
UCSF
UC San Francisco Previously Published Works

Title
Comparative Performance of Latest-Generation and FDA-Cleared Serology Tests for the 
Diagnosis of Chagas Disease.

Permalink
https://escholarship.org/uc/item/943032nr

Journal
Journal of Clinical Microbiology, 59(6)

ISSN
0095-1137

Authors
Kelly, Emily A
Bulman, Christina A
Gunderson, Emma L
et al.

Publication Date
2021-05-19

DOI
10.1128/jcm.00158-21
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/943032nr
https://escholarship.org/uc/item/943032nr#author
https://escholarship.org
http://www.cdlib.org/


Comparative Performance of Latest-Generation and FDA-
Cleared Serology Tests for the Diagnosis of Chagas Disease

Emily A. Kelly,a Christina A. Bulman,b Emma L. Gunderson,b Amanda M. Irish,c Rebecca L. Townsend,d Judy A. Sakanari,b

Susan L. Stramer,d Caryn Bern,c Jeffrey D. Whitmane

aSchool of Medicine, University of California, San Francisco, San Francisco, California, USA
bDepartment of Pharmaceutical Chemistry, University of California, San Francisco, San Francisco, California, USA
cDepartment of Epidemiology and Biostatistics, University of California, San Francisco, San Francisco, California, USA
dScientific Affairs, American Red Cross, Gaithersburg, Maryland, USA
eDepartment of Laboratory Medicine, University of California, San Francisco, San Francisco, California, USA

ABSTRACT Confirmed diagnosis of chronic Chagas disease (CD) requires positive results
by two different IgG serology tests. Variable sensitivity has been reported among tests and
in different geographic regions. Inadequate specificity presents a particular challenge in
low-prevalence settings such as the United States. This study provides a direct comparison
of the latest-generation IgG serology assays with four previously assessed FDA-cleared tests.
Seven hundred ten blood donor plasma specimens were evaluated by Wiener Lisado and
Wiener v.4.0 enzyme-linked immunosorbent assays (ELISAs) and Abbott PRISM Chagas
chemiluminescent assay (ChLIA). Sensitivity and specificity were assessed relative to infec-
tion status as determined by the original blood donation testing algorithm. All three latest-
generation assays demonstrated 100% specificity (95% confidence interval [CI], 98.6 to
100.0). Wiener Lisado, Wiener v.4.0, and Abbott PRISM had sensitivities of 97.1% (95% CI,
95.1 to 98.4), 98.9% (95% CI, 97.4 to 99.6), and 95.5% (95% CI, 93.2 to 97.3), respectively.
As with previously evaluated FDA-cleared tests, all three assays had the highest reactivity
and sensitivity in samples from donors born in South America and lowest reactivity and
sensitivity in specimens from those born in Mexico, with intermediate results in specimens
from Central American donors. Wiener v.4.0 had the highest diagnostic sensitivity in all
comparisons. Our findings suggest that the latest-generation CD serology tests could
improve diagnostic sensitivity without affecting specificity.

KEYWORDS Chagas disease, Trypanosoma cruzi, serology, clinical diagnostics,
diagnostics

Chagas disease (CD) is responsible for the highest public health burden of any para-
sitic disease in the Americas, with an estimated 6 million people infected and 1.2

million associated cases of cardiomyopathy (1–3). While rare, autochthonous, vector-borne,
transplant, transfusion, and congenital transmissions have been reported in the United
States, most of the estimated 300,000 U.S. residents with CD acquired the disease in Latin
America (4–8). For testing purposes in U.S. populations, birth or residence for greater than
6months in an area of endemicity has been utilized as an easily screened risk factor (9).

Confirmation of chronic Trypanosoma cruzi infection requires concordant positive
results by at least two distinct IgG serological tests; no single assay is considered to
have sufficiently high sensitivity and specificity to be relied on alone (10–15). Because
assays use cultured or recombinant parasite proteins as antigen sources, regional parasite
genetic diversity is hypothesized to affect test performance (16–18). Discordance between
assay results has been reported, especially in populations from Mexico (19).

Four assays have U.S. Food and Drug Administration (FDA) 510(k) clearance for
diagnostic use: Hemagen Chagas’ kit enzyme-linked immunosorbent assay (ELISA)
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(Hemagen Diagnostics, Inc., Columbia, MD), Ortho T. cruzi ELISA test system (Ortho
Clinical Diagnostics, Raritan, NJ), Wiener Chagatest Recombinante v.3.0 ELISA (Wiener
Laboratories, Rosario, Argentina), and InBios Chagas Detect Plus (CDP) rapid test lateral
flow assay (LFA) (InBios International, Inc., Seattle, WA). Ortho ELISA and Abbott PRISM
Chagas chemiluminescent assay (ChLIA) (Abbott Laboratories, Abbott Park, IL) are li-
censed for blood and organ donor screening through a separate FDA approval process
(20, 21). While Ortho ELISA has 510(k) clearance for diagnostic use, it is currently mar-
keted only for blood donor testing.

In a previous study from our group, the four FDA-cleared diagnostic assays showed
a range of performance characteristics (17). All assays exhibited their lowest sensitivity
in samples from donors born in Mexico, who make up the largest proportion of Latin
American immigrants in the United States (17, 22). We extended this analysis to include
two of the latest-generation serology assays from Wiener Laboratories, Chagatest
Recombinante v.4.0 ELISA (Wiener v.4.0) and Chagatest Lisado ELISA (Wiener Lisado),
and the Abbott PRISM assay, currently licensed only for donor screening. This direct
comparison provides novel data on CD diagnostic test performance across diverse
populations living in the United States.

MATERIALS ANDMETHODS
Ethical approval. This research was approved by the American Red Cross (ARC) institutional review

board and was deemed exempt by the Human Research Protection Program at the University of
California, San Francisco (UCSF).

Sample selection and preparation. Blood donor plasma samples were selected from lists of seroposi-
tive and seronegative specimens provided by ARC. From the list of 1,091 seropositive specimens, all specimens
with country-of-birth data available were included; the remainder of 500 seropositive specimens were selected
at random. From the list of 3,938 seronegative specimens, a random sample of 300 specimens, frequency
matched by region of donation to the seropositive specimen set, was selected. Serological status was deter-
mined at the time of blood donation (September 2006 to June 2018) (17, 23). Final infection status was defined
by ARC testing algorithms, which require repeat reactivity by the screening test (Ortho ELISA or Abbott PRISM)
followed by positive results on a confirmatory assay (radioimmunoprecipitation assay or Abbott enzyme strip
assay) (23). Three hundred sixty-eight confirmed positive specimens were initially screened by Ortho ELISA
(September 2006 to August 2011), while 137 specimens were screened positive by Abbott PRISM (starting
September 2011). Matrix effects of blood donor plasma and frozen storage time of specimens in this analysis
were previously reported and deemed to have minimal effect on specimen quality (24). Additional details
regarding specimen selection are available in our previous publication (17).

Plasma samples were initially frozen at220°C within 24 h of collection and then thawed in a temper-
ature-controlled water bath, aliquoted, and refrozen at 220°C under research protocol. Aliquots tested
by Hemagen, Wiener v.3.0, and InBios assays at UCSF were thawed and refrozen only once (March 2019);
those tested by Wiener v.4.0 and Wiener Lisado were thawed and refrozen twice (March 2019 and
December 2019). The Ortho ELISA and Abbott PRISM were thawed and refrozen twice for testing at
Innovative Blood Resources (Minneapolis, MN) and Abbott Laboratories (Abbott Park, IL), respectively.
All specimens run at outside laboratories were tested in a blinded manner.

A total of 800 specimens were thawed and spun at 2,300 relative centrifugal force for 10 min, and 1ml
was aliquoted to randomized positions in 96-deep-well plates. During testing, one randomized sample plate
(n=90) had failed runs by Wiener Lisado and Wiener v.4.0, and there was insufficient reagent to retest; these
specimens were excluded from analysis. The final data set comprised 710 plasma samples.

Serology testing. Specimens were tested and interpreted in accordance with package inserts using
the kit reagents, an ELx405 Select microplate washer (BioTek, Winooski, VT), and a SpectraMax Plus
microplate reader (Molecular Devices, San Jose, CA) with an optical density at 450 nm (OD450). Signal-to-
cutoff ratios (S/CO) were utilized for quantitative analyses and determined by dividing the OD450 readout
by the positive cutoff as described in the package insert. InBios CDP results were scored on a semiquan-
titative scale of 0 to 6, with a score of 1 or greater considered a positive result, as previously described
(17). Deviation from package insert protocols were the use of plasma for Hemagen tests (the manufac-
turer recommends use of serum) and counting tests with indeterminate zones (Hemagen and Wiener
ELISAs) as positive. Indeterminate results were counted as positive because they would require confirm-
atory testing in clinical settings.

Data analysis. Test characteristics were assessed using ARC donor status as the reference.
Sensitivity, specificity, and receiver operating characteristics (ROC) curves were generated for each test
compared to the designated status, and binomial exact confidence intervals were used for all resulting
estimates. Analyses were conducted in STATA 14.2 statistical software.

RESULTS
Specimen characteristics and demographics. Of 710 donor samples analyzed,

448 (63%) were classified as seropositive and 262 (37%) as seronegative by the ARC
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donor algorithm at time of donation (Table 1). Data on region of birth were available
for 252 (56%) seropositive donors, 86 (34%) from Mexico, 77 (31%) from Central
America, and 65 (26%) from South America.

Serology test performance. All three of the latest-generation assays had 100%
specificity (95% confidence interval [CI], 98.6 to 100.0) in this specimen set. Sensitivity
was 95.5% (95% CI, 93.2 to 97.3) for Abbott PRISM, 97.1% (95% CI, 95.1 to 98.4) for Wiener
Lisado, and 98.9% (95% CI, 97.4 to 99.6) for Wiener v.4.0. The four FDA-cleared tests had
specificity estimates from 91.2% to 100% and sensitivity estimates from 87.7% to 97.5% in
this set (Table 2). The area under the curve (AUC) figures derived from ROC analyses showed
the best overall performance for Wiener v.4.0 and Wiener Lisado.

Sensitivity by region of birth. All three latest-generation assays showed similar
patterns to those seen for the FDA-cleared tests in our earlier evaluation, with the high-
est sensitivity in specimens from those born in South America, intermediate for Central
America, and lowest for Mexico (Table 3). Wiener v.4.0 had the highest point estimate
of sensitivity across all regions. As with the FDA-cleared tests (17), S/CO values were
highest in samples from donors of South American origin, intermediate in those from
Central America, and lowest in samples from Mexican-born donors (Fig. 1).

DISCUSSION

The approach to Chagas disease management in the United States has changed markedly
over the last several years (2). Prior to 2018, antitrypanosomal drugs were available only
through the Centers for Disease Control and Prevention (CDC) Drug Service under investiga-
tional protocols (25). CDC provided both serological testing and treatment drugs directly to
physicians, and every drug release required a diagnosis confirmed by a CDC laboratory and
discussion with an epidemiologist with expertise in CD (2). Now, diagnosis of chronic T. cruzi
infection relies primarily on commercial laboratories, with CDC providing confirmatory testing

TABLE 1 Characteristics of blood donors whose specimens were used in the evaluation

Characteristic

No. (%) of donors by Trypanosoma cruzi
infection statusa

Positiveb Negative
Total 448 (100) 262 (100)

Sex
Male 222 (49.5) 109 (42.6)
Female 226 (50.5) 153 (58.4)

Ethnicityc

Hispanic 181 (40.4) 32 (12.2)
Non-Hispanic 15 (3.4) 225 (85.9)
Unknown 252 (56.3) 5 (1.9)

Region of birth
United States 24 (3.4) ND
Mexico 86 (12.1) ND
Central America 77 (17.2) ND
South America 65 (14.5) ND
Unknown 196 (43.8) 262 (100)

Region of blood centerd

California 178 (39.2) 100 (38.2)
West 44 (9.8) 30 (11.5)
Midwest 28 (6.3) 14 (5.3)
Northeast 47 (10.5) 26 (9.9)
Southeast 151 (33.7) 92 (35.1)

aTrypanosoma cruzi infection status as determined by American Red Cross screening and confirmation algorithm
at the time of donation (23). ND, no data available.

bMedian age, 43 years; interquartile range, 33 to 50.5 years.
cBlood donors with positive test results were significantly more likely to report Hispanic ethnicity (P, 0.001).
dSeronegative specimens were frequency matched to seropositive specimens by donation region.
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only if initiated by health care providers. Benznidazole, the first-line treatment for CD (2), was
approved by the FDA in 2018. With approval of nifurtimox in 2020, access to antiparasitic
treatment has shifted fully to the commercial sector. These developments are likely to accel-
erate a transition of CD diagnosis and management into the mainstream of U.S. infectious
diseases practice. However, accurate diagnosis and appropriate treatment depend on under-
standing performance characteristics of serological assays, especially in the low-prevalence
environment of the United States.

Community screening of high-risk populations in the United States generally yields sero-
prevalence in the 1% to 2% range, with higher prevalence in older persons (26). Screening
that targets younger individuals, for example, pre- or postnatal screening of mothers to

TABLE 2 Performance characteristics of latest-generation and FDA-cleared IgG serological
assays compared to Trypanosoma cruzi infection status determined by American Red Cross
screening and confirmation algorithm at the time of donation

Assaya

Among 448 ARC-positive
specimens

Among 262 ARC-negative
specimens

AUC
(% [95% CI])c

No.
positive

Sensitivity
(% [95% CI])b

No.
negative

Specificity
(% [95% CI])b

ELISA
Wiener Lisado 435 97.1 (95.1–98.4) 262 100 (98.6–100.0) 0.99 (0.97–0.99)
Wiener v.4.0 443 98.9 (97.4–99.6) 262 100 (98.6–100.0) 0.99 (0.99–1.00)
Wiener v.3.0 422d 94.2 (94.6–96.2) 261 99.6 (97.9–100.0) 0.97 (0.95–0.98)
Hemagen 393e 87.7 (84.3–90.6) 262 100 (98.6–100.0) 0.94 (0.92–0.95)
Ortho 416 92.9 (90.1–95.1) 262 100 (98.6–100.0) 0.96 (0.95–0.98)

LFA
InBios CDP 437 97.5 (95.6–98.8) 239 91.2 (87.1–94.4) 0.94 (0.92–0.96)

ChLIA
Abbott PRISM 428 95.5 (93.2–97.3) 262 100 (98.6–100.0) 0.98 (0.96–0.99)

aELISA, enzyme-linked immunosorbent assay; LFA, lateral flow assay; ChLIA, chemiluminescent assay.
bBinomial exact 95% confidence interval.
cAUC, area under the curve of receiver operating characteristics.
dData include 5 specimens with indeterminate results. Indeterminate results were classified as positive results for
the purpose of these analyses (see text for explanation).

eData include 9 specimens with indeterminate results.

TABLE 3 Sensitivity of latest-generation and FDA-cleared IgG serological assays compared to
Trypanosoma cruzi infection status determined by American Red Cross screening and
confirmation algorithm at the time of donation, by donor region of birth

Assaya

South America (n=65) Central America (n=77) Mexico (n=86)

No.
pos

Sensitivity
(% [95% CI])b

No.
pos

Sensitivity
(% [95% CI])b

No.
pos

Sensitivity
(5 [95% CI])b

ELISA
Wiener Lisado 65 100 (94.5–100.0) 74 96.1 (89.0–99.1) 80 93.0 (85.4–97.3)
Wiener v.4.0 65 100 (94.5–100.0) 77 100 (95.3–100.0) 85 98.8 (93.7–100.0)
Wiener v.3.0 64 98.5 (91.7–100.0) 74 96.1 (89.0–99.2) 79c 91.9 (83.9–96.6)
Hemagen 60 92.3 (83.0–97.5) 68d 88.3 (79.0–94.5) 71e 82.6 (72.9–89.9)
Ortho 63 96.9 (89.3–99.6) 75 97.4 (90.9–99.7) 74 86.0 (76.9–92.6)

LFA
InBios CDP 64 98.5 (91.7–100.0) 77 100 (95.3–100.0) 84 97.7 (91.9–99.7)

ChLIA
Abbott PRISM 64 98.5 (91.7–100.0) 74 96.1 (89.0–99.2) 78 90.7 (82.5–95.9)

aELISA, enzyme-linked immunosorbent assay; LFA, lateral flow assay; ChLIA, chemiluminescent assay.
bBinomial exact 95% confidence intervals.
cData include 2 specimens with indeterminate results. Indeterminate results were classified as positive results for
the purpose of these analyses (see text for explanation).
dData include 1 specimen with indeterminate results.
eData include 5 specimens with indeterminate results.
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identify infants at risk of congenital CD, results in prevalence figures below 1% (27). In such
low-prevalence settings, the number of false-positive results will inevitably outnumber the
true-positive results unless the clinical specificity of the screening test is higher than 98% to
99%. At the same time, the low sensitivity of many assays in specimens from those infected
in Mexico and, to a lesser extent, Central America, will result in missing true infections (17,
19, 28, 29). Among the FDA-cleared assays, we observed the common trade-off sensitivity
and specificity, with the most sensitive test being the least specific and vice versa (17). The
latest assays, especially Wiener v.4.0, appear to offer a significant advance in performance,
with improved sensitivity and highest specificity.

Like the FDA-cleared Wiener v.3.0, Wiener v.4.0 uses recombinant antigens 1, 2, 13,
30, 36, and secreted acute-phase antigen (SAPA) (30, 31). The major difference
between the two Wiener recombinant assays is the replacement of the v.3.0 polyclonal
conjugate secondary antibody with a monoclonal anti-human IgG antibody in v.4.0.
This improvement appears to have resulted in more-accurate reproducible results.
Wiener Lisado relies on the same kit reagents and secondary antibody as the Wiener
v.4.0 but uses lysate of the Tulahuen T. cruzi strain as the antigen source. This strain
belongs to the TcVI genotype, which is predominant in Argentina, Bolivia, and neigh-
boring countries (32). Nevertheless, Wiener Lisado sensitivity remained reasonably
high in specimens from TcI-predominant Mexico and Central America. Currently, the
Wiener v.4.0 and Wiener Lisado assays are not FDA cleared for use in the United States.

Abbott PRISM is licensed by the FDA for CD screening in blood and organ donors but is
not cleared for diagnostic use through 510(k) submission. Unlike more manual ELISAs,
Abbott PRISM employs a semiautomated chemiluminescent immunoassay, which enables
high-throughput testing. In our analysis, Abbott PRISM demonstrated 95.5% sensitivity, the
median figure among the seven assays evaluated, with no false-positive results. Although
several assays had higher sensitivity in our data, a high-throughput format greatly increases
the capacity for screening at-risk populations. While it is unlikely to be practical to perform
clinical testing on the PRISM platform, the same reagents are currently marketed outside the
United States for use on Abbott Architect instruments, a widely utilized platform for routine
laboratory testing. Successful 510(k) clearance of these reagents could provide a readily
adoptable solution for CD testing across hospital systems and reference laboratories.

FIG 1 Comparison of optical density values for latest-generation IgG serological assays by region of
birth. Wiener Lisado displayed a median S/CO of 6.95 (interquartile range [IQR], 6.05 to 7.38) for samples
of donors born in South America, 4.89 (IQR, 3.96 to 5.65) for samples of donors born in Central America,
and 2.68 (IQR, 2.28 to 3.34) for samples of donors born in Mexico. Wiener v.4.0 displayed a median S/CO
of 5.78 (IQR, 5.43 to 6.72) for samples of donors born in South America, 5.20 (IQR, 4.69 to 6.04) for
samples of donors born in Central America, and 3.67 (IQR, 3.02 to 4.07) for samples of donors born in
Mexico. Abbott PRISM displayed a median S/CO of 8.92 (IQR, 7.64 to 9.71) for samples of donors born in
South America, 7.97 (IQR, 6.71 to 8.59) for samples of donors born in Central America, and 5.09 (IQR,
4.42 to 6.60) for samples of donors born in Mexico. Bar and whiskers represent median with interquartile
range. ns, P $ 0.05; *, P , 0.05; **, P , 0.01; ***, P , 0.001; ****, P , 0.0001.
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As with our earlier evaluation, all three assays examined in this study had highest
sensitivity in samples from donors born in South America, intermediate in those from
Central America, and lowest in those from Mexico (17). This pattern correlates closely
with the regional distributions of reactivity and is hypothesized to result from geo-
graphic differences in the predominant T. cruzi genotypes (17, 29). From central Brazil
southward, the related lineages TcII, TcV, and TcVI predominate, while TcI is the pre-
dominant genotype in northern South America, Central America, and Mexico (32).
However, TcI is highly heterogeneous and may elicit a range of immune responses (18).
These differences may contribute to decreased affinity or lack of antibody response to anti-
gens from heterologous strains (33). Other factors that may affect antibody response could
include levels of parasitemia and host-specific immune responses (34).

To overcome the practical challenge of amassing an adequate set of specimens for multi-
assay evaluations, we used blood donor plasma. However, blood donors tend not to represent
the underlying clinical populations. In the United States, donors tend to be younger and
healthier and are less likely to be Hispanic than the general population (35, 36). The generaliz-
ability of our results could be impaired if age and comorbidities impact immunological
response in CD; however, aside from immunosuppression, this has not been reported in the
literature. Furthermore, two assays included in this analysis (Ortho ELISA and Abbott PRISM)
were used in blood donor screening algorithms, introducing the potential for selection bias.
This was unavoidable given the absence of other sources of robust numbers of seropositive
specimens incorporating the diversity of Latin American populations in the United States.
Specimens from each screening algorithm were included in this analysis as detailed in
Materials and Methods. Additional studies including clinical populations and prospective
evaluation in higher prevalence populations are needed to better approximate real-world
test performance.

Serology assays with simultaneous high sensitivity and specificity hold the potential to
advance CD diagnosis in the United States. Clearance through the FDA 510(k) pathway and
local distribution will be needed to facilitate widespread diagnostic use (37). Lower reactivity
among donors born in Mexico compared to those born in Central and South America was
observed among all assays and remains a challenge for CD diagnostic tests. However, the lat-
est-generation of assays show better overall and regional performance than those currently
cleared by FDA. Our data provide evidence to support their introduction to improve CD diag-
nosis in the United States.

ACKNOWLEDGMENTS
We thank Yagahira Elizabeth Castro-Sesquen for sharing her semiquantitative scale

for scoring InBios test results and InBios International and Wiener Laboratories for
donation of test kits.

This work was supported by the Mundo Sano Foundation. Participation of E.A.K. was
supported by the University of California San Francisco Promoting Research Opportunities
Fully–Prospective Academics Transforming Health (PROF-PATH) Program. C.B. receives partial
salary support from Mundo Sano Foundation. J.D.W. was supported in part by a grant from
the National Heart, Lung, and Blood Institute at the National Institutes of Health under award
number K38HL154203 and the Chan Zuckerberg Biohub Physician-Scientist Fellowship
Program.

The funding sources had no role in the study design, collection, analysis and interpretation
of the data, preparation of the manuscript, or the decision to submit for publication. This
publication’s contents are solely the responsibility of the authors and do not necessarily
represent the official views of their sponsors.

C.B. reports consulting fees from Exeltis in 2018. All other authors report no conflicts
of interest.

REFERENCES
1. Cantey PT, Stramer SL, Townsend RL, Kamel H, Ofafa K, Todd CW, Currier

M, Hand S, Varnado W, Dotson E, Hall C, Jett PL, Montgomery SP. 2012.
The United States Trypanosoma cruzi infection study: evidence for vector-

borne transmission of the parasite that causes Chagas disease among
United States blood donors. Transfusion 52:1922–1930. https://doi.org/10
.1111/j.1537-2995.2012.03581.x.

Kelly et al. Journal of Clinical Microbiology

June 2021 Volume 59 Issue 6 e00158-21 jcm.asm.org 6

https://doi.org/10.1111/j.1537-2995.2012.03581.x
https://doi.org/10.1111/j.1537-2995.2012.03581.x
https://jcm.asm.org


2. Bern C, Messenger LA, Whitman JD, Maguire JH. 2019. Chagas disease in
the United States: a public health approach. Clin Microbiol Rev 33:e00023-19.
https://doi.org/10.1128/CMR.00023-19.

3. World Health Organization. 2015. Chagas disease in Latin America: an
epidemiological update based on 2010 estimates. Wkly Epidemiol Rec
90:33–44.

4. Bern C, Montgomery SP. 2009. An estimate of the burden of Chagas dis-
ease in the United States. Clin Infect Dis 49:e52–e54. https://doi.org/10
.1086/605091.

5. Nunes MCP, Beaton A, Acquatella H, Bern C, Bolger AF, Echeverría LE,
Dutra WO, Gascon J, Morillo CA, Oliveira-Filho J, Ribeiro ALP, Marin-Neto JA,
American Heart Association Rheumatic Fever, Endocarditis and Kawasaki Dis-
ease Committee of the Council on Cardiovascular Disease in the Young, Coun-
cil on Cardiovascular and Stroke Nursing, Stroke Council. 2018. Chagas cardio-
myopathy: an update of current clinical knowledge and management: a
scientific statement from the American Heart Association. Circulation 138:
e169–e209. https://doi.org/10.1161/CIR.0000000000000599.

6. Lynn MK, Bossak BH, Sandifer PA, Watson A, Nolan MS. 2020. Contempo-
rary autochthonous human Chagas disease in the USA. Acta Trop
205:105361. https://doi.org/10.1016/j.actatropica.2020.105361.

7. Voelker R. 2012. Congenital Chagas disease reported in United States.
JAMA 308:443. https://doi.org/10.1001/jama.2012.9468.

8. Cruz-Reyes A, Pickering-López JM. 2006. Chagas disease in Mexico: an
analysis of geographical distribution during the past 76 years–a
review. Mem Inst Oswaldo Cruz 101:345–354. https://doi.org/10.1590/
s0074-02762006000400001.

9. Meymandi S, Hernandez S, Park S, Sanchez DR, Forsyth C. 2018. Treatment
of Chagas disease in the United States. Curr Treat Options Infect Dis
10:373–388. https://doi.org/10.1007/s40506-018-0170-z.

10. Pan American Health Organization. 2019. Guidelines for the diagnosis
and treatment of Chagas disease. PAHO, Washington, DC.

11. Bern C, Montgomery SP, Herwaldt BL, Rassi A, Marin-Neto JA, Dantas RO,
Maguire JH, Acquatella H, Morillo C, Kirchhoff LV, Gilman RH, Reyes PA,
Salvatella R, Moore AC. 2007. Evaluation and treatment of Chagas disease
in the United States: a systematic review. JAMA 298:2171–2181. https://
doi.org/10.1001/jama.298.18.2171.

12. Santos FL, de Souza WV, Barros MS, Nakazawa M, Krieger MA, Gomes YM.
2016. Chronic chagas disease diagnosis: a comparative performance of com-
mercial enzyme immunoassay tests. Am J Trop Med Hyg 94:1034–1039.
https://doi.org/10.4269/ajtmh.15-0820.

13. World Health Organization. 2002. Control of Chagas disease: second report of
theWHO expert committee. World Health Organization, Geneva, Switzerland.

14. Tarleton RL, Reithinger R, Urbina JA, Kitron U, Gürtler RE. 2007. The chal-
lenges of Chagas disease– grim outlook or glimmer of hope. PLoS Med 4:
e332. https://doi.org/10.1371/journal.pmed.0040332.

15. Pereiro AC. 2019. Guidelines for the diagnosis and treatment of Chagas
disease. Lancet 393:1486–1487. https://doi.org/10.1016/S0140-6736(19)30288-0.

16. Mita-Mendoza NK, McMahon E, Kenneson A, Barbachano-Guerrero A,
Beltran-Ayala E, Cueva C, King CA, Lupone CD, Castro-Sesquen YE, Gilman
RH, Endy TP, Stewart-Ibarra AM. 2018. Chagas disease in southern coastal
Ecuador: coinfections with arboviruses and a comparison of serological
assays for Chagas disease diagnosis. Am J Trop Med Hyg 99:1530–1533.
https://doi.org/10.4269/ajtmh.18-0441.

17. Whitman JD, Bulman CA, Gunderson EL, Irish AM, Townsend RL, Stramer
SL, Sakanari JA, Bern C. 2019. Chagas disease serological test performance
in U.S. blood donor specimens. J Clin Microbiol 57:e01217-19. https://doi
.org/10.1128/JCM.01217-19.

18. Verani JR, Seitz A, Gilman RH, LaFuente C, Galdos-Cardenas G, Kawai V, de
LaFuente E, Ferrufino L, Bowman NM, Pinedo-Cancino V, Levy MZ, Steurer
F, Todd CW, Kirchhoff LV, Cabrera L, Verastegui M, Bern C. 2009. Geo-
graphic variation in the sensitivity of recombinant antigen-based rapid
tests for chronic Trypanosoma cruzi infection. Am J Trop Med Hyg
80:410–415. https://doi.org/10.4269/ajtmh.2009.80.410.

19. Guzmán-Gómez D, López-Monteon A, de la Soledad Lagunes-Castro M,
Álvarez-Martínez C, Hernández-Lutzon MJ, Dumonteil E, Ramos-Ligonio
A. 2015. Highly discordant serology against Trypanosoma cruzi in central
Veracruz, Mexico: role of the antigen used for diagnostic. Parasit Vectors
8:466. https://doi.org/10.1186/s13071-015-1072-2.

20. Abbott Laboratories. 2010. ABBOTT PRISM Chagas: Trypanosoma cruzi (E. coli,
recombinant) antigen (package insert). Abbott Laboratories, Chicago, IL.

21. Ortho Clinical Diagnostics Inc. 2009 Trypanosoma cruzi (T. cruzi) whole
cell lysate antigen ORTHO T. cruzi ELISA test system (package insert).
Ortho Clinical Diagnostics Inc., Raritan, NJ.

22. United States Census Bureau. 2011. The foreign-born population in the
United States. https://www.census.gov/newsroom/pdf/cspan_fb_slides.pdf.

23. Dodd RY, Groves JA, Townsend RL, Notari EP, Foster GA, Custer B, Busch
MP, Stramer SL. 2019. Impact of one-time testing for Trypanosoma cruzi
antibodies among blood donors in the United States. Transfusion
59:1016–1023. https://doi.org/10.1111/trf.15118.

24. Whitman JD, Townsend RL, Bern C, Stramer SL. 2020. Evaluation of matrix
effects and prolonged storage on Trypanosoma cruzi serology in blood do-
nor specimens. Transfusion 60:1149–1153. https://doi.org/10.1111/trf.15736.

25. Montgomery SP, Parise ME, Dotson EM, Bialek SR. 2016. What do we
know about Chagas disease in the United States? Am J Trop Med Hyg
95:1225–1227. https://doi.org/10.4269/ajtmh.16-0213.

26. Meymandi SK, Forsyth CJ, Soverow J, Hernandez S, Sanchez D, Montgomery
SP, Traina M. 2017. Prevalence of Chagas disease in the Latin American–born
population of Los Angeles. Clin Infect Dis 64:1182–1188. https://doi.org/10
.1093/cid/cix064.

27. Edwards MS, Rench MA, Todd CW, Czaicki N, Steurer FJ, Bern C, Montgomery
SP. 2015. Perinatal screening for Chagas disease in southern Texas. J Pediat-
ric Infect Dis Soc 4:67–70. https://doi.org/10.1093/jpids/pit056.

28. Caballero ZC, Sousa OE, Marques WP, Saez-Alquezar A, Umezawa ES.
2007. Evaluation of serological tests to identify Trypanosoma cruzi infec-
tion in humans and determine cross-reactivity with Trypanosoma rangeli
and Leishmania spp. Clin Vaccine Immunol 14:1045–1049. https://doi.org/
10.1128/CVI.00127-07.

29. Castro-Sesquen YE, Saldaña A, Patino Nava D, Bayangos T, Paulette Evans D,
DeToy K, Trevino A, Marcus R, Bern C, Gilman RH, Talaat KR, Avila C,
Camacho F, Herrera S, Jimenez A, Lozano V, Malaga E, Merida M, Morales C,
Solis R, Sotomayor F, Tung A, Spector A, Verastegui M, Yang Y, Zapata F, Cha-
gas Working Group in Peru and the U.S. 7 August 2020. Use of a Latent Class
Analysis in the diagnosis of chronic Chagas disease in the Washington Met-
ropolitan area. Clin Infect Dis https://doi.org/10.1093/cid/ciaa1101.

30. Wiener Laboratorios S.A.I.C. 2004. Chagatest ELISA Recombinante v.3.0
(package insert). Wiener Laboratorios S.A.I.C., Rosario, Argentina.

31. Wiener Laboratorios S.A.I.C. 2014. Chagatest ELISA recombinante v.4.0
(package insert). Wiener Laboratorios S.A.I.C., Rosario, Argentina.

32. Zingales B, Miles MA, Campbell DA, Tibayrenc M, Macedo AM, Teixeira
MMG, Schijman AG, Llewellyn MS, Lages-Silva E, Machado CR, Andrade SG,
Sturm NR. 2012. The revised Trypanosoma cruzi subspecific nomenclature:
rationale, epidemiological relevance and research applications. Infect Genet
Evol 12:240–253. https://doi.org/10.1016/j.meegid.2011.12.009.

33. Murphy N, Rooney B, Bhattacharyya T, Triana-Chavez O, Krueger A,
Haslam SM, O'Rourke V, Pa�nczuk M, Tsang J, Bickford-Smith J, Gilman RH,
Tetteh K, Drakeley C, Smales CM, Miles MA. 2020. Glycosylation of Trypa-
nosoma cruzi TcI antigen reveals recognition by chagasic sera. Sci Rep
10:16395. https://doi.org/10.1038/s41598-020-73390-9.

34. Sabino EC, Lee TH, Montalvo L, Nguyen ML, Leiby DA, Carrick DM, Otani
MM, Vinelli E, Wright D, Stramer SL, Busch M, NHLBI Retrovirus Epidemiol-
ogy Donor Study-II (REDS-II) International Program. 2013. Antibody levels
correlate with detection of Trypanosoma cruzi DNA by sensitive polymer-
ase chain reaction assays in seropositive blood donors and possible reso-
lution of infection over time. Transfusion 53:1257–1265. https://doi.org/
10.1111/j.1537-2995.2012.03902.x.

35. Yazer MH, Vassallo R, Delaney M, Germain M, Karafin MS, Sayers M, van de
Watering L, Shaz BH, Biomedical Excellence for Safer Transfusion (BEST)
Collaborative. 2017. Trends in age and red blood cell donation habits
among several racial/ethnic minority groups in the United States. Transfu-
sion 57:1644–1655. https://doi.org/10.1111/trf.14108.

36. Yazer MH, Delaney M, Germain M, Karafin MS, Sayers M, Vassallo R, Ziman
A, Shaz B, Collaborative B, Biomedical Excellence for Safer Transfusion
(BEST) Collaborative. 2017. Trends in US minority red blood cell unit don-
ations. Transfusion 57:1226–1234. https://doi.org/10.1111/trf.14039.

37. U.S. Food and Drug Administration. 2018. 510(k) Clearances. https://www.fda
.gov/medical-devices/device-approvals-denials-and-clearances/510k-clearances.

Serology Test Performance for Chagas Disease Diagnosis Journal of Clinical Microbiology

June 2021 Volume 59 Issue 6 e00158-21 jcm.asm.org 7

https://doi.org/10.1128/CMR.00023-19
https://doi.org/10.1086/605091
https://doi.org/10.1086/605091
https://doi.org/10.1161/CIR.0000000000000599
https://doi.org/10.1016/j.actatropica.2020.105361
https://doi.org/10.1001/jama.2012.9468
https://doi.org/10.1590/s0074-02762006000400001
https://doi.org/10.1590/s0074-02762006000400001
https://doi.org/10.1007/s40506-018-0170-z
https://doi.org/10.1001/jama.298.18.2171
https://doi.org/10.1001/jama.298.18.2171
https://doi.org/10.4269/ajtmh.15-0820
https://doi.org/10.1371/journal.pmed.0040332
https://doi.org/10.1016/S0140-6736(19)30288-0
https://doi.org/10.4269/ajtmh.18-0441
https://doi.org/10.1128/JCM.01217-19
https://doi.org/10.1128/JCM.01217-19
https://doi.org/10.4269/ajtmh.2009.80.410
https://doi.org/10.1186/s13071-015-1072-2
https://www.census.gov/newsroom/pdf/cspan_fb_slides.pdf
https://doi.org/10.1111/trf.15118
https://doi.org/10.1111/trf.15736
https://doi.org/10.4269/ajtmh.16-0213
https://doi.org/10.1093/cid/cix064
https://doi.org/10.1093/cid/cix064
https://doi.org/10.1093/jpids/pit056
https://doi.org/10.1128/CVI.00127-07
https://doi.org/10.1128/CVI.00127-07
https://doi.org/10.1093/cid/ciaa1101
https://doi.org/10.1016/j.meegid.2011.12.009
https://doi.org/10.1038/s41598-020-73390-9
https://doi.org/10.1111/j.1537-2995.2012.03902.x
https://doi.org/10.1111/j.1537-2995.2012.03902.x
https://doi.org/10.1111/trf.14108
https://doi.org/10.1111/trf.14039
https://www.fda.gov/medical-devices/device-approvals-denials-and-clearances/510k-clearances
https://www.fda.gov/medical-devices/device-approvals-denials-and-clearances/510k-clearances
https://jcm.asm.org

	MATERIALS AND METHODS
	Ethical approval.
	Sample selection and preparation.
	Serology testing.
	Data analysis.

	RESULTS
	Specimen characteristics and demographics.
	Serology test performance.
	Sensitivity by region of birth.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES



