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Background: Screening for Trypanosoma cruzi infection was performed amongst children in a rural
community in the Bolivian Chaco, an area known for high prevalence. The force of infection (FOI) was
estimated.
Methods: A total of 423 children attending the local school were screened using the Chagas Detect Plus
(CDP) rapid test (InBios International, Inc.). CDP-positive specimens were further tested by indirect
haemagglutination assay (IHA) and Wiener Recombinante v3.0 ELISA. A catalytic model was used to
estimate FOI.
Results: Conﬁrmed seroprevalence was 0.22, rising steeply with age. The mean age of seropositive
individuals was 13 years. The calculated speciﬁcity of the rapid test was 91.9%. The annual incidence
estimated from the FOI was 0.021.
Conclusions: This study demonstrates persistent transmission and continuing high levels of T. cruzi
infection in the Bolivian Chaco, and highlights the practicality of school-based screening.
© 2019 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).
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Introduction
The semi-arid lowland of the Gran Chaco, spanning parts of
Bolivia, Paraguay, and Argentina, is reported to have the highest
prevalence of Trypanosoma cruzi infection in the world, due to
well-documented local challenges in triatomine vector control and
surveillance (Gurtler, 2009; World Health Organisation, 2015).
Chronic infection with T. cruzi, the aetiological agent of Chagas
disease, leads to clinically signiﬁcant cardiovascular and gastrointestinal disease in an estimated 30–40% of cases, and treatment
remains challenging (Perez-Molina and Molina, 2018). Untreated,
the infection persists lifelong, and thus prevalence increases with
age, reﬂecting cumulative incidence. Children are often tested as a
sentinel population for recent transmission, with effective vector
control rapidly decreasing seroprevalence in this subpopulation.
Despite this, published childhood seroprevalence data from the
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Bolivian Chaco are limited; to date, few seroscreening studies have
been published, with the most recent reporting a seroprevalence of
19.8% (Samuels et al., 2013). The results of a recent screening
study are reported here, demonstrating persistent high levels of
infection, indicating sustained vector transmission.
Methods
Screening
At the request of the local authorities, screening of school-age
children was performed during July and August 2017 in a village
near Camiri, the capital of Cordillera province in the Bolivian
Chaco. All children attending the local primary and secondary
schools were eligible to participate in the screening, with no age
restriction. Each child’s parent or guardian provided written
informed consent, and verbal assent was obtained from the child.
Children were screened using the Chagas Detect Plus (CDP)
immunochromatographic assay (InBios International, Inc., Seattle, WA, USA). This assay has previously been shown to have
sensitivity of 96.2% and speciﬁcity of 98.8% in a similar population
in the Bolivian Chaco (Shah et al., 2014). Children with positive
CDP results had venous blood drawn and tested by indirect
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haemagglutination assay (IHA) (Chagas Polychaco kit; Lemos
Laboratories, Buenos Aires, Argentina) following national Chagas
disease control protocols. Discordant specimens were further
tested by Wiener Recombinante v3.0 ELISA.
Seropositive individuals were offered benznidazole treatment
in accordance with local governmental protocols. The houses of
infected children were sprayed by the local control programme
before commencement of treatment.
Analysis
Descriptive statistics were generated using IBM SPSS Statistics
version 24.0 (IBM Corp., Armonk, NY, USA). The force of infection
(FOI) was calculated using a catalytic model applied to ageprevalence data (Courtenay et al., 1994).
Ethical approval was granted by the Biomedical and Scientiﬁc
Research Ethics Committee (BSREC) of the University of Warwick.
Figure 1. Comparison of the FOI catalytic model and observed seroprevalence.

Results
A total of 424 children were eligible for screening, and 423 were
tested by CDP using capillary ﬁngerstick blood. The mean age of the
tested children was 11  4.4 years (range 4–21 years); 49.1% were
male. CDP results were positive for 122 individuals. One child with
a positive CDP result refused IHA testing. One child reported a
previous positive result by IHA but tested negative by CDP and was
included in IHA testing. Of the 121 children tested by IHA, 94 had a
positive result: 93 with a positive CDP result plus the previously
IHA-positive CDP-negative student. The 29 sera with discordant
results were all negative by ELISA. These results correspond to CDP
speciﬁcity of 91.9% (exact 95% conﬁdence interval (CI) 88.6–94.5%).
The ﬁnal seroprevalence was 0.22 (95% CI 18.4–26.2; 93/422,
excluding the unconﬁrmed positive CDP result from the analysis).
The mean age of seropositive individuals was 13  3.9 years
(range 5–21 years); 47.3% were male. As expected, prevalence
increased steeply with age (Table 1).
The age-prevalence increased with age, with no apparent
recovery, as shown in Figure 1. The annual incidence estimated
from the FOI was 0.021 (95% CI 0.0128–0.0294).
Discussion
The observed seroprevalence is similar to that described
previously by Samuels et al. in 2013 in a nearby municipality
(age <16 years = 18.9% and 19.8%, respectively). This, coupled with
the high FOI estimate, demonstrates signiﬁcant recent vector
transmission. Although the speciﬁcity of the CDP (91.9%) in this
study was lower than that reported in previous analyses, screening
in this rural village was greatly facilitated by the use of this rapid
test (Eguez et al., 2017; Shah et al., 2014). Pairing a highly sensitive
rapid test with a more speciﬁc conﬁrmatory test allows efﬁcient
screening, even in a challenging community setting. Practicality
was further enhanced by the school-based screening model used,
which provided an accurate record of potential participants
without reliance on census data, and facilitated timely testing.

Table 1
Comparison of seropositive and seronegative individuals by age range.
Age group (years)

Total tested

Positive (%)

4–6
7–10
11–14
15+
Total

89
98
115
120
422

5 (5.6)
22 (22.4)
28 (24.3)
38 (31.7)
93 (22.0)

Poor treatment compliance with the 60-day treatment course
and frequent adverse drug reactions have made screen-and-treat
programmes difﬁcult to justify in a healthcare system with limited
resources. Recent results from the BENDITA phase II trial (Drugs for
Neglected Diseases Initiative, 2019) suggest that shorter courses of
benznidazole may provide equivalent parasitological efﬁcacy to
the current 60-day standard course. If phase III trials conﬁrm these
results, large-scale paediatric screen-and-treat programmes may
become feasible in resource-poor settings. We advocate schoolbased screening with rapid tests as a practical way to achieve this,
at least in communities such as the one investigated in the present
study, where school attendance is high. In communities where a
signiﬁcant proportion of children do not attend school, schoolbased designs may miss high-risk children.
The study results add weight to the current consensus that
signiﬁcant vector transmission persists, and that the current
intermittent vector control practises in the Bolivian Chaco are
suboptimal, but critical to improve.
Funding
This research did not receive any speciﬁc grant from funding
agencies in the public, commercial, or not-for-proﬁt sectors.
Conﬂict of interest
No conﬂict of interest to declare.
Author contributions
CB and OC designed the study protocol; TH, RG, and JM
conducted the ﬁeld work; TH drafted the manuscript; all authors
read and approved the ﬁnal manuscript.
Acknowledgements
The authors would like to thank InBios for the generous
donation of the CDP tests, the village chief for facilitating the study,
the study participants, and the local health centre staff for their
assistance in conducting the testing.
References
Courtenay O, Macdonald DW, Lainson R, Shaw JJ, Dye C. Epidemiology of canine
leishmaniasis: a comparative serological study of dogs and foxes in Amazon
Brazil. Parasitology 1994;109(Pt 3):273–9.

T. Hopkins et al. / International Journal of Infectious Diseases 86 (2019) 175–177
Drugs for Neglected Diseases Initiative. The BENDITA study: a Phase II study to
assess safety, tolerability, and efﬁcacy of different benznidazole regimens, alone
and in combination with fosravuconazole. 2019 Available: https://www.dndi.
org/wp-content/uploads/2019/03/2page_BenditatStudyOverview_ENG.pdf.
[Accessed 15 April 2019].
Eguez KE, Alonso-Padilla J, Teran C, Chipana Z, Garcia W, Torrico F, et al. Rapid
diagnostic tests duo as alternative to conventional serological assays for
conclusive Chagas disease diagnosis. PLoS Negl Trop Dis 2017;11(4)e0005501.
Gurtler RE. Sustainability of vector control strategies in the Gran Chaco Region:
current challenges and possible approaches. Mem Inst Oswaldo Cruz 2009;104
(Suppl. 1):52–9.

177

Perez-Molina JA, Molina I. Chagas disease. Lancet 2018;391(10115):82–94.
Samuels AM, Clark EH, Galdos-Cardenas G, Wiegand RE, Ferruﬁno L, Menacho
S, et al. Epidemiology of and impact of insecticide spraying on Chagas
disease in communities in the Bolivian Chaco. PLoS Negl Trop Dis 2013;7
(8):e2358.
Shah V, Ferruﬁno L, Gilman RH, Ramirez M, Saenza E, Malaga E, et al. Field
evaluation of the InBios Chagas Detect Plus rapid test in serum and whole blood
specimens in Bolivia. Clin Vaccine Immunol 2014;21(12):1645–9.
World Health Organisation. Chagas disease in Latin America: an epidemiological
update based on 2010 estimates. Wkly Epidemiol Rec 2015;90(6):33–43.

