, including sera from 111 infected individuals, most of whom had low T. cruzi antibody levels. An additional 59 samples from uninfected individuals and 20 sera from individuals with other diseases, mainly visceral leishmaniasis, were included. All tests were performed by three independent laboratories in a blinded manner. Results showed differences in sensitivity from 92.8 to 100%, specificity from 78.5 to 92.4%, and accuracy from 90.5 to 95.3% among the four assays. The results presented here show that all four RDTs have high overall diagnostic ability. However, WL Check Chagas and TR Chagas Bio-Manguinhos were considered most suitable for use in screening studies due to their high sensitivity combined with good performance. Although these two RDTs have high sensitivity, a positive result should be confirmed with other tests to confirm or rule out reactivity/positivity, especially considering possible cross-reactivity with individuals with leishmaniasis or toxoplasmosis.
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1. Introduction

Chagas disease (CD) is a life-threatening, neglected tropical disease caused by the hemoflagellate Trypanosoma cruzi (T. cruzi). This parasite is responsible for an average of 12,000 deaths per year, and it is estimated that between 6 and 7 million people are infected worldwide (1, 2). However, despite the high mortality and morbidity, only 7% of T. cruzi carriers in Latin America are diagnosed and only about 1% receive etiologic treatment (3). T. cruzi is responsible for the highest parasitic disease burden in 21 Latin American countries, with a high prevalence in the southern Cone (4), where it is transmitted to humans mainly through contact with contaminated feces or urine from bloodsucking triatomine insects, also known as kissing bugs. Other routes of infection include congenital transmission, oral ingestion of contaminated food or beverages, transfusion of blood or blood products, and organ donation. Increasing international migration flows to non-endemic regions have led to the spread of T. cruzi infection beyond the borders of Latin America and have become a global health problem (5–7).

Successful diagnosis of CD depends on the stage of the disease, as different approaches (in vitro diagnostic (IVD) techniques) are used for each phase: an initial acute phase and a lifelong chronic phase. In the acute phase, which lasts up to two/three months, parasitological or molecular biology-based methods are typically used, while indirect serological methods such as indirect hemagglutination (IHA), enzyme-linked immunosorbent assay (ELISA), indirect immunofluorescence (IIF), chemiluminescence (CLIA), and electrochemiluminescence immunoassay (ECLIA) are used in the lifelong chronic phase (8). Although serological tests currently have high diagnostic performance, they require complex, specialized infrastructure and qualified personnel to perform. Therefore, IVD serological tests can be a significant barrier to access to diagnosis. The development of point-of-care (POC) devices such as rapid diagnostic tests (RDTs) has highlighted a way to circumvent the need for specialized infrastructure and personnel. These devices are designed to be simple, convenient, and intuitive to use. They require no refrigeration, no specialized infrastructure, no trained personnel, and no further processing by the user to obtain a result. Therefore, POC tests can be used to screen CD affected individuals, especially those living in rural or remote areas with limited access to health care. A negative RDT result excludes the disease, while positive results should be forwarded for diagnostic confirmation with other serological tests to exclude or confirm CD as recommended by the World Health Organization (WHO) (9, 10). Particular attention should be paid to the sensitivity of RDTs used as screening tests. A test with higher sensitivity (100%) is advisable because low sensitivity of the first level of testing in a screening algorithm may lead to excessive false-negative results and exclude people from accurate diagnosis, thereby underestimating the number of infected individuals. This strategy may improve access to diagnosis and treatment. Recently, the Pan American Health Organization (PAHO) recommended the use of ELISA or RDT as the sole test for seroepidemiologic testing (11).

Regarding the inconsistent diagnostic performance when using serological tests in different settings, some differences have been reported in the literature with respect to the parasite and the seven discrete typing units (DTUs) recognized today (12–14). However, other reports have found similar results when using conventional serology with samples from Mexico (mainly lineage TcI) (15) and also when using a single RDT with sera from different countries with lineages TcI, II and V, the main DTUs from endemic regions (16). In this study, samples from one region (Brazil) were used.

Considering the predicaments herein set forth, we endeavored to perform a multicenter systematic evaluation of the diagnostic performance of RDT kits available in Brazil. This is the first study comparing the performance of RDTs in Brazil for the diagnosis of chronic Chagas disease.



2. Materials and methods


2.1. Selection of RDTs

All commercial RDTs registered with the Brazilian Health Regulatory Agency (ANVISA) were included in this study. A total of four RDTs from four different manufacturers were available: OnSite Chagas Ab Combo Rapid Test® (CTK Biotech, United States), SD Bioline Chagas AB® (Abbott, USA), WL Check Chagas® (Wiener lab., Rosário, Argentina), and TR Chagas Bio-Manguinhos® (Bio-Manguinhos, Fiocruz, Rio de Janeiro, Brazil). The RDTs were sent by the General Coordination of Public Health Laboratories (CGLAB, Ministry of Health, Brazil) to each participating reference laboratory via a commercial shipping service. Importantly, RDTs from each brand were from the same batch.



2.2. Participating reference laboratories

The study was conducted in three participating Brazilian reference laboratories: The Advanced Public Health Laboratory (LASP) at the Gonçalo Moniz Institute (FIOCRUZ) in Salvador, Bahia; the Parasitic Diseases Service of the Ezequiel Dias Foundation (FUNED) in Belo Horizonte, Minas Gerais; and the Chagas Disease Study Center (NEDoC) at the Federal University of Goiás (UFG) in Goiânia, Goiás. All three participating reference laboratories performed the four RDTs with the same sample set. All participating laboratories adhered to Good Laboratory Practice and sample reactivity was repeated using conventional serology after the serum samples were thawed in the laboratory that provided the samples.



2.3. Sample collection

With an expected error of 2%, sensitivity of 99%, specificity of 99.5%, and confidence interval of 95%, the minimum sample number was 48 sera from negative individuals and 96 sera from T. cruzi-positive individuals. We included 59 sera from T. cruzi-negative and 111 sera from T. cruzi-positive individuals from the existing sera bank at NEDoC. The T. cruzi-positive samples were previously collected from individuals with the chronic phase of CD with known epidemiological and clinical data (usually heart disease and/or megacolon and/or megaesophagus). These infected and uninfected individuals were tested in the laboratory at the request of Goias State physicians to confirm or exclude the diagnosis. This sample group consisted predominantly of samples with low or moderate reactivity in the serological tests: titration of less than 1:640 in IIF and IHA; reactivity indices between 1.2 and 2.0 (low reactivity) and 2.1 to 3.0 (moderate reactivity) in conventional ELISA. In addition, positive sera for visceral leishmaniasis (VL; n = 10), mucocutaneous leishmaniasis (CL; n = 6), and toxoplasmosis (TOX; n = 4) from the FUNED serum bank were included to evaluate cross-reactivity. All samples were thawed at −20°C without additional preservatives and previously tested for T. cruzi infection: indirect immunofluorescence (IIF; Anti-human IgG conjugated to fluorescein, Biomerieux® Marcy L’Etoile), indirect hemagglutination (IHA; Chagatest HAI screening A-V®, Wiener lab, Rosario, Argentina), ELISA with crude antigens (Teste ELISA para Chagas III®, Grupo Bios, Santiago, Chile), recombinant ELISA (Chagatest ELISA, recombinant v.3.0®, Wiener lab, Rosario, Argentina), chemiluminescence microparticle immunoassay (CMIA; Architect Chagas, Abbott Laboratories, Abbott GmbH, Wiesbaden, Germany), enzyme-linked immunosorbent assay (ELISA) with lysate/recombinant antigens (Gold ELISA Chagas®, REM Industry and Commerce Ltd., São Paulo, Brazil). Samples were aliquoted and coded so that members of the participating reference laboratory teams had no knowledge of their reactivity. Serum aliquots stored in dry ice were shipped by CGLAB to each participating reference laboratory using a commercial shipping service. The serological results for each serum using each of the serological techniques are shown in a Supplementary Table S1.



2.4. Immunochromatographic assays

RDTs were performed according to the technical instructions of the respective manufacturer. In each participating reference laboratory, the same sera were evaluated for all four RDTs. The results were read by two independent observers from each participating institution. In cases of doubt or disagreement, a third observer was consulted and the tests were repeated if consensus could not be reached. Final results were sent to the serum bank supervisor, who was the only person who knew the serological profile of the samples. A test was considered invalid if the control line was missing. After completion of the laboratory analysis, a consensus result between the three participating reference laboratories was compared with the serological profile of the samples and the performance of each RDT was determined.



2.5. Usability assessment

The criterion of ease of use in performing RDTs was quantified and compared. At the end of the study, the technical staff responsible for conducting the tests for the study were asked to complete a usability questionnaire for each RDT. This questionnaire was adapted from a conventional format used in several similar studies led by WHO/Foundation for Innovative New Diagnostics (FIND)/Médecins Sans Frontières (MSF)/Epicenter in 2001 (17, 18) and also in another international study on RDTs (19). The questionnaire was used to distinguish and evaluate the general characteristics of the tests and to assess the perception of the technical staff regarding the ease of use in performing each test. The questionnaires included information on the number of invalid tests, shelf life, storage temperature, amount of blood/serum/plasma required, number of steps and time required to perform the test, stability of results, additional material required, ease of opening the package, ease of performing the test, ease of identifying reagents, quality of instructions for use, and cost. Each item of the questionnaire was assigned an individual score, with a higher score indicating a more positive response. A total of 26 items could be evaluated.



2.6. Statistical analysis

To obtain a robust assessment of the performance of each kit, statistical tools were used by calculating the following diagnostic test parameters: Sensitivity (the probability of a test being positive in the presence of infection), Specificity (the probability of a test being negative in the absence of infection), Accuracy (the ability of a test to discriminate between target disease and health status), and Predictive Values (20, 21) using a dichotomous approach (2 × 2 contingency table). Confidence intervals (CI) were determined at a 95% confidence level (95% CI), and the absence of overlapping 95% CI bars was used to infer statistical significance (22). Positive and negative predictive values were estimated for different prevalence scenarios. The chance of false-positive versus true-positive and false-negative versus true-negative results were calculated for the following prevalence values of chronic Chagas disease: 0.1, 1, 5, and 10%. The strength of agreement between the results of the RDTs and the serological profile of the samples was assessed using the Cohen’s kappa coefficient (κ) and interpreted as follows: poor (κ = 0), slight (0 < κ ≤ 0.20), fair (0.21 < κ ≤ 0.40), moderate (0.41 < κ ≤ 0.60), substantial (0.61 < κ ≤ 0.80), and almost perfect (0.81 < κ ≤ 1.0) agreement (23). Performance parameters were obtained using MedCalc for Windows v. 20.190 (MedCalc Software, Ostend, Belgium), whereas graphs were generated using GraphPad Prism 9 graphing software (San Diego, CA, United States). A study flowchart (Figure 1) and checklist were prepared according to STARD guidelines (24).
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FIGURE 1
 Flowchart depicting study design in accordance with the Standards for Reporting of Diagnostic Accuracy Studies (STARD) guidelines.





3. Results

A total of 190 serum samples were tested with four IgG T. cruzi RDTs (Supplementary Table S1). IgG survey in serum samples from 111 T. cruzi-positive samples showed variable values of sensitivity, ranging from 92.8% for OnSite Chagas Ab Combo Rapid Test, 95.5% for SD Bioline Chagas AB, and 97.3% for WL Check Chagas to 100% for TR Chagas Bio-Manguinhos (Table 1). For T. cruzi-negative samples, the highest value of specificity was obtained with WL Check Chagas (92.4%). A lower value was observed for SD Bioline Chagas AB, OnSite Chagas Ab Combo Rapid Test, and TR Chagas Bio-Manguinhos, which had specificity values of 89.9, 87.3, and 78.5%, respectively. Accuracy reached the highest value when samples were tested with WL Check Chagas (95.3%). A lower value was observed for SD Bioline Chagas AB (93.2%), TR Chagas Bio-Manguinhos (91.1%) and OnSite Chagas Ab Combo Rapid Test (90.5%).



TABLE 1 Diagnostic performance and strength of agreement of four rapid diagnostic tests for the detection of Trypanosoma cruzi IgG.
[image: Table1]

Qualitative evaluation of the results using Cohen’s Kappa method showed substantial agreement between the OnSite Chagas Ab Combo Rapid Test and the reference tests. For all other RDTs, qualitative evaluation of the results showed almost perfect agreement with the reference tests. Considering the 95% CI overlap, sensitivity, specificity, accuracy, and Cohen’s Kappa index showed no differences among the four RDTs (Table 1).

The positive and negative predictive values were also estimated. Because the true prevalence of chronic CD varies from region to region, we used a hypothetical prevalence range to evaluate different scenarios. Figure 2 summarizes the association between the predictive values and the hypothetical prevalence scenarios. Decreasing prevalence resulted in low positive predictive values for all RDTs. Regarding the ratio of false-positive/negative to true-positive/negative, hypothetical prevalence values were used to represent most scenarios in which testing is performed. The chance of false-negative results relative to true-negative results was low for all tests and prevalence values (Table 2). On the other hand, the chance of false-positive results was predominantly high for any true-positive result, especially for low prevalence values (0.1 and 1%).

[image: Figure 2]

FIGURE 2
 Positive and negative predictive estimates for different prevalence scenarios of chronic Chagas disease. NPV, negative predictive value; PPV, positive predictive value.




TABLE 2 Chance of false positive in relation to true positives and of false negatives in relation to true negatives for different prevalence values of chronic Chagas disease.
[image: Table2]

Regarding usability assessment, all RDTs were found to have the same storage conditions (room temperature ≤ 30°C), require the same biological sample (whole blood, plasma, or serum), and results are stable for up to 30 min. Invalid tests were reported for <0.5% of RDTs performed. For all four RDTs, ease of performance, ease of opening the package, and interpretation of results were described as “very easy.” The quality of the RDT instructions was described as “very good” for all RDTs. Some differences in the amounts of blood or serum/plasma required were noted for all four tests: OnSite Chagas Ab Combo Rapid Test and WL Check Chagas require 40 μl of blood, TR Chagas Bio-Manguinhos requires 10 μl, while SD Bioline Chagas AB requires 100 μl, the largest amount among them. None of the RTD assays require a device to read the results, so they can be used in field studies. OnSite Chagas Ab Combo Rapid Test, WL Check Chagas, SD Bioline Chagas AB and TR Chagas Bio-Manguinhos are one-step assays. As shown in Figure 3, TR Chagas Bio-Manguinhos and OnSite Chagas Ab Combo Rapid Test scored the highest (= 26), followed by SD Bioline Chagas AB and WL Check Chagas (score = 25).

[image: Figure 3]

FIGURE 3
 Validity and inter-reader reliability of four rapid diagnostic tests for the detection of IgG anti-Trypanosoma cruzi. RT (room temperature).




4. Discussion

RDTs represent an interesting strategy for screening at-risk populations for acquisition of CD in low-resource and high-risk settings in endemic countries. WHO has set global targets and milestones for 2030 to eliminate transmission of T. cruzi through four modes of transmission (vectorial, transfusion, transplantation, and congenital) and achieve 75% coverage of the target population with antiparasitic treatment in 15 endemic countries in Latin America (25). This is an ambitious goal, as only 7% of T. cruzi carriers have been diagnosed and about 1% receive etiologic treatment (3). Thus, improving access to and demand for effective diagnosis, treatment, and care for CD is critical to controlling CD. Unfortunately, access to CD diagnostics remains one of the main barriers to control of this disease, as diagnosis in the chronic phase depends on laboratory infrastructure and qualified personnel. In vitro diagnostic tests at the point of care, such as RDTs, offer a promising strategy to address the gap in access to diagnosis that exists in many limited and isolated communities in endemic areas. However, similar to the enzyme-linked immunosorbent assay (ELISA), the performance of POC-IVD devices depends on the antigen preparation used, which warrants a systematic evaluation of their diagnostic performance (13). In this article, we evaluated the performance of four RTDs in the diagnosis of CD using samples from different Brazilian endemic areas.

In a comparative evaluation of 11 commercially available RDTs conducted by several national reference laboratories worldwide using a diverse panel of 474 samples, OnSite Chagas Ab Combo Rapid Test achieved a sensitivity of 90.1% and a specificity of 91%. In the same study, SD Chagas Ab Rapid showed a sensitivity of 90.7% and a specificity of 94% (19). Interestingly, WL Check Chagas showed a sensitivity of 88.7% and a specificity of 97%. Except for the sensitivity of WL Check Chagas, the sensitivity and specificity values of the other RDTs in the present study were within the 95% CI (19). According to the manufacturer, the sensitivity of WL Check Chagas was evaluated using four commercial serological panels with a total of 62 positive sera, and 61/62 (~98%) samples were correctly identified. However, the manufacturer reports a lower sensitivity (93.9%; 95% CI 91.1–96.6%) when the test was evaluated using a panel of 326 samples characterized by ELISA and IHA. Considering the confidence interval, both evaluations were consistent with the sensitivity observed in the present study (97.3%; 95% CI 92.3–99.4%). Similar sensitivity values were observed when serum samples were used during a WL Check Chagas field study (95.7%), although sensitivity was lower when the test examined whole blood (87.3%) (26). Accordingly, the manufacturer reported lower sensitivity (91.5%) when this RDT analyzed whole blood rather than plasma/serum. A possible interpretation for these differences in sensitivity is that different batches were used and the possibility exists that manufacturers changed the composition and proportions of the different antigens originally used after the results of the first reported studies (19) with lower sensitivity eight years ago. Information on which T. cruzi antigens were used in WL Check Chagas, SD Chagas Ab Rapid, and OnSite Chagas Ab Combo Rapid Test was not disclosed by the manufacturers.

In the present study, TR Chagas Bio-Manguinhos, using two recombinant T. cruzi-chimeric antigens deposited in different lines (27), correctly identified all positive samples and achieved a sensitivity of 100% (95% CI 96.7–100%) and a specificity of 78.5 (95% CI 68.2–86.1). This test is the most recent addition to the repertoire of available POC tests for CD, so there is a lack of independent studies evaluating its diagnostic performance. However, there are numerous studies evaluating the performance of these antigens in other IVD systems (27–35) and mammalian hosts (36–38). In a study of 280 CD-positive samples, IBMP-8.1 antigen showed a sensitivity of 98.9% (95% CI 96.9–99.6%) when used in an ELISA format and 98.6% (95% CI 96.4–99.4%) in a liquid microarray system, while IBMP-8.4 showed a sensitivity of 99.6% (95% CI 98–99.9%) in ELISA and 98.9% (95% CI 96.9–99.6%) in a microarray system (39). Similar results were obtained in a phase II study in Brazil (40), and the antigens maintained their performance in other studies in Argentina (41) and Spain (30). Moreover, no cross-reactions with visceral and mucocutaneous leishmaniasis were observed with IBMP-8.4 under ELISA or liquid microarray systems, while IBMP-8.1 in liquid microarray did not cross-react with visceral leishmaniasis, but cross-reactions for mucocutaneous leishmaniasis were observed in an IBMP-8.1 ELISA (0.7%) (32). Interestingly, the structural stability of IBMP chimeric antigens over time, pH and temperature variations, and in buffer systems was investigated. The structure and diagnostic performance were maintained under adverse conditions, suggesting a robust design (32). This robustness favors use in POC assays, as these devices must withstand harsh environments and be reliable enough to be easily used, interpreted, and stored.

The usability evaluation showed that no invalid result was obtained when T. cruzi-positive and negative samples were tested with all four RTDs. In terms of storage temperature, shelf life in months, stability of results, ease of reagent identification, ease of package opening, ease of performance, and quality of instructions, all four RTDs achieved similar results. OnSite Chagas Ab Combo Rapid Test, WL Check Chagas, and TR Chagas Bio-Manguinhos require volumes of up to 40 μl of whole blood, whereas SD Bioline Chagas AB requires 100 μl, a volume that is difficult to obtain by digital puncture, making this test unusable for epidemiological studies and as a screening tool. No RDT requires equipment to read results, making it feasible to use in the field. In addition, no assessed assay requires more than two steps to perform. For the WL Check Chagas, the test took more than 20 min to perform. WL Check Chagas and SD Bioline Chagas AB were the most complex tests (score = 25), while the highest score was achieved by TR Chagas Bio-Manguinhos and OnSite Chagas Ab Combo Rapid Test (score = 26). Of the four assays evaluated, the WL Check Chagas and TR Chagas Bio-Manguinhos were considered the most suitable for use in screening studies because they are reliable and highly sensitive for the diagnosis of CD. According to the instructions of all four kits evaluated, the test result is independent of the type of biological sample used for the immunoassay, whether blood, serum, or plasma.

The main limitation of this study was the restriction on the use of samples with low or moderate reactivity in the serological tests (titration of less than 1:640 for IIF and IHA; reactivity indices between 1.2 and 2.0 (low reactivity) and 2.1 to 3.0 (moderate reactivity) for conventional ELISA). The selection of samples with low or moderate reactivity may lead to a decrease in the sensitivity values of the evaluated RDTs, which may not correspond to their use in a real population. However, the predominance of samples with these characteristics was propositaly intended to detect infected individuals with low titers, as in conventional serology, and to avoid the possible loss of infected individuals. Another limitation concerns the lack of band intensity analysis. This would be particularly important to verify the intensity of false-positive bands. However, visual analysis revealed bands of varying intensity for false-positive lines. Despite a consistent detection pattern of the control lines, we observed that false-positive results exhibited whitish spots over the antigen reaction area, while others showed bright to almost faint colors as a positive sign of detection. The presence of these whitish spots or faint bands over the antigen reaction area led to an increase in the number of false-positive results in low CD prevalence scenarios. Indeed, at prevalence values of 0.1 and 1%, the chance of false-positive results was predominantly high for each true-positive result, whereas false-negative results were low relative to true-negative results for all tests and all prevalence values.

The results presented here show that all four RDTs have high overall diagnostic ability. We believe that the antigenic variability of T. cruzi did not affect the performance evaluation of the RDTs, since we used only Brazilian samples. Indeed, sera from individuals infected in Mexico (a region with TcI) have shown similar reactivity on conventional serology (15). Also, previous studies using other RDT (Chagas Stat-Pak), that was not included in this study because it does not have a current registration with ANVISA, performed with sera from different countries showed no differences in terms of different DTU (Tc I-II-V) in different regions of Latin America (16). Due to the overlap of 95% CI values, no differences were observed between the results for sensitivity, specificity, and accuracy. The high sensitivity values ensure that most (if not all) positive individuals are correctly diagnosed and referred to medical care. In the absence of laboratory facilities, the increased use of these rapid tests, which are reliable, cheap, and simple enough to be used by non-laboratory personnel, should contribute significantly to the effective control of CD and improve diagnosis and treatment, especially in remote and rural areas in endemic countries.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Institutional Review Board (IRB) for Human Research of the Gonçalo Moniz Institute (CAAE 67809417.0.0000.0040), the Ezequiel Dias Foundation (CAAE 21538619.4.2002.9507), and the Federal University of Goiás (CAAE 21538619.4.2001.5078). The ethics committee waived the requirement of written informed consent for participation.



Author contributions

AL and FS designed the experimental procedure. JI, LL, FM, JF, and LS performed the RDT assays. VB and FS performed the statistical analysis. LL and FS wrote the article. JI, FM, JF, LS, ST, AL, VB, and AS helped to write the article. JI, LL, FM, JF, LS, ST, and FS performed data collection, analysis, and interpretation. AL provided the biological samples. FS prepared the illustrations and supervised the work. JI, AL, and FS provided the laboratory space. AS and FS obtained funding for this study. All authors contributed to the article and approved the submitted version.



Funding

This research was supported by the Coordination for the Improvement of Higher Education Personnel in Brazil (CAPES; Finance Code 001 award to LL and FS). FS is a research grantee of the National Council for Scientific and Technological Development-Brazil (CNPq; grant number 309263/2020–4). The funders had no influence on the study design, data collection and analysis, decision to publish, or preparation of the manuscript.



Acknowledgments

We thank Debbie Vermeij for assistance in revising the manuscript in English and proofreading. We also thank the Oswaldo Cruz Foundation (Fiocruz) for providing the commercial tests and the General Coordination of Public Health Laboratories (CGLAB, Ministry of Health, Brazil) for sending the commercial kits for each participating reference laboratory.



Conflict of interest

AS and FS are employees of FIOCRUZ and one of the RDTs was produced by a subsidiary of FIOCRUZ (Bio-Manguinhos), but they are not involved in the production of this kit (TR Chagas Bio-Manguinhos).

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.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1031455/full#supplementary-material



References

 1. WHO. Chagas disease in Latin America: an epidemiological update based on 2010 estimates. Wkly Epidemiol Rec. (2015) 90:33–43.

 2. Lee, BY, Bacon, KM, Bottazzi, ME, and Hotez, PJ. Global economic burden of Chagas disease: a computational simulation model. Lancet Infect Dis. (2013) 13:342–8. doi: 10.1016/S1473-3099(13)70002-1 

 3. Chaves, GC, Abi-Saab Arrieche, M, Rode, J, Mechali, D, Reis, PO, Alves, RV , et al. Estimating demand for anti-Chagas drugs: a contribution for access in Latin America. Rev Panam Salud Publica. (2017) 41:e45. doi: 10.26633/RPSP.2017.45 

 4. Pérez-Molina, JA, and Molina, I. Chagas disease. Lancet. (2018) 391:82–94. doi: 10.1016/S0140-6736(17)31612-4

 5. Strasen, J, Williams, T, Ertl, G, Zoller, T, Stich, A, and Ritter, O. Epidemiology of Chagas disease in Europe: many calculations, little knowledge. Clin Res Cardiol. (2014) 103:1–10. doi: 10.1007/s00392-013-0613-y 

 6. Bern, C, and Montgomery, SP. An estimate of the burden of Chagas disease in the United States. Clin Infect Dis. (2009) 49:e52–4. doi: 10.1086/605091

 7. Schmunis, GA, and Yadon, ZE. Chagas disease: a Latin American health problem becoming a world health problem. Acta Trop. (2010) 115:14–21. doi: 10.1016/j.actatropica.2009.11.003 

 8. Rassi, A, Rassi, A, and Marin-Neto, JA. Chagas disease. Lancet. (2010) 375:1388–402. doi: 10.1016/S0140-6736(10)60061-X

 9. World Health Organization. WHO Consultation on International Biological Reference Preparations for Chagas Diagnostic Tests. Geneva: World Health Organization (2007). https://www.who.int/bloodproducts/ref_materials/WHO_Report_1st_Chagas_BRP_consultation_7-2007_final.pdf

 10. World Health Organization. Control of Chagas Disease. Second Report of the WHO Expert Committee. Geneva, Switzerland: World Health Organization (2002). Available at: https://apps.who.int/iris/handle/10665/42443

 11. PAHO. Guidelines for the Diagnosis and Treatment of Chagas Disease. Washington DC: Pan American Health Organization. (2019). Available at: https://iris.paho.org/bitstream/handle/10665.2/49653/9789275120439_eng.pdf?sequence=6&isAllowed=y

 12. Zingales, B. Trypanosoma cruzi genetic diversity: something new for something known about Chagas disease manifestations, serodiagnosis and drug sensitivity. Acta Trop. (2018) 184:38–52. doi: 10.1016/j.actatropica.2017.09.017 

 13. Truyens, C, Dumonteil, E, Alger, J, Cafferata, ML, Ciganda, A, Gibbons, L , et al. Geographic variations in test reactivity for the serological diagnosis of Trypanosoma cruzi infection. J Clin Microbiol. (2021) 59:e0106221. doi: 10.1128/JCM.01062-21 

 14. Santos, FLN, Souza, WV, Barros, MS, Nakazawa, M, Krieger, MA, and Gomes, YM. Chronic Chagas disease diagnosis: a comparative performance of commercial enzyme immunoassay tests. Am J Trop Med Hyg. (2016) 94:1034–9. doi: 10.4269/ajtmh.15-0820 

 15. Luquetti, AO, Espinoza, B, Martínez, I, Hernández-Becerril, N, Ponce, C, Ponce, E , et al. Performance levels of four Latin American laboratories for the serodiagnosis of Chagas disease in Mexican sera samples. Mem Inst Oswaldo Cruz. (2009) 104:797–800. doi: 10.1590/S0074-02762009000500023 

 16. Luquetti, AO, Ponce, C, Ponce, E, Esfandiari, J, Schijman, A, Revollo, S , et al. Chagas’ disease diagnosis: a multicentric evaluation of Chagas stat-Pak, a rapid immunochromatographic assay with recombinant proteins of Trypanosoma cruzi. Diagn Microbiol Infect Dis. (2003) 46:265–71. doi: 10.1016/s0732-8893(03)00051-8 

 17. Guthmann, JP, Ruiz, A, Priotto, G, Kiguli, J, Bonte, L, and Legros, D. Validity, reliability and ease of use in the field of five rapid tests for the diagnosis of Plasmodium falciparum malaria in Uganda. Trans R Soc Trop Med Hyg. (2002) 96:254–7. doi: 10.1016/S0035-9203(02)90091-X 

 18. Roddy, P, Goiri, J, Flevaud, L, Palma, PP, Morote, S, Lima, N , et al. Field evaluation of a rapid immunochromatographic assay for detection of Trypanosoma cruzi infection by use of whole blood. J Clin Microbiol. (2008) 46:2022–7. doi: 10.1128/JCM.02303-07 

 19. Sánchez-Camargo, CL, Albajar-Viñas, P, Wilkins, PP, Nieto, J, Leiby, DA, Paris, L , et al. Comparative evaluation of 11 commercialized rapid diagnostic tests for detecting Trypanosoma cruzi antibodies in serum banks in areas of endemicity and nonendemicity. J Clin Microbiol. (2014) 52:2506–12. doi: 10.1128/JCM.00144-14 

 20. Akobeng, AK. Understanding diagnostic tests 2: likelihood ratios, pre-and post-test probabilities and their use in clinical practice. Acta Paediatr Int J Paediatr. (2007) 96:487–91. doi: 10.1111/j.1651-2227.2006.00179.x 

 21. Ouchchane, L, Rabilloud, M, and Boire, J-Y. Sensibilité, spécificité et valeurs prédictives In: R Beuscart, J Bénichou, P Roy, and C Quantin, editors. Évaluation des Méthodes D’analyse Appliquées Aux Sciences de la Vie et de la Santé–Biostatistique. Paris, France: Omniscience (2009). 49–78.

 22. Payton, ME, Greenstone, MH, and Schenker, N. Overlapping confidence intervals or standard error intervals: what do they mean in terms of statistical significance? J Insect Sci. (2003) 3:34. doi: 10.1093/jis/3.1.34 

 23. Landis, JR, and Koch, GG. The measurement of observer agreement for categorical data. Biometrics. (1977) 33:159–74. doi: 10.2307/2529310

 24. Cohen, JF, Korevaar, DA, Altman, DG, Bruns, DE, Gatsonis, CA, Hooft, L , et al. STARD 2015 guidelines for reporting diagnostic accuracy studies: explanation and elaboration. BMJ Open. (2016) 6:e012799. doi: 10.1136/bmjopen-2016-012799 

 25. WHO. Ending the Neglect to Attain the Sustainable Development Goals: A Road Map for Neglected Tropical Diseases 2021-2030. (2020) Available at: https://www.who.int/publications/i/item/WHO-UCN-NTD-%0A2020.01 (Accessed September 15, 2021).

 26. Mendicino, D, Stafuza, M, Colussi, C, Del, BM, Streiger, M, and Moretti, E. Diagnostic reliability of an immunochromatographic test for Chagas disease screening at a primary health care Centre in a rural endemic area. Mem Inst Oswaldo Cruz. (2014) 109:984–8. doi: 10.1590/0074-0276140153 

 27. Silva, ED, Silva, ÂAO, Santos, EF, Leony, LM, Freitas, NEM, Daltro, RT , et al. Development of a new lateral flow assay based on IBMP-8.1 and IBMP-8.4 chimeric antigens to diagnose Chagas disease. Biomed Res Int. (2020) 2020:1803515. doi: 10.1155/2020/1803515 

 28. Santos, FLN, Campos, ACP, Amorim, LDAF, Silva, ED, Zanchin, NIT, Celedon, PAF , et al. Highly accurate chimeric proteins for the serological diagnosis of chronic Chagas disease: a latent class analysis. Am J Trop Med Hyg. (2018) 99:1174–9. doi: 10.4269/ajtmh.17-0727 

 29. Cordeiro, TAR, Martins, HR, Franco, DL, Santos, FLN, Celedon, PAF, Cantuária, VL , et al. Impedimetric immunosensor for rapid and simultaneous detection of Chagas and visceral leishmaniasis for point of care diagnosis. Biosens Bioelectron. (2020) 169:112573. doi: 10.1016/j.bios.2020.112573 

 30. Dopico, E, Del-Rei, RP, Espinoza, B, Ubillos, I, Zanchin, NIT, Sulleiro, E , et al. Immune reactivity to Trypanosoma cruzi chimeric proteins for Chagas disease diagnosis in immigrants living in a non-endemic setting. BMC Infect Dis. (2019) 19:251. doi: 10.1186/s12879-019-3872-z 

 31. Santos, FLN, Celedon, PAF, Zanchin, NIT, Leitolis, A, Crestani, S, Foti, L , et al. Performance assessment of a Trypanosoma cruzi chimeric antigen in multiplex liquid microarray assays. J Clin Microbiol. (2017) 55:2934–45. doi: 10.1128/JCM.00851-17 

 32. Daltro, RT, Leony, LM, Freitas, NEM, Silva, ÂAO, Santos, EF, Del-Rei, RP , et al. Cross-reactivity using chimeric Trypanosoma cruzi antigens: diagnostic performance in settings co-endemic for Chagas disease and American cutaneous or visceral leishmaniasis. J Clin Microbiol. (2019) 57:e00762–19. doi: 10.1128/JCM.00762-19 

 33. Santos, EF, Silva, ÂAO, Freitas, NEM, Almeida, MCC, Araújo, FLV, Celedon, PAF , et al. Performance of chimeric Trypanosoma cruzi antigens in serological screening for Chagas disease in blood banks. Front Med. (2022) 9:852864. doi: 10.3389/fmed.2022.852864 

 34. Celedon, PAF, Leony, LM, Oliveira, UD, Freitas, NEM, Silva, ÂAO, Daltro, RT , et al. Stability assessment of four chimeric proteins for human Chagas disease immunodiagnosis. Biosensors. (2021) 11:289. doi: 10.3390/bios11080289 

 35. Freitas, NEM, Santos, EF, Leony, LM, Silva, ÂAO, Daltro, RT, Medrado, LCV , et al. Double-antigen sandwich ELISA based on chimeric antigens for detection of antibodies to Trypanosoma cruzi in human sera. PLoS Neglected Trop Dis. (2022) 16:e0010290. doi: 10.1371/journal.pntd.0010290 

 36. Leony, LM, Freitas, NEM, Del-Rei, RP, Carneiro, CM, Reis, AB, Jansen, AM , et al. Performance of recombinant chimeric proteins in the serological diagnosis of Trypanosoma cruzi infection in dogs. PLoS Negl Trop Dis. (2019) 13:e0007545. doi: 10.1371/journal.pntd.0007545 

 37. Santos, F, Magalhães-Junior, JT, Carneiro, IO, Santos, FLN, Silva, ÂAO, Silva, JMC, Novais, , et al. Eco-epidemiology of vectorial Trypanosoma cruzi transmission in a region of Northeast Brazil. Acta Trop. (2022) 225:106184. doi: 10.1016/j.actatropica.2021.106184 

 38. Costa, TF, Rocha, AVV, Miranda, LM, Lima, LFS, Santos, FLN, Silva, ÂAO , et al. Seroprevalence and detection of Trypanosoma cruzi in dogs living in a non-endemic area for Chagas disease in the legal Amazon region. Brazil Vet Parasitol Reg Stud Rep. (2021) 26:100648. doi: 10.1016/j.vprsr.2021.100648 

 39. Santos, FLN, Celedon, PAF, Zanchin, NIT, Brasil, TAC, Foti, L, Souza, WV , et al. Performance assessment of four chimeric Trypanosoma cruzi antigens based on antigen-antibody detection for diagnosis of chronic Chagas disease. PLoS One. (2016) 11:e0161100. doi: 10.1371/journal.pone.0161100 

 40. Santos, FLN, Celedon, PA, Zanchin, NI, Souza, WV, Silva, ED, Foti, L , et al. Accuracy of chimeric proteins in the serological diagnosis of chronic Chagas disease–a phase II study. PLoS Negl Trop Dis. (2017) 11:e0005433. doi: 10.1371/journal.pntd.0005433 

 41. Del-Rei, RP, Leony, LM, Celedon, PAF, Zanchin, NIT, Reis, MG, Gomes, YM , et al. Detection of anti-Trypanosoma cruzi antibodies by chimeric antigens in chronic Chagas disease-individuals from endemic South American countries. PLoS One. (2019) 14:e0215623. doi: 10.1371/journal.pone.0215623 


OPS/images/fmed-10-1031455-t002.jpg
Prevalence OnSite Chagas Ab WL check Chagas SD Bioline TR Chagas Bio-Manguinhos

Combo rapid test Chagas
False positives: true positives
0.1% 1364 783 105.1 2148
1% 135 77 105 23
5% 26 15 20 41
12 07 09 19
<0001 <0.001 <0.001 NS
1% <0.001 <0.001 <0.001 NS
5% 0,004 0.002 0.003 Ns

10% 0.009 0.003 0.006 NS





OPS/images/fmed-10-1031455-g003.jpg
Number of invalid tests

Storage temperature

Shelf-life in months

Required blood/serum/plasma quantity
Required time to perform the test
Steps needed

Additonal material / equipment

Stability of the results

Ease of indentifying reagents

Ease of box opening
Ease to performance
Quality of the instrucyion sheet
Cost per test (in US$)

TOTAL

LEGEND (with score)

>0,5%

<0,5%

@ Refrigeration

RT

@ <12months

@ =12months

O S| e|(e(e|e||®| | ®|®||®| ®|® | ® onsiechagas AB rapid

9|90 |®)|®|®) 0| ®|®|®|® ) wcheckchagas

O|e|e|(|e(e|e|e|e|®||e|®|®| & sosilnechagasAs

O o oo e|(e|e|®|®|®|®|®| ®rchagssioManginhos

® -ou @ =<sou
® ->20mn @ <20min
@ >2steps @ s2steps
@ e [ ) No
@ -<somn @ =30min
@ oifiicutt @ casy
@® ey @ Very good
@ ey @ Verygood
® Gcod @ Verygood
@ >usss00 | |@ sUss500

N
-3

N
a

N
a

N
-3






OPS/images/fmed-10-1031455-t001.jpg
Performance parameters  OnSite Chagas Ab WL check Chagas =~ SD ne Chagas TR Chagas
combo rapid test Manguinhos
SEN % (95%CI) 928 (86.3-96.8) 97.3(923-99.4) 955 (89.8-98.5) 100 (96.7-100)
SPE % (95%CI) 87.3(78.0-93.8) 92.4(84.2-97.2) 899 (81.0-95.5) 78.5 (68.2-86.1)
ACC % (95%C1) 905 (85.5-93.9) 95.3(912-97.5) 93.2 (88.6-96.0) 91 (86.1-943)
k(95% CI) 0,80 (0.72-0.89) 0.90 (0.84-0.96) 0.86 (0.78-09%) 081 (0.72-090)
SEN, sensitivity; SPE, specificity; ACC, accuracy; k, Cohen's Kappa coefficient; CI, confidence interval,






OPS/xhtml/Nav.xhtml




Contents





		Cover



		A multicenter comparative study of the performance of four rapid immunochromatographic tests for the detection of anti-Trypanosoma cruzi antibodies in Brazil



		1. Introduction



		2. Materials and methods



		2.1. Selection of RDTs



		2.2. Participating reference laboratories



		2.3. Sample collection



		2.4. Immunochromatographic assays



		2.5. Usability assessment



		2.6. Statistical analysis









		3. Results



		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/fmed-10-1031455-g001.jpg
Potencially eligible samples (n = 190)

v

RDTs - index tests (n = 190)

v

Negative result (n = 79)

v

v

Positive result (n = 111)

v

Referred to reference standard tests

Referred to reference standard tests

v

v

Reference standard tests done (n = 79)

Reference standard tests done (n = 111)

OnSite Chagas Ab Rapid

-T. cruzi-positive samples (n = 10)
-T. cruzi-negative samples (n = 69)

OnSite Chagas Ab Rapid

H -T. cruzi-positive samples (n = 103)

-T. cruzi-negative samples (n = 8)

SD Bioline Chagas AB

H -T cruzi-positive samples (n = 8)
-T. cruzi-negative samples (n = 71)

SD Bioline Chagas AB

I -T. cruzi-positive samples (n = 106)

-T. cruzi-negative samples (n = 5)

WL Check Chagas

H -T cruzi-positive samples (n = 6)

-T. cruzi-negative samples (n = 73)

WL Check Chagas

I -T. cruzi-positive samples (n = 108)

-T. cruzi-negative samples (n = 3)

TR Chagas Bio-Manguinhos

L] -T. cruzi-positive samples (n = 17)

-T. cruzi-negative samples (n = 62)

TR Chagas Bio-Manguinhos

L -T. cruzi-positive samples (n = 111)

-T. cruzi-negative samples (n = 0)






OPS/images/fmed-10-1031455-g002.jpg
PPV (%)

100
90
80
70
60
50
40
30
20
10

Positive Predictive Value (PPV)

100
90
80
70
60
50
40
30
20
10

NPV (%)

Negative Predictive Value (NPV)

0T

00 01

T T T T T T T T 1
02 03 04 05 06 07 08 09 10

Hypothetical Prevalence Values

Legend

0

L G L RN S S R p e |

00 01 02 03 04 05 06 07 08 09 10

Hypothetical Prevalence Values

— Onsite Chagas AR Rapid

== WL Check Chagas

— SD Bioline Chagas AB

— TR Chagas Bi

Manguinhos






OPS/images/cover.jpg
’ frontiers | Frontiers in Medicine

A multicenter comparative study
of the performance of four rapid
immunochromatographic tests for
the detection of
anti-Trypanosoma cruzi antibodies
in Brazil












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers Frontiers in Medicine






