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ABSTRACT Infection by Trypanosoma cruzi (Chagas disease [ChD]) affects around 7
million people in the Americas, most of whom are unaware of their status due to
lack of clinical manifestations and poor access to diagnosis. Rapid diagnostic tests
(RDTs) are widely used for screening for different infections (HIV, hepatitis B, and
syphilis), and their application for ChD would facilitate access to diagnosis, especially
in remote areas where health services have scarce resources. We conducted a pro-
spective intervention study in 2018 to evaluate in the field two in vitro RDTs for
ChD, authorized by the National Administration of Medicaments, Aliments, and Med-
ical Technologies of Argentina (ANMAT), in areas of endemicity and nonendemicity
in Argentina. We recruited 607 volunteers older than 18 years in Salta province and
the city of Buenos Aires. The RDTs Ab Standard Diagnostics SD Bioline (SD) and
Check Chagas Wiener Lab (WL) were performed in situ with whole-blood samples,
and confirmatory serology was done at a reference center. The rate of infection with
T. cruzi was 17.8% (108/607). The SD test showed 97.2% sensitivity (95% confidence
interval [CI], 93.5 to 100) and 91.7% specificity (95% CI, 96.2 to 99.2%), and the WL
test showed 93.4% sensitivity (95% CI, 88.2 to 98.6%) and 99.1% specificity (95% CI,
91.9 to 100%). The sensitivity and specificity for the two RDTs tested were higher
than previously reported. These results encourage the use of the tested RDTs in
Salta province and for further field studies for the implementation of these RDTs in
other epidemiological scenarios. This will be very important to improve access to di-
agnosis of Chagas and its clinical management as a neglected disease, especially in
remote areas with health access barriers.

KEYWORDS Chagas disease, Trypanosoma cruzi, diagnostics, immunoserology,
infectious disease, parasitology, rapid tests

Infection by Trypanosoma cruzi, or Chagas disease (ChD), affects around 6 to 8 million
people in the Americas (1). Most of these infected people are unaware of their status

due to the lack of clinical manifestations and limited access to diagnosis (1, 2).
Diagnosis is the first step toward prompt access to trypanocidal treatment in young
people and/or clinical attention in adults, to prevent complications of cardiopathy or
digestive compromise, which affects around 30% of infected people (1, 3). The World
Health Organization (WHO) recommends diagnosis of chronic infection through the use
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of two serological tests with different principles, such as an enzyme-linked immunosor-
bent assay (ELISA), a hemagglutination inhibition assay (IHA), or indirect immunofluo-
rescence (IIF), although it also recognizes the usefulness of immunochromatographic
assays (ICA) and chemiluminescence (3). A significant part of the populations at risk of
infection live in remote areas where health services have scarce resources. Therefore,
the application of rapid diagnostic tests (RDTs) based on ICA would facilitate access to
diagnosis. RDTs have several advantages: they are easy to apply, do not require
specialized operators, can be stored at room temperature, give results in minutes, use
different types of samples (whole blood, serum, and plasma), and are affordable (4).
RDTs are widely used to screen for different infections, especially those related to sexual
and/or vertical transmission, such as HIV, hepatitis B, and syphilis (5), as well as
vector-borne infections, such as dengue and malaria (6, 7). In all cases, results of RDTs
must be confirmed by other, more specific serological tests or molecular biology
techniques. Numerous studies have analyzed the performance of RDTs specific for ChD
in different populations and with different samples, finding high variability in perfor-
mance, with sensitivity values ranging from 33% to 100% and specificity values ranging
from 94 to 99.9% (8–19).

In 2010, the 63rd World Health Assembly of the WHO recommended the use of
systems that allow rapid detection of ChD at the primary health care level. A study
performed at 11 reference centers considered eight of the commercialized RDTs to be
adequate for this purpose (20). Since this study used bank serum samples, it was then
necessary to evaluate their performance by using whole-blood samples and by apply-
ing them in different settings (20). Following these recommendations, in 2017 our
group performed a pilot study which included samples from 148 persons in the rural
community of Alto la Sierra in Salta province, Argentina, using the RDT SD-Bioline (SD).
We performed SD-Bioline RDTs with serum and EDTA-blood samples, tested in parallel
by different operators. The SD-Bioline results were compared with the standard diag-
nostics recommended by the Pan American Health Organization (PAHO) in 2019 (3),
which consist of the combination of two positive serological tests (ELISA, IHA, and IIF)
and application of a third if the results of the first combination are discordant. In the
pilot study, we observed a 10.8% infection rate and found a sensitivity of 100% (95%
confidence interval [CI], 96.8 to 100%) and a specificity of 93.9% (95% CI, 89.5 to 98.4%),
with no differences observed between the use of whole-blood or serum samples
(unpublished results). Based on this previous experience and since two manufacturers
donated their RDTs, we developed the current study with the aim to perform a field
evaluation of these two commercially available RDTs for ChD in an area of endemicity
and an area of nonendemicity in Argentina, using whole-blood samples.

MATERIALS AND METHODS
Study design, location, and sampling of participants. We conducted a prospective study in 2018

with residents from the Argentine localities of Alto La Sierra, Cafayate, San Carlos, and Orán, all in Salta
province, which is an area of endemicity, and from the city of Buenos Aires and its surroundings, which
is an area of nonendemicity. Endemicity is defined considering the natural presence of the vector and the
occurrence of vector-borne infections. Salta is a region of endemicity for the vector Triatoma infestans,
but the localities where we performed the study are under vectorial control (21). The city of Buenos Aires
and its surroundings have no natural presence of the vector. Considering the results obtained in the pilot
study performed in the Alto la Sierra community, which was mentioned in the introduction, i.e., a
prevalence of 10%, a sensitivity of the method of 97%, and a confidence interval (CI) of 95%, the sample
size was calculated to be between 440 and 500 (22). Potential participants were randomly invited when
they attended the following health institutions: National Institute of Parasitology Dr. Mario Fatala Chaben
(INP) in Buenos Aires, Nuestra Señora del Rosario Hospital in Cafayate, San Carlos Hospital in San Carlos,
Tropical Disease Laboratory in Orán, and Alto La Sierra Hospital in Alto La Sierra and its surrounding
attention centers in the department of Rivadavia, in Salta province. In Salta province, the communities
were also informed about the study and invited to participate through the local radio and through other
health professionals. Individuals older than 18 years who had not received trypanocidal treatment were
included. Venous blood was collected in both an EDTA tube and a tube without anticoagulant.

RDTs and gold standard serological tests. The blood from the EDTA tube was immediately used
for the two RDTs specific for ChD: Chagas Ab Standard Diagnostics SD Bioline (SD) and WL Check Chagas
Wiener Lab (WL) following the manufacturers’ recommendations. The manufacturers’ reported sensitiv-
ities and specificities for these RDTs are as follows: for SD, 99.3% and 100% (95% CI not reported), and
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for WL, 98.6% (95% CI, 92.5 to 99.6) and 98.4% (95% CI, 96.7 to 100), respectively. According to the
intensity of the band with respect to the control, the results were recorded as weakly positive (WP),
strongly positive (SP) and negative (N). Invalid (I) results were defined as follows: control line “C” not
visible or blood presence in the result window. If the RDT results were invalid, a new test was used and
both results were recorded. The RDTs were performed by independent technicians who did not know the
infectious condition of the participants. Serum aliquots from the tube without anticoagulant were
obtained and sent refrigerated (2 to 6°C) to the INP to perform conventional serological (CS) tests.
Following the national guidelines (23), we used the combination of results of three in-house immuno-
serological tests (ELISA, IHA, and IIF) as the gold standard. The in-house tests are developed with the
following antigens: (i) for ELISA, lysate of epimastigotes of T. cruzi strain Tul2; (ii) for IHA, lysate of
epimastigotes of 29 T. cruzi strains; and (iii) for IIF, whole epimastigotes of T. cruzi strain Tul2 preserved
in formaldehyde. The tests were performed following the standardized procedures of the INP (23). The
cutoff values for the techniques are as follows: (i) for ELISA, optical density (OD) � (average of high
positive controls � average of low positive controls) � 0.28; (ii) for IHA, reactive title � 1/32; and (iii) for
IIF, reactive title � 1/32. The INP is part of an external quality control program by the Brazilian Society of
Clinical Assays. The technicians who performed these CS tests were blinded to the results obtained with
both RDTs. Based on the results of the CS tests, the following definitions were used: true positive (TP),
positive RDT with at least two positive CS tests (seropositive); true negative (TN), negative RDT with three
non-reactive CS tests (seronegative); false positive (FP), positive RDT with three non-reactive CS tests
(seronegative); false negative (FN), negative RDT with at least two reactive CS tests (seropositive).

Cases that presented only one of three CS tests reactive were considered discordant. Discordant
cases and those for which only one RDT had been performed were excluded from the accuracy analysis.
The results from both the RDTs and CS tests were recorded independently and reported to an
administrative operator for data entry in the database.

For the accuracy analysis of RDTs, 2 � 2 tables were created for each RDT and for both RDTs in
comparison with the CS tests. Sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), kappa index, and Youden index were calculated, all with their respective 95% CIs. Data were
analyzed by means of Stata v.11 and Epidat v.3.1 software. Data sets are available at https://data
.mendeley.com/datasets/jg3s6jwnbb/1.

Ethical considerations. This study was approved by the Institutional Review Board of the Ministry
of Public Health of Salta province: Provincial Commission of Researchers in Health Sciences, Teaching and
Research Program, Human Resource Office (Comisión Provincial de Investigadores en Ciencias de la
Salud, Programa de Docencia e Investigación, Dirección de Recursos Humanos), file no. 321-91991/
2018-0. All the participants signed an informed-consent form, and in case of illiteracy or vulnerability, a
witness was present and a signature was required. Each participant was assigned an identification (ID)
number when enrolled in the study, and all samples and results were recorded under that ID. Confir-
matory results were sent to the local laboratories to be given to the participants of the study.
Additionally, in the case that infection was confirmed, medical recommendations were provided to the
seropositive person.

RESULTS

Between April and October 2018, a total of 607 samples were obtained from the
enrolled participants (Table 1). Most of the participants were female (388/607 [63.9%]),
and the average age was 41.9 years (range, 18.2 to 87.5). A total of 17.8% (108/607) of
the participants were diagnosed as infected with T. cruzi through CS testing (Table 1).

Results for six of the cases were invalid with the WL test, and therefore, testing was
repeated; the last result was considered valid. No case had invalid results per the SD
test. For the analysis of sensitivity and specificity, a total of 62 cases were excluded for
the following reasons: (i) 1 for having a previous treatment, (ii) 35 for not having results
from both RDTs, and (iii) 26 for having discordant CS test results. Therefore, a total of
545 cases were considered, 106 of which corresponded to confirmed T. cruzi infection
(Fig. 1). For the analysis, the WP and SP cases were considered a single category of
positive tests. The performance parameters of the RDTs are included in Table 2.

TABLE 1 Number of cases recruited in each locality and results of conventional serologya

CS result

Locality

TotalALS Orán San Carlos Cafayate INP

No. % No. % No. % No. % No. % No. %

Seronegative 107 73.3 118 88.7 81 89.0 93 93.0 73 53.3 472 77.8
Seropositive 30 20.5 13 9.8 5 5.5 7 7.0 53 38.7 108 17.8
Discordant 9 6.2 2 1.5 5 5.5 0 0.0 11 8.0 27 4.5

Total 146 133 91 100 137 607
aCS, conventional serology; ALS, Alto la Sierra; INP, National Institute of Parasitology (Buenos Aires); No.,
number of individuals studied.
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The SD test had high sensitivity and a greater capacity for identification of sero-
positive cases (97.2%) than the WL test. With this test, three cases were reported as FN,
while seven cases (6.6%) were not identified with the WL test (Table 3). Due to the
coincidence in the FN samples obtained by both RDTs, the use of both tests in parallel
did not increase the sensitivity and was equivalent to that of the SD test. Of these cases,
two subjects were from Alto La Sierra, one was from Orán, and four were from the INP.
In these seven cases, the CS tests were positive, although for six of them (except case
931) the ELISA or IHA had reactive results close to the cutoff value.

The WL test had higher specificity, with 4 false-positive cases (0.9%) in comparison
to the 10 false-positive cases (2.3%) obtained with the SD test (Table 4). One of these
FP cases (ID251) had a nonreactive ELISA close to the cutoff value and a strong band
with both RDTs. In general, FP cases had a band of lower intensity (WP) than the control
band of the RDTs (Table 4).

Considering the samples by area of endemicity, the performance of the RDTs was
analyzed in two groups: the localities of Salta province (area of endemicity) and the city
of Buenos Aires and its surrounding areas (area of nonendemicity) (INP). The perfor-
mance of both tests was slightly better in the population from Salta than in that from

FIG 1 Recruiting algorithm of the participants. Abbreviations: ALS, Alto La Sierra; INP, National Institute of Parasitology; Tto,
treatment; RDTs, rapid diagnostic tests; TP, true positive; FN, false negative; CS, conventional serology.
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Buenos Aires and its surroundings, reaching a sensitivity of 98.1% and an NPV of 99.7%
with the SD test (Table 5).

A subanalysis of the 26 cases found to be discordant by CS testing was performed.
Of these, 13 (50.0%) were not identified by any of the two RDTs. Among the remaining
13 cases, the SD test identified all (50.0%) and the WL test identified only 6 of them
(23.1%).

DISCUSSION

Diagnosis of chronic ChD is nowadays made by two serological tests (CS tests). CS
tests are not always available in primary health care centers, and it may take several
days to carry them out. In contrast, RDTs are simple to operate, easy to conserve, have
low cost, and give results in 15 to 30 min, so they are especially useful at the first level
of attention, especially in remote areas, where laboratories are usually of low complex-
ity or nonexistent. Thus, to explore these tests as new diagnostic tools for ChD, we
developed the current study to evaluate the performance of the RDTs SD and WL with
whole-blood samples from residents of localities of endemicity in northern Argentina
and of the metropolitan area of Buenos Aires (which is an area of nonendemicity).
These two tests had been previously evaluated only in a multicenter reference labo-
ratory study using biobanked serum samples (15, 20). Although the localities of Salta
where we performed the study are nowadays vector free due to control programs, due

TABLE 2 Performance parameters of rapid diagnostic tests (RDTs) for Chagas diseasea

aP, positive; N, negative; I, infected; NI, not infected; T, total; PPV, positive predictive value; NPV, negative
predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.

TABLE 3 Results of the RDTs and CS in false-negative cases by either one or both RDTsa

ID

Rapid test Conventional serology

SD-Bioline Wiener ELISAb ELISA cutoffb IHAc IIFc

123 N N 0.231 0.213 NR 32
146 WP N 0.140 0.204 32 64
496 WP N 0.229 0.206 32 64
838 N N 0.162 0.224 32 32
890 N N 0.135 0.201 32 64
928 SP N 0.162 0.203 32 64
931 WP N 0.318 0.209 64 128
aN, negative; WP, weakly positive; SP, strongly positive; NR, nonreactive; ID, case number; CS, conventional
serology.

bOptical density measurement.
cInverse titer dilution, being NR equal to or less than 16.
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to historical presence of the vector in houses and peripheral areas, the prevalence of T.
cruzi infection is still high, as can be appreciated from Table 1. On the other hand, the
INP population resides in an area of nonendemicity, but members were recruited at a
reference center for Chagas disease, so many of them were already patients or were
suspected of being infected. In this sense, populations of both areas were assumed to
have a high rate of infection, similar to that of areas of endemicity without vector
controls (or recent control). However, the rate of infection observed in this study may
not be representative of the global prevalence in the provinces.

The field evaluation of the RDTs SD and WL showed that these tests had higher
sensitivity and specificity than other ChD RDTs evaluated previously in different coun-
tries and using different samples (8–18). When these RDTs were performed with serum
samples, they showed a sensitivity of about 96% to 100% (13, 14, 18, 19), but when they
were performed with whole-blood samples, their sensitivity decreased to 96 to 62.5%
(15, 18). Other studies with other RDTs, even using serum samples, obtained very low
sensitivity, 33 to 55% (16). The use of serum samples implies preanalytical procedures
that take time and require laboratory equipment. In the present study, the SD RDT
showed a sensitivity of 97%, similar to that obtained with serum samples but with a
direct sample of whole blood. A recent field study performed in Bolivia using finger
prick whole-blood samples with two RDTs showed sensitivity values of 97.7% and

TABLE 4 Results of the RDTs and CS in false-positive cases by either one or both RDTs

IDc

Rapid test Conventional serology

SD-Bioline Wiener ELISAa ELISA cutoffa IHAb IIFb

017 WP N 0.091 0.208 NR NR
030 WP N 0.089 0.209 NR NR
225 SP N 0.080 0.185 NR NR
251 SP SP 0.185 0.200 NR NR
425 WP N 0.073 0.204 NR NR
705 N WP 0.021 0.204 NR NR
754 WP N 0.060 0.215 NR NR
779 WP N 0.056 0.207 NR NR
808 WP N 0.099 0.223 NR NR
871 WP N 0.121 0.219 NR NR
876 N WP 0.026 0.203 NR NR
887 WP WP 0.102 0.205 NR NR
aOptical density measurement.
bInverse titer dilution, being NR equal to or less than 16.
cID, case number.

TABLE 5 Performance parameters of RDTs in the populations from Salta and Buenos
Airesa

aP, positive; N, negative; T, total; I, infected; NI, not infected; PPV, positive predictive value; NPV, negative
predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.
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98.4% (24). These results are similar to the results of the SD test obtained in our study,
but in the case of the Bolivian study, the gold standard was two ELISAs, which may
show higher sensitivity and lower specificity (25), while in our study, the gold standard
was based on the standard diagnostic recommended by the PAHO. The definition by
PAHO indicates the combination of two positive serological tests (ELISA, IHA, and IIF)
and, in case of discordancy, the application of a third test for definition (3).

Confirming the good parameters of sensitivity and specificity, both RDTs had a
kappa index higher than 0.9, which implies an almost perfect concordance with the
serological standard, as well as the Youden index, which includes both parameters,
being 0.95 for SD and 0.92 for WL (26). Considering the NPV for the SD test, only 1 or
2 out of 100 infected people would have been misdiagnosed (i.e., would have had a
negative result with the RDT). Thus, we analyzed whether using two RDTs simultane-
ously increased the identification of infected individuals, but as the WL RDT showed
lower sensitivity than the SD RDT and coincidence in FN cases, this was not possible. We
observed that FN cases were discordant when using the ELISA-IHA pair, which is the
serological pair most widely used. Consequently, these cases were defined as positive
through IIF.

We must point out that the accuracy parameters of both the SD and WL tests were
lower than those indicated by the manufacturers, as already evidenced in other studies
(1, 8–18, 27). Analytical validation of the manufacturers is usually performed with serum
panels from people that do not always coincide with the target population. These
serum panels are from populations who may not have diversity in the antigenic
exposure (T. cruzi strains), variations in population genetic bases of immune response,
cross-reactivity with other prevalent infections, or differences in the samples used (28,
29). For this reason, prior to the implementation of an RDT in the routine protocols, it
is recommended to perform a verification study of the parameters indicated by the
manufacturer in the target population. In this study, both RDTs showed a better
performance in the population living in Salta (area of endemicity) than in the popula-
tion living in Buenos Aires (area of nonendemicity), with the SD test reaching a
sensitivity of 98.1% (95% CI, 93.5 to 100%) and NPV of 99.7%. This better performance
of tests in populations with higher prevalence of T. cruzi infection has also been
evidenced in other studies that compared performance in populations in areas of
endemicity and nonendemicity (30). This could be related not only to the effect of
prevalence on sensitivity estimations but also to a stronger immune response and level
of specific antibodies in samples from people with more recent infections or reinfec-
tions in areas of endemicity. Considering the negative likelihood ratio (NLR), which is
independent of population prevalence, SD RDT had an optimum result for both
subpopulations, but the positive likelihood ratio (PLR) for Salta group was a better
indicator than for the Buenos Aires group (31). Therefore, the RDTs evaluated would be
useful tools to screen populations for chronic T. cruzi infection in this region. For the
population from the area of nonendemicity, the SD test showed acceptable parameters
according to the recommendation of the Pan American Health Organization (PAHO).
Nonetheless, the evaluation of the parameters of the WL test showed values lower than
those expected, and it would be convenient to perform more studies in general
populations since the population included in this study is the one that specifically
attends the INP, which is a national reference center for ChD.

In the latest guidelines for the diagnosis and treatment of ChD of the PAHO, the
parameters considered to indicate acceptable performance of RDTs were a sensitivity of
94% and specificity of 97% (3). In addition, these guidelines strongly recommend their
use for screening or population-based studies and conditionally for diagnosis (3). Both
RDTs evaluated in this study with whole-blood samples from people living in an area
of endemicity demonstrated better parameters than those recommended in the PAHO
guidelines.

RDTs for other infections are widely used for screening, point-of-care diagnosis,
detection campaigns, and population-based screening and by laboratories of prelabor
and presurgery in emergency services (32, 33). RDTs for HIV, which are the most widely
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used, have shown variable performance depending on the manufacturer and the
population to which they are applied, with a sensitivity close to 100% (96.2 to 100.0%)
and a specificity between 85.3% and 100% (27–29, 34–36). Hepatitis B and syphilis RDTs
are also implemented, in many cases as a joint strategy with HIV for the detection of
vertical transmission during pregnancy (35). In the case of vector-borne diseases such
as malaria and dengue, RDTs are also being implemented (6, 7, 37). Besides the HIV
RDTs, the sensitivity and specificity of SD and WL for ChD are similar to or even higher
than those of other RDTs used to diagnose other infections (27, 35–41).

In this direction, in Latin America, the PAHO has recently included the control of ChD
in the regional strategy for the elimination of mother-to-child transmission of HIV and
syphilis, the so-called EMTCT-Plus Framework (42). This new scenario demands the
availability of RDTs of acceptable evaluated performance, as demonstrated by the SD
and WL tests. Currently, an implementation of EMTCT-Plus is being carried out in the
Gran Chaco region (Argentina, Bolivia, and Paraguay), using the SD and WL RDTs for
Chagas detection in pregnant women, as well as RDTs for HIV, syphilis, and hepatitis B
(43).

In Argentina, testing for ChD is mandatory for all women during pregnancy and for
children of infected mothers, but both controls are deficient, having a coverage in
pregnant women of around 60% (39). The availability of these tests would facilitate a
greater coverage, especially in health care centers of lower complexity and emergency
services (44). Although National Law 26281 for Prevention and Control of ChD estab-
lishes control of school-aged children, this is usually not implemented or performed
only occasionally in provinces where the disease is endemic. Easier access to diagnosis
through RDTs in children and women of childbearing age would also allow better
access to trypanocidal treatment, which has been shown to be efficient for the
elimination of parasitemia if performed early (40) and to avoid congenital transmission
in women treated before pregnancy (30, 41, 45). In people at the chronic phase of the
disease, diagnosis leads to clinical controls that allow monitoring of potential disease
progression and prevention of morbidity and mortality. This has had not only an
individual positive effect by allowing people infected by T. cruzi to have a better quality
of life but also a positive economic impact for governments, because it allows avoid-
ance of high-cost interventions in the health system and prevention of loss of individ-
uals at an economically active age.

Conclusion. The current study is the first field evaluation of the SD and WL RDTs
using whole-blood samples. Both RDTs showed satisfactory performance in the popu-
lation from Salta province, results that encourage their use in this region. Our obser-
vations are also a positive antecedent to perform other verification studies in different
populations and health scenarios to confirm our results, prior to their use in practice.
The use of these tests would facilitate access to diagnosis, treatment and attention for
people with ChD who are currently not being identified by the health system and
would therefore contribute to the efforts being made against this social and public
health problem in Latin America and of international relevance.
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