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Background. 'The diversity of individuals at risk for Trypanosoma cruzi infection in the United States poses challenges for diag-
nosis. We evaluated the diagnostic accuracy of Food and Drug Administration (FDA)-cleared tests in the Washington Metropolitan
area (WMA).

Methods. In total, 1514 individuals were evaluated (1078 from Mexico, Central and northern South America [TcI-predominant
areas], and 436 from southern South America [TcIl/V/VI-predominant areas]). Optical density (OD) values from the Hemagen EIA
and Chagatest v.3 Wiener, and categorical results of the IgG-TESA-blot (Western blot with trypomastigote excretory-secretory an-
tigen), and the Chagas detect plus (CDP), as well as information of area of origin were used to determine T. cruzi serostatus using
latent class analysis.

Results. We detected 2 latent class (LC) of seropositives with low (LC1) and high (LC2) antibody levels. A significantly lower
number of seropositives were detected by the Wiener, IgG-TESA-blot, and CDP in LC1 (60.6%, P < .001, 93.1%, P = .014, and 84.9%,
P =.002, respectively) as compared to LC2 (100%, 100%, and 98.2%, respectively). LC1 was the main type of seropositives in TcI-
predominant areas, representing 65.0% of all seropositives as opposed to 22.8% in TcIl/V/VI-predominant areas. The highest sensi-
tivity was observed for the Hemagen (100%, 95% confidence interval [CI]: 96.2-100.0), but this test has a low specificity (90.4%, 95%
CI: 88.7-91.9). The best balance between positive (90.9%, 95% CI: 83.5-95.1), and negative (99.9%, 95% CI: 99.4-99.9) predictive

values was obtained with the Wiener.
Conclusions.

Deficiencies in current FDA-cleared assays were observed. Low antibody levels are the main type of seropositives

in individuals from TcI-predominant areas, the most frequent immigrant group in the United States.
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Approximately 40% (18 million) of Latin Americans living in
the United States were born in a Chagas-endemic country [1].
Including undocumented immigrants, recent calculations esti-
mate 326 000 to 347 000 cases of Trypanosoma cruzi infections
in the United States [2].

T. cruzi is composed of a highly diverse population of 7 dis-
crete typing units (DTUs) whose distribution varies by geo-
graphic location [3]. Tcl, which includes 5 intra-DTUs (Ia, Ib,
Ic, Id, Ie), predominates from the southern United States to
northern South America (including Mexico, Central America,
Colombia, Venezuela, Ecuador, and Peru). At the same time,
Tcll/V/VI prevail in southern South America [3, 4]. Differences
in the immune response, lower levels of antibodies, and lower
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sensitivity of diagnostic tests have been observed between
Tcl- and Tcll/V/VI-predominant areas [5-8].

An in vitro study found that infection of human peripheral
blood cells with TcI and TcIl DTUs induced a different immune
response [9]. Compared to TcIl, Tcl caused a higher mono-
cyte activation, higher production of interleukin (IL)-10 in in-
fected monocytes, and higher levels of IL-17 by CD8+ T cells.
Conversely, infection with TcII was associated with higher levels
of TNF-alpha and granzyme A by CD8+ T lymphocytes [9].
Differences in the immune response, as well as host-immune
factors, may affect the performance of serological tests that have
been validated in TcIl/V/VI-predominant areas. Lower levels
of antibodies to the whole extract of the epimastigote of TcIl
and recombinant antigens (B13, JL8, and 1F8) was observed in
Central Americans compared to South Americans [5].

In the United States, the high diversity of Latin Americans
from different endemic countries provides unique challenges in
the diagnosis and recognition of clinical manifestations. A re-
cent study in Hispanic blood donors in the United States found
that levels of antibodies and sensitivity of some Food and Drug
Administration (FDA)-cleared tests were low in Mexicans, inter-
mediate in Central Americans, and high in South Americans [8].
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There are four FDA-cleared tests for diagnosis: Hemagen
EIA, Wiener ELISA (enzyme-linked immunosorbent assay),
lateral flow assay Chagas Detect Plus (CDP), and Ortho ELISA
(Supplementary Table 1). The Hemagen, CDP, and Ortho are
produced and sold by US manufacturers. The Hemagen and
the CDP can be ordered in small numbers, so these tests are the
easiest to acquire. The Ortho is only sold in bulk supply and has
a short shelf-life. The Wiener is produced by an Argentine lab-
oratory, and without an established distributor in the United
States its acquisition is challenging and costly because it in-
volves coordination and payments of freight, expeditors con-
tinuous entry bond, local delivery under refrigeration, among
others (Sheba Meymandi, personal communication). Due to
logistic and costs reasons, most laboratories in the United
States use the Hemagen and/or the CDP. However, early find-
ings expressed concerns about the high number of indetermi-
nate and/or false positive results provided by these 2 tests [8,
10, 11]. Furthermore, the Wiener, Hemagen, and CDP have
been mainly evaluated in specimens from the Southern cone
of Latin America. Evaluations in Mexico and Central America
have been done using repository samples that may provide
inaccurate results because different countries use a different
algorithm of diagnosis and selection of positive individuals
depends on the accuracy of screening tests [12]. A Western
blot using the Trypomastigote Excretory-Secretory Antigen
(TESA-Blot) is one of the confirmatory tests; however, due to
the absence of a commercial TESA-blot, the test is only per-
formed by the Centers of Disease Control and Prevention
(CDQ) for clinical purposes [13].

Latin Americans account for 15.3% (906 00 Latinos) of the
population in the Washington Metropolitan Area (WMA) [14,
15]. Different from other areas in the United States, where the
predominant Hispanic group is Mexicans, immigrants from El
Salvador are the largest immigrant group in the WMA repre-
senting 33.3% of the Latin American population, followed by
Mexicans (14.6%), Guatemalans (7.6%), Hondurans (2.8%),
and Bolivians (2.8%) [15, 16].

We evaluated the accuracy of three of the four FDA-cleared
tests in a community-based study of Latin American immi-
grants in the WMA. We used latent class analysis (LCA) in the
absence of a gold standard in this geographically diverse Latin
American population. LCA was also used to determine dif-
ferent types of seropositives and their distribution in partici-
pants from TcI- and TcIl/V/VI-predominant areas.

METHODS

Study Design, Enrollment, and Participants

A cross-sectional study was conducted from February 2016 to
April 2018 in the WMA. Individuals >18 years old from any of
the 21 endemic countries [17] were enrolled via recruitment in
churches, community centers, consulates, and health fairs.

Enrollment was conducted in places where Latin Americans
made up >15% of the population [14, 18, 19]. These included
areas in the state of Virginia (Manassas Park City, Fairfax City,
Fairfax County, Arlington County, Falls Church City, and
Alexandria City), the state of Maryland (Montgomery County
and Prince George’s County), and Washington, D.C.

The institutional review board of the Johns Hopkins School
of Public Health (JHSPH) approved the protocol (IRB 6713).

Serological Tests

Three FDA-cleared tests (2 ELISAs and one lateral flow assay)
were run in parallel in all samples following the instructions of
the manufacturer. These tests included: The Hemagen Chagas
kit (Hemagen Laboratories, Columbia, MD, USA), the Chagatest
recombinant v.3.0 (Wiener Laboratories SAIC, Argentina), and
the Chagas Detect Plus (CDP, InBios International Inc, Seattle,
WA, USA).

The CDP was performed in a community-setting using capil-
lary blood samples obtained by fingerstick. The IgG-TESA-blot
was carried out in a subset of serum samples randomly selected
and weighted based on their country of origin (TcI vs TcIl/V/
VI).

The IgG-TESA-blot was done using the TESA from T. cruzi
Y strain and was developed following published procedures
[20-22] in our laboratory at JHSPH.

Epidemiological Data
A validated questionnaire standardized in Santa Cruz, Bolivia,
was used to obtain epidemiological data [23]. The questionnaire
was in Spanish and mainly self-administered. In cases of illit-
erate participants, a study volunteer administered the survey.
Individuals were grouped in TcI- (Mexico, Central America,
Peru, Costa Rica, and Venezuela) and TcII/V/VI- (Argentina,
Bolivia, Brazil, and Chile) predominant areas based on the
predominant T.cruzi DTU of their country of origin. We
based our grouping on the results of a meta-analysis of the
geographic distribution of T. cruzi DTUs [24]. Peruvians were
classified in the TcI-predominant group based on more recent
molecular results in circulating vectors in 8 endemic depart-
ments [25] and serotyping analysis in infected humans from
two endemic cities [26].

Latent Class Analysis

The LCA models included categorical (positive, indeterminate,
or negative) or continuous (corrected optical densities, ODs)
results obtained in the 2 ELISA tests (Wiener and Hemagen),
as well as categorical results of the TESA-blot and the CDP.
Different models were evaluated with and without the infor-
mation of the area of origin. The statistical software Mplus
Version 8 (Muthén & Muthén, Los Angeles, CA, USA) was
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used for LCA. The results of the different models are shown in
Supplementary Table 2.

Other Statistical Analysis

Positive and negative predictive values (PPV and NPV, respec-
tively) were calculated using the Bayes theorem. Individuals that
had received antitrypanosomal treatment, which may affect an-
tibody levels [27, 28], were excluded. Individuals that had been
tested previously for Chagas disease were only excluded for
the determination of prevalence, test accuracy, and risk factor
analysis but not for LCA modeling. The reasons for this exclu-
sion were (1) Previously diagnosed positive individuals may be
more likely to participate in the study, thereby increasing the
prevalence; (2) individuals with high antibody levels may be
more likely to have received a previous positive diagnosis, thus
increasing the number of individuals with high antibody levels;
and (3) previously diagnosed Chagas patients may be better in-
formed about Chagas risk factors.

To determine test accuracy, we considered samples with in-
determinate results in the ELISAs to be positive. Weighted prev-
alence was calculated following the distributions of Hispanic
immigrants living in the WMA based on the reports of the
American Community Survey (ACS) [14]. Statistical analyses
were performed using the Stata statistical software package ver-
sion 15.

RESULTS

A total of 1571 subjects were enrolled, 57 were excluded: 26
because they had received antitrypanosomal treatment and
31 because of missing results in some tests. This analysis in-
cluded 1514 participants, n = 1078 from TcI-predominant, and
436 from TcII/V/VI-predominant areas. Eighty-seven parti-
cipants had previously been tested for Chagas disease (TcI-
predominant = 11 and TcIl/V/VI-predominant = 76) (Table S2).

The evaluation of 4 different LCA showed that the use of 3 la-
tent classes with continuous data of the ELISA tests, categorical
values of the IgG-TESA-blot, CDP, and area of origin better ex-
plains our data (Supplementary Table 3). Because of that and
the hypothesis of >1 type of seropositive reactions possible due

to different T. cruzi DTUs, model 4 was used for subsequent
analyses.

We detected 3 latent classes (LCs) in our model and corres-
ponded to LC1 and LC2 (seropositive classes), and LC3 (sero-
negative class). The distribution of seropositives by country of
origin is shown in Supplementary Table 4. Compared to LC2,
LC1 was characterized by having lower OD values or antibody-
levels (Ab-levels) in both the Hemagen (P < .001) and Wiener
(P < .001). A significantly lower number of positive individ-
uals were detected by the Wiener (P < .001), IgG-TESA-blot
(P = .014), and CDP (P = .002) in samples assigned to LCI.
Individuals assigned to LC1 were also more likely to react to
only the 150-160 kDa band in the IgG-TESA-blot (P < .001)
(Figure 1) and more likely to be from TcI-predominant areas
(P=.003) (Table 1).

The overall weighted seroprevalence was 3.8% (95% confi-
dence interval [CI]: 2.9-5.0%). Specimens assigned to the low
(LC1) and high (LC2) Ab-level latent classes were detected in
both TcI- and TcIl/V/VI-predominant areas. Compared to TcI-
predominant areas, the prevalence of seropositives assigned to
LC1 was higher in participants from TcII/V/VI-predominant
areas (5.2% vs 1.3%). However, the majority of the seropositives
(65% of all seropositives) from Tcl-predominant areas fell
into LC1 (low Ab-level) compared with 22.8% from TcIl/V/
VI-predominant areas (Table 2).

The Wiener and the CDP had lower sensitivities compared
to crude-based assays, but no significant differences in sensitiv-
ities were observed between the 2 areas. The highest sensitivity
was observed for the Hemagen and the IgG-TESA-blot, but the
Hemagen also had a lower specificity. The specificity of all di-
agnostic tests was similar in the 2 geographic areas. Only the
Wiener had a specificity >99%. Significantly lower PPVs were
observed in Tcl-predominant areas because of the lower prev-
alence of the infection and specificities <99.0% for most tests.
The lowest PPV was found for the Hemagen and the CDP. The
best balance between PPV and NPV in Tcl-predominant areas
was observed with the Wiener (Table 3).

Indeterminate results were observed in a higher proportion of
samples using the Hemagen (3.6%, 52/1427) than in the Wiener
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Band patterns observed in the TESA-blot of seropositive individuals. A, A higher proportion of participants in class 1 reacted only to the 150-160 kDa band

(40.0%, 12/30) than participants in latent class 2 (8.0%, 6/75) (P<.001). B, The classical pattern of bands observed in individuals in latent class 2: reaction to the six ladder-
like bands of 130—200 kDa (Shed acute phase antigen bands), and the 150—160 kDa band.
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Table 1. Characteristics of Individuals Without a Previous Diagnosis of Chagas Disease Assigned to Each Latent Class
Seropositive Seronegative
Latent Class 1: Low Latent Class 2: High P-value (Class Latent Class 3: Negatives

Characteristic Ab-levels (n = 28, 1.9%) Ab-levels (n =70, 4.9%) 1 vs Class 2) (n =1329, 93.1%)
Chagatest v.3, Wiener recombinant

Positive, column % (95% Cl) 64.3 (44.1-81.4) 100.0 (94.9-100.0) <.001 .2 (0-.7)

Indeterminate, column % (95% Cl) 17.9 (6.0-36.9) 0.0 (.0-5.1) <.001 .2 (0-.5)

Corrected OD, median (IQR) 0.36 (0.03 to 0.66) 2.17 (1.85 t0 2.71) <.001 —-0.33 (-0.33 to —-0.32)
Hemagen

Positive, column % (95% Cl) 100.0 (87.7-100.0) 100.0 (94.9-100.0) 1.000 5.6 (4.5-7.0)

Indeterminate, column % (95% Cl) 0 (0) 0 (0) 1.000 3.9(2.9-5.1)

Corrected OD, median (IQR) 0.41 (0.28-0.62) 1.47 (1.29-1.66) <.001 -0.14 (-0.21 to -0.09)
IgG-TESA-blot

Positive*, column % (95% Cl) 96.0 (79.6-99.9)° 100.0 (93.0-100.0)° 151 2.4 (1.6-3.7)°

150 to 160 kDa band only, column 417 (22.1-63.4) 9.8(3.3-21.4)° .001 2.4 (15-3.6)°

% (95% ClI)
CDP

Positives, column % (95% Cl) 82.1 (63.1-93.9) 100.0 (94.6-100.0)° <.001 6.2 (5.0-7.7)°
Other characteristics

Subjects from Tcl area, column 35.7 (18.6-55.9) 12.9 (11) .009 78.9 (76.6-81.0)

% (95% Cl)

Corrected OD values correspond to the OD value of the sample minus the cutoff of the plate where the sample was evaluated. For continuous variables, P-values were calculated using the

Kruskal-Wallis test. For categorical variables, P-values were calculated using the X2 test.

Abbreviations: Ab-levels, antibody levels; CDP. Chagas Detect Plus in whole blood; 95% Cl, exact binomial 95% confidence intervals; IgG-TESA-blot, Western blot using the Trypomastigote
excretory-secretory antigen for the detection of immunoglobulin G antibodies; IQR, interquartile range; OD, optical density.

*AlITESA-blot positives had the 150-160 kDa band; not all had SAPA bands visible.
“Only 24 of the 28 samples were evaluated in this group.

°Only 51 of the 70 samples were evaluated in this group.

°Only 930 of 1329 samples were evaluated in this group.

90nly 66 of the 70 samples were evaluated in this group.

°Only 1305 of 1329 samples were evaluated in this group.

(0.5%, 7/1426). Samples with indeterminate results by Wiener
were more likely to be classified as seropositive by the LCA (se-
ropositive: 5/7, 71.4% vs seronegative: 2/7, 28.6%, P < .001),
whereas those with indeterminate results by Hemagen were
more likely to be classified as seronegative (seropositive: 0/52,
0.0% vs seronegative: 52/52, 100%, P < .001).

When compared to seronegative participants, seropositive
individuals in both LCI1 and LC2 had significant risk factors
associated with T. cruzi infection even after adjusting by geo-
graphic area. The strongest risk factor in both LC1 and LC2 was
having ever seen the vector in an endemic area (range adjusted
odds ratio [OR]: 2.19-5.13, P < .05) (Table 4).

DISCUSSION

Through this study, we show the limitations of FDA-cleared
Chagas tests. Deficiencies in both recombinant- and lysate-
based assays were observed. The Hemagen and CDP had a
higher sensitivity in TcI- and TcIl/V/VI-predominant areas, but
a high number of indeterminate and false-positive results were
obtained; this low specificity had a marked impact on PPV in
this low-prevalence population. The Wiener had low sensitivity
in the 2 areas. Our study also shows the presence of 2 types
of seropositives with low and high Ab-levels. The dominance
of seropositive individuals with low Ab-levels among positive
immigrants from Tcl-predominant areas, which are the most

Table 2. Weighted Prevalence of the 2 Latent Classes of Seropositive Individuals Detected in the 2 Geographic Areas

Overall Tcl-predominant Areas Tcll/V/VI-predominant Areas
Latent Class %  95% Cl % Among Positives %  95% CI % Among Positives % 95% ClI % Among Positives
All seropositives (latent class 1and2) 3.8 2.9-5.0 Reference 21 1.3-3.1 Reference 22.8 18.7-276 Reference
Low Ab-levels (latent class 1) 1.6 9-2.6 421 13 724 65.0 5.2 3.3-8.1 22.8
High Ab-levels (latent class 2) 22 16-3.0 579 08  .4-17 40.0 176  14.0-22.0 772

Individuals with a previous diagnosis of Chagas disease were excluded from this calculation.

Weighted prevalence was obtained after assigning weights to participants following the distributions of Hispanic immigrants living in the WMA based on the reports of the American

Community Survey.
Abbreviations: Ab, antibody; 95% ClI, logit 95% confidence interval.
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Table 3. Performance of Each Test in the Diagnosis of Chronic Chagas Disease by Area of Origin in At-risk Individuals Living in the United States

Overall (Prevalence: 3.8%)

Tcl-predominant
(Prevalence: 2.1%)

Tcll/NV/NVI-predominant
(Prevalence: 22.8%)

% (n/N) 95% Cl % (n/N) 95% ClI % (n/N) 95% ClI P-value

Sensitivity

Wiener 94.9 (93/98) 88.6-97.8 94.7 (18/19) 75.4-99.1 94.9 (75/79) 877-98.0 972

Hemagen 100.0 (98/98) 96.2-100.0 100.0 (19/19) 88.6-92.2 100.0 (79/79) 95.4-100.0 1.000

IgG-TESA-blot 100.0 (74/74) 95.1-100.0 100.0 (15/15) 79.6-100.0 100.0 (59/59) 93.9-100.0 1.000

CDP 93.6 (88/94) 86.8-97.0 94.7 (18/19) 75.4-99.1 94.7 (71/75) 87.1-979 .990
Specificity

Wiener 99.6 (1323/1328) 99.1-99.8 99.5 (1043/1048) 98.9-99.8 100.0 (280/280) 98.6-100.0 247

Hemagen 90.4 (1202/1329) 88.7-91.9 90.6 (949/1048) 88.6-92.2 90.0 (253/281) 86.0-93.0 .793

IgG-TESA-blot 98.7 (898/910) 97.7-99.2 99.0 (723/730) 98.0-99.5 97.2 (175/180) 93.7-98.8 .055

CDP 94.7 (1224/1305) 92.4-95.0 93.4 (967/1035) 91.8-94.8 95.2 (257/270) 91.9-97.2 .287
Positive predictive value

Wiener 90.9 83.5-95.1 80.2 60.2-91.6 100.0 95.1-100.0 <.001

Hemagen 29.2 23.7-76.3 178 11.9-25.6 74.8 65.8-82.0 <.001

lgG-TESA-blot 75.0 64.9-82.9 70.1 49.2-85.0 914 82.0-96.1 <.001

CDP 376 30.7-45.1 22.7 16.6-34.5 85.3 76.2-91.3 <.001
Negative predictive value

Wiener 99.9 99.4-99.9 99.9 99.4-100.0 98.5 96.3-99.4 478

Hemagen 100.0 99.6-100.0 100.0 99.6-100.0 100.0 98.5-100.0 1.000

IgG-TESA-blot 100.0 99.6-100.0 100.0 99.5-100.0 100.0 97.9-100.0 175

CDP 99.8 99.3-99.9 99.9 99.4-100.0 98.4 96.0-99.3 <.001

Abbreviations: CDR Chagas Detect Plus. Indeterminate results were considered positives to calculate test accuracy; 95% Cl, exact binomial 95% confidence intervals.

frequent immigrant group in the United States [14], could lead
to a failure to detect a significant number of infections in this
patient population.

Seropositivity with low Ab-levels was not exclusive to Mexico
and Central America. The presence of the 2 types of seropositives
possible due to TcI or TcIl/V/VI infections found in our study
correlate with the distribution of T. cruzi DTU I and Tcll/V/VI

[3]. Tcl is the most widespread DTU across Latin America, in-
cluding the Amazonia (Brazil) and the Andean region (Bolivia
and Peru), whereas TcII/V/VI are predominant in southern
South America [3, 24-26, 29-32]. The prevalence of LC1 was
higher in the Bolivian group than in TcI-predominant areas but
corresponded to only 22.8% of all seropositives from Bolivia.
Our results closely align with the reports of a meta-analysis,

Table 4. Characteristics Associated with T. cruzi Infection in Participants of Each Latent Class in the 2 Geographic Areas

T.cruzi Seropositivity Crude OR Adjusted OR by Area

Characteristic % Positive, n/N % Negative, n/N OR 95% Cl P-value OR 95% ClI P-value
Low antibody levels: Latent class 1

Ever lived in rural area 46.4 (13/28) 40.4 (537/1329) 1.28 .60-2.71 .522 1.90 .87-4.14 107
Ever lived in mud house 60.7 (17/28) 35.8 (476/1329) 2.77 1.29-5.96 .009 2.27 1.04-4.94 .040
Ever seen vector in endemic area 571 (16/28) 25.2 (335/1329) 3.96 1.85-8.44 <.001 2.35 1.05-5.27 .038
Ever bitten by vector in endemic area 17.9 (5/28) 13.1 (174/1329) 1.1 .74-1.67 .602 0.84 .54-1.30 448
Ever lived in an infested house 50.0 (13/26) 22.8 (273/1199) 1.64 1.01-2.66 .048 1.46 .86-2.48 159
Ever heard of Chagas disease 53.6 (15/28) 28.5 (378/1327) 2.90 1.37-6.15 .006 1.15 48-2.77 .756
High antibody levels: Latent class 2

Ever lived in rural area 41.4 (29/70) 40.4 (537/1329) 1.04 .64-1.70 .865 1.94 1.14-3.31 .015
Ever lived in mud house 61.4 (43/70) 35.8 (476/1329) 2.85 1.74-4.68 <.001 2.10 1.24-3.54 .005
Ever seen vector in endemic area 61.4 (43/70) 25.2 (335/1329) 4.73 2.87-7.77 <.001 2.09 1.23-3.57 .007
Ever bitten by vector in endemic area 42.9 (30/70) 13.1 (174/1329) 1.79 1.36-2.35 <.001 1.26 .92-1.71 143
Ever lived in an infested house 57.4 (39/68) 22.8 (273/1199) 1.63 1.19-2.23 .002 1.38 .96-1.99 .083
Ever heard of Chagas disease 75.4 (52/69) 28.5 (378/1327) 768 4.38-13.45 <.001 2.02 1.07-3.82 .029

Abbreviations: 95% Cl, 95% confidence interval. Individuals with a previous diagnosis of Chagas disease were excluded from this evaluation. OR, odds ratio. Area of origin corresponds to

participants from Tcl or Tcll/V/VI areas.
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which found that Tcl and TcV corresponded to 23.2% and
68.2%, respectively, of T. cruzi isolates in human infections in
Bolivia [24].

In the IgG-TESA-blot, individuals with low Ab-levels were
more likely to react to only the 150-160 kDa band without
reaction to any of the 6 SAPA (shed acute phase antigen)
bands, which is different from the typical band-pattern ob-
served in TcIl/V/VI-predominant areas (reaction to SAPA
bands and the 150-160 kDa complex) [22]. The absence
of SAPA bands in the IgG-TESA-blots of patients with low
Ab-levels may indicate low levels of parasitemia, which is a
characteristic of TcI infections [33-35] or may be due to the
low sensitivity of the IgG-TESA-blot due to the low Ab-levels
in these patients.

Cross-reactions with leishmaniasis and other parasites were
not evaluated in this study. Previous studies showed that the
Wiener and the IgG-TESA-blot had high specificity (100%,
0/44) in samples of patients with visceral and cutaneous leish-
maniasis, and T. rangeli [22, 36]. The Hemagen, which is based
on lysate-based antigen, showed cross-reactivity with leishman-
iasis [37], whereas cross-reactivity with leishmaniasis has not
been evaluated for the CDP. In this study, all the seropositives
reacted to either of the specific assays (Wiener and/or IgG-
TESA-blot). Therefore, the probability of having cross-reactions
with other parasites is very low.

Our LCA uses the OD values in the ELISAs, OD values may
be affected by the antibody levels to the antigens use in the
ELISA assays but are less affected by previous assay validations
in specific groups of patients. Categorial results of ELISA tests
(positive, negative, or indeterminate) are obtained using the
OD value of each sample and the cutoff of the assay; the latter
may depend on the population in which the assay has been
previously evaluated. The use of OD values, instead of the cat-
egorical results, in the LCA may decrease the impact of the
use of cutoffs that have been validated only in individuals with
high antibody levels.

The World Health Organization (WHO) recommends
basing the diagnosis of Chagas disease using the results of at
least 2 different tests that apply different antigens or platforms.
Congruent positive results by at least 2 tests confirms the in-
fection. However, this recommendation may have limitations
when 2 tests with low specificity are used. In this study, 0.8%
(10/1329) of the samples reacted only to the Hemagen and CDP
but were classified as negative in the LCA (Supplementary Table
5). Because both tests lack high specificity, we think that most
samples with positive results only to Hemagen and CDP are
likely to be false positives.

The advantages of the CDP include that it is a point-of-
contact assay, can use whole blood or serum, and provides
the results within 20 minutes so that individuals can re-
ceive their initial diagnosis during the first visit. Based on

our experience, individuals who are notified that they have
a positive CDP are more likely to provide accurate con-
tact information and return for follow-up procedures [21].
However, to decrease anxiety, an appropriate explanation of
the result, and the probability of inaccurate diagnosis must
be provided.

The main strength of this study is that we used samples from
Latin Americans living in the United States that were tested in
parallel by at least 3 FDA-cleared tests that are based on dif-
ferent antigens, avoiding the selection of samples with high
levels of antibodies to a specific antigenic repertoire. Reaching
Latin American immigrants through the healthcare system is
a challenge due to legal status, language, and cultural barriers.
Our study prospectively enrolled individuals in different com-
munity centers, increasing the diversity of our participants.
Most studies have been performed using repository samples,
where the characteristics of the samples depend on the initial
tests used for screening.

The main limitations of this study are the small number
of positive samples from Mexico due to the lower preva-
lence of infection in this country. Furthermore, we did
not include other FDA-cleared/approved tests such as the
ORTHO T. cruzi ELISA test system because this test is dif-
ficult to acquire in the United States for population-based
diagnostic testing. We cannot conclude that low Ab-levels
are the result of TcI infections; future genotyping studies
can provide this information. However, molecular testing
during the chronic phase is a challenge because it is char-
acterized by low parasitemia levels. Low Ab-levels in
southern South America could be the result of mild infec-
tions or variations in host antibody response since the main
DTUs found in human infections corresponded to TcII/V/
VI [3, 38]. Although individuals with low Ab-levels had
classic risk factors for T. cruzi infection, we cannot rule out
the possibility of exposure without persistent infection or
previous antiparasitic treatment at an early age. However,
anti-T. cruzi treatment at an early age is not widely distrib-
uted in endemic countries where most of our participants
come from.

More robust and accurate tests are required if only one
test is to be used as a primary screening tool to decrease the
number of indeterminate and false-positive results in this low
prevalence population. Furthermore, immunoassays need to
be adapted to the antigenic repertoire of TcI infections because
most immigrants in the United States are from areas where this
DTU is prevalent [10]. Although attempts have been made to
determine immunodominant TcI antigens [39], this must be a
long-term goal. In the short term, there is a need for improved
logistics and decreased cost of robust diagnostic tests that are
currently FDA-cleared so that they can be used by clinical and
research laboratories.
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