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Chronic Chagas disease diagnosis relies on laboratory tests due to its clinical characteristics. The aim of this 
research was to review commercial enzyme-linked immunosorbent assay (ELISA) and polymerase chain reaction 
(PCR) diagnostic test performance. Performance of commercial ELISA or PCR for the diagnosis of chronic Chagas 
disease were systematically searched in PubMed, Scopus, Embase, ISI Web, and LILACS through the bibliography 
from 1980-2014 and by contact with the manufacturers. The risk of bias was assessed with QUADAS-2. Heterogene-
ity was estimated with the I2 statistic. Accuracies provided by the manufacturers usually overestimate the accuracy 
provided by academia. The risk of bias is high in most tests and in most QUADAS dimensions. Heterogeneity is high 
in either sensitivity, specificity, or both. The evidence regarding commercial ELISA and ELISA-rec sensitivity and 
specificity indicates that there is overestimation. The current recommendation to use two simultaneous serological 
tests can be supported by the risk of bias analysis and the amount of heterogeneity but not by the observed accura-
cies. The usefulness of PCR tests are debatable and health care providers should not order them on a routine basis. 
PCR may be used in selected cases due to its potential to detect seronegative subjects.
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Chagas disease is a condition in which the infectious 
agent is a parasite called Trypanosoma cruzi. It is consid-
ered a neglected disease and typically occurs in poor rural 
areas of Latin America. Since 2000, it has progressively 
become of great interest worldwide due to its increasing 
presence in non-Latin American countries (Savioli & 
Daumerie 2008, de Andrade et al. 2011, Tanowitz et al. 
2011). Infected people who travel from Latin America 
have been identified as a source of disease transmission 
through blood transfusion or organ donation in non-Latin 
American countries  (Savioli & Daumerie 2008).

Chronic Chagas disease diagnosis is rather difficult 
to determine due to two basic clinical issues: (i) a high 
prevalence of a clinical form at the chronic phase in which 
there is no target organ findings, the indeterminate form 
(Ribeiro & Rocha 1998, Prata 2001), and (ii) it is a lifelong 
condition where the clinical suspicion may come many 
decades later in infected subjects (Lapa et al. 2012) after 
exposure when physicians often do not identify a history 
of exposure or a history of acute illness signs.

Currently, diagnostic investigations of the chronic 
phase rely on serological tests. There are many recom-
mendations of the number and combinations/algorithms of 
serological tests to conduct diagnostic investigation in the 
chronic phase (Albajar et al. 2005, MS/SVS 2005, OPAS 
2005, Bern et al. 2007, MINSAL 2007, 2008, de Andrade 
et al. 2011, MPPS 2014). However, enzyme-linked immu-
nosorbent assays (ELISA), either conventional or with 
recombinant antigens (ELISA-rec), are often mentioned 
as a preferred test (MINSAL 2007, 2008). Additionally, 
some guidelines mentioned that polymerase chain reac-
tion (PCR), combined either in series or in parallel with 
serological test(s), can be used for chronic Chagas disease 
diagnostic investigation (Albajar et al. 2005, MS/SVS 
2005). Previous systematic reviews of diagnostic tests for 
Chagas disease concluded that these tests were not well 
studied, there was a high heterogeneity in their accura-
cies, and the serological tests’ accuracies are likely over-
estimated (Brasil et al. 2010, Afonso et al. 2012). The lack 
of homogeneity of in-house PCR tests’ protocols have also 
been discussed as a source of heterogeneity of their accu-
racy (Brasil et al. 2010, Schijman et al. 2011).

Therefore, we updated a previous systematic review 
on diagnostic tests for chronic Chagas disease (Brasil et 
al. 2010) and this time focused on commercially available 
tests. The aim of this research was to systematically review, 
explore heterogeneity, and summarise the diagnostic test 
accuracy (sensitivity and specificity) for commercial ELI-
SA tests, commercial ELISA tests with recombinant anti-
gens, and PCR for the diagnosis of chronic Chagas disease 
when compared to two combined serological tests.
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Eligibility criteria
 

The abstracts were eligible for full text evaluation if 
their aims were at least one of the following: (i) to esti-
mate sensitivity or specificity of one or more ELISA or 
PCR tests for chronic Chagas disease, (ii) to estimate the 
accuracy of an ELISA or PCR test for chronic Chagas 
disease, (iii) to test a new ELISA or PCR test for chronic 
Chagas disease, or (iv) to estimate any validity measure 
for ELISA or PCR for chronic Chagas disease such as the 
area under the receiver operating characteristics (ROC) 
curve or predictive values. If abstracts had unclear ob-
jectives but partially met any of the inclusion criteria, 
or had unclear objectives and had any of the validity 
measures (as described above) as a result, they were also 
included for full text retrieval. Abstracts with the follow-
ing characteristics were not included: (i) not conducted 
with human volunteers or with samples from human be-
ings, (ii) an indication that the tests were studied in a 
verification of cure scenario, (iii) the investigations were 
concerning exclusively acute infection or newborns, or 
with mixed data from acute and chronically infected 
patients without the possibility of disaggregation. After 
full text retrieval, the following inclusion criteria were 
applied for quality evaluation and data extraction: (i) the 
investigations should be original (narrative reviews, edi-
torials, or letters without primary data were excluded), 
(ii) they should be quantitative investigations, (iii) ev-
ery investigation must have two samples (1 representing 
those with chronic Chagas disease and another repre-
senting those without chronic Chagas disease), (iv) they 
must have results with enough data to allow extraction 
(or calculation) of true positives, false negatives, false 
positives, and true negatives of each test, and (v) they 
must not involve strictly laboratory validation research.

Only texts published after 1980 were included. Al-
though only abstracts in English, Spanish, or Portuguese 
were obtained, no language restriction was applied to 
the full text evaluation.

Diagnostic studies from Phase 1 to Phase 3 were in-
cluded. Phase 1 studies are case-controls studies where 
the definitions of the cases and controls are not neces-
sarily defined by the same reference. Phase 2 studies are 
case-control studies where the same reference for cases 
and controls are strictly the same and indeterminate sub-
jects are usually discarded. Phase 3 studies are cross-
sectional or diagnostic cohort studies with the consecu-
tive inclusion of subjects in which the suspicion of the 
condition of interest is the main inclusion criteria.

Information sources 

Data from a previous systematic review was used 
(Brasil et al. 2010) and updated. The previous systematic 
review included data from 1980-2009 and the update pe-
riod included data from 2009-May 2014. Nevertheless, 
reviewers filled the new forms with data extracted again 
from all of the full texts from the previous systematic 
review. The main difference in the version of the forms 
was the risk of bias section.

The Brazilian Health Surveillance Agency (ANVISA) 
(the regulatory agency for health products) website was 

visited up to 10 October 2014 to find possible tests of in-
terest for this research. Moreover, authors visited the man-
ufacturer’s website up to 10 October 2014 to find technical 
reports, test brochures, or set of studies’ results from tests 
accuracy data. In addition, the authors tried electronic 
mail contact with manufacturers of the tests registered at 
ANVISA’s website to request this same information.

The authors’ search continued up to 31 March 2014 and 
included the following databases for abstracts of interest: 
PubMed/MEDLINE, Scopus, Embase, LILACS and ISI 
Web. A search of the bibliography of each full text retrieved 
was conducted while the full texts were being evaluated.

Search strategy 

The following search terms were used at Medline/
PubMed: “Chagas Disease” (MeSH) OR “Trypanosoma 
cruzi” (MeSH) AND ELISA OR enzyme AND linked 
AND assay, OR PCR OR polymerase AND chain AND 
reaction, AND sensitive* (Title/Abstract) OR sensitiv-
ity and specificity (MeSH Terms) OR diagnos* (Title/
Abstract) OR diagnosis (MeSH:noexp) OR diagnostic* 
(MeSH:noexp) OR diagnosis, differential (MeSH:noexp) 
OR diagnosis (Subheading:noexp) OR “Reproducibility 
of Results” (MeSH) OR reliability OR reproducibility.

The search strategies used in the remaining databas-
es were adapted from the one above and can be accessed 
at protocol registration at: crd.york.ac.uk/PROSPERO/
display_record.asp?ID=CRD42014005733.

Study records 

The retrieved abstracts were stored in a reference 
manager library. The library was split in two sets. Both 
sets were classified by one of the reviewers/authors and 
the remaining authors classified one set each. The re-
viewers independently tagged each abstract as eligible 
or not eligible, and later the reviewers met and compared 
each of their classifications and solved their discrepan-
cies. For each eligible abstract, the full text was retrieved 
and the same independent classification was conducted. 
For each elected full text, the same process of indepen-
dent evaluation/extraction was conducted with a previ-
ously updated and piloted form.

Data items 

The authors planned to collect data related to the tests, 
samples included in the original investigation, and the in-
vestigation itself including the risk of bias questionnaire.

The data extraction involved collection of informa-
tion related to the investigation, such as whether it was 
a multicentre study (the same protocol being executed in 
different places) and the period of data collection (when 
inclusion of volunteers were involved from start to finish), 
sample characteristics, such as the fraction of children 
(under 18 years old), the sex, mean/median age, minimum 
and maximum age, fraction of volunteers included from 
blood banks donors, fraction of volunteers living in ei-
ther rural or urban areas, and clinical forms (either with 
indeterminate form or with cardiac form). Information 
planned for extraction from each of the ELISA tests were 
tests names and manufacturers, and from each of the PCR 
tests were whether the primers targeted the kinetoplast-
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DNA (k-DNA) minicircles or satellite-DNA (sat-DNA) 
and whether the technique was DNA hybridisation, PCR 
standard qualitative, nested, or quantitative.

It is important to note that the authors planned in 
advance to collect many other data; however, they were 
dropped in the analysis either because there were too 
many fields with an absence of data or they were too 
heterogeneous to compile. In the latter case, they are 
mentioned in the text if appropriate.

Risk of bias of individual reports 

The risk of bias was assessed through a quality assess-
ment tool for diagnostic accuracy studies (QUADAS)-2 
(Whiting et al. 2011). Briefly, this tool is designed to as-
sess the quality of primary diagnostic accuracy studies and 
should be applied in addition to extracting primary data 
for use in the review. The QUADAS-2 tool consists of four 
key domains that discuss patient selection, the index test, 
the reference standard, and the flow of patients through the 
study and timing of the index tests and reference standard.

Risk of bias is judged as “low”, “high”, or “unclear”. 
If the answers to all of the signalling questions for a do-
main are “yes”, then the risk of bias can be judged as low. 
If any signalling question is answered “no”, the potential 
for bias exists. The “unclear” category was used when 
insufficient data are reported to permit a judgement.

Applicability was structured in a way similar to 
that of the bias sections but do not include signalling 
questions. Review authors recorded the information on 
which the judgement of applicability is made and then 
rate their concern that the study does not match the re-
view question.

Outcomes 

The outcomes of interest were the absolute counts 
of (i) true positives, (ii) false negatives, (iii) false posi-
tives, and (iv) true negatives; these counts were (i) the 
amount of subjects with Chagas disease and identified 
by the test as having Chagas disease, (ii) the amount of 
subjects with Chagas disease and identified by the test 
as not having Chagas disease, (ii) the amount of subjects 
without Chagas disease identified by the test as having 
Chagas disease, and (iv) the amount of subjects without 
Chagas disease and identified by the test as not having 
Chagas disease. From these counts, it was possible to 
estimate by different methods the sensitivity (the frac-
tion of subjects correctly identified with the condition) 
and specificity (the fraction of subjects correctly identi-
fied without the condition). These measures, along with 
the area under the summary ROC curve (SROC) by the 
bivariate method, were the outcomes of interest.

The authors also planned to collect data concerning 
the reliability of the tests. However, due to the absence of 
data, this outcome was dropped from the analysis.

Tests of interest 

Index tests - The first index test is a commercial ELI-
SA for the diagnosis of Chagas disease or ELISA-rec.

The second index test is based on molecular technol-
ogy, PCR, and its variations, such as commercial or in-
house tests, qualitative or quantitative, and with k-DNA 

or sat-DNA amplification. However, groups of inter-
est were formed as suggested by Schijman et al. (2011) 
where four different methodologies were suggested to 
improve PCR performance in an international study.

These methodologies are as follows: (M1) DNA ex-
traction from blood in ethylenediamine tetraacetic acid 
(EDTA)-guanidine with phenol-chloroform and amplifi-
cation of sat-DNA using a quantitative PCR, (M2) DNA 
extraction from blood in EDTA-guanidine with phenol-
chloroform and amplification of sat-DNA using conven-
tional qualitative PCR, (M3) DNA extraction from blood 
in EDTA-guanidine using commercial extraction kits with 
glass columns and amplification of sat-DNA with quantita-
tive PCR, and (M4) DNA extraction from blood in EDTA-
guanidine with phenol-chloroform and amplification of 
k-DNA (121-122 primers) with hot-start PCR. Finally, and 
additional group was formed from commercial PCR tests.

Comparator(s)/control 

The desired comparator is the Chagas disease diag-
nosis as recommended by the Brazilian consensus in 
which two serological tests of different methodology are 
conducted in parallel. However, as no reference stan-
dard for Chagas disease diagnostic research is widely 
accepted, research with other reference tests were also 
included such as latent class analysis. If comparisons 
were made with more than two serological tests or with 
parasitological tests, and data using two simultaneous 
serological tests as reference standard was available as 
well, the latter was preferred instead.

Data analysis plan 

Data synthesis was conducted in each subgroup of 
interest and was the combination of the trademark and 
the test name in the case of the ELISA tests. For PCR 
tests, the groups of interest were whether the tests were 
commercial or in-house and the variations of PCR pro-
cedures. Heterogeneity was explored in and between 
these groups with the I2 and the Cochrane Q test for both 
sensitivity and specificity (Fig. 1). For all of the groups 
of trademark and test name with four or more studies, a 
threshold effect was also explored as a source of heter-
ogeneity. The threshold effect is as a correlation of the 
test sensitivity and the false positive rate. If a threshold 
effect is present, a change in test accuracy from different 
studies is likely to be from differences in the decision 
thresholds used in each study.

An I2 up to 25% was considered low evidence of het-
erogeneity, 50% or higher was considered high evidence 
of heterogeneity, and between 25-50% was considered 
moderate evidence of heterogeneity. A p-value of the Q 
test lower then 0.10 was also considered evidence of het-
erogeneity. If there was a conflict of heterogeneity inter-
pretation according to these two tests, the I2 statistic was 
considered to be more appropriate. If heterogeneity is 
high, then one must understand that the pooled summary 
estimate lacks interpretation.

The authors planned to make the sensitivity (sub-
groups) analysis according to the sample, tests, and risk 
of the bias groups; however, the subgroups were often 
too small to conduct this analysis or small enough to 
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likely mislead the interpretation of the results. The sensi-
tivity and specificity were summarised using two strate-
gies. In the first one, we used a bivariate model proposed 
by Reitsma (2005) (defined as a linear mixed model with 
known variances of the random effects). The Cochrane Di-
agnostic Test Accuracy systematic review group currently 
recommends this method as the standard approach. Some 
of its characteristics are considered advantageous: it fits 
the pair of sensitivity and specificity simultaneously, it re-
turns conservative estimates in the presence of heteroge-
neity, as correlation is one of its parameters, the presence 
of the threshold effect reduces the confidence interval, and 
it allows estimation the SROC; however, it was conduct-
ed only in the groups with at least four or more studies. 
Similar to other regression methods, it has limitations, 
may not converge, and may mislead interpretation due to 
convergence problems, especially in small datasets. As an 
alternative, we used the DerSimonian & Laird random ef-
fect (D&L) with a logit transformation (and back-transfor-
mation) and the inverse variance method to estimate study 

weights (as the 2nd method) with all of the groups of inter-
est. All of the analyses were conducted with the R-project 
statistical package (R Core Team 2015) with libraries meta 
(Schwarzer 2015) and mada (Doebler 2015).

Study selection 

On the ANVISA website, the authors found 30 re-
cords of ELISA tests and no records of commercial PCR 
tests. Visiting the manufacturers’ websites and by re-
questing information through their website contact or by 
phone, we were unable to obtain a return of any tech-
nical report during the update period. Nevertheless, the 
authors looked for possible data of interest in the tests’ 
technical descriptions and the technical recommenda-
tions regarding their use. The majority of these 30 tests 
did not have any information available regarding the test 
performance on their websites.

After removing the replicates from the remote bib-
liographic database strategy, the authors found 1,532 ab-
stracts including the original and the update period (Fig. 
1). After including those found through the bibliography 
search and removing those that did not meet the inclu-
sion criteria or those that met the exclusion criteria, 59 
original reports remained for data extraction. As some 
investigations had data regarding two or more tests, the 
number of reports, tests, and data to analyse will not 
match the number of reports included in the review. Data 
concerning commercial ELISA were extracted from 28 
reports (Lorca et al. 1992, Pan et al. 1992, Carvalho et 
al. 1993, Teixeira et al. 1994, Hamerschlak et al. 1997, 
Oelemann et al. 1998, Houghton et al. 1999, Leiby et 
al. 2000, Ferreira et al. 2001, Gadelha et al. 2003, Ar-
rieta et al. 2004, Enciso et al. 2004, Moretti et al. 2004, 
Pirard et al. 2005, Duarte et al. 2006, Kirchhoff et al. 
2006, Malan et al. 2006, Caballero et al. 2007, Tobler et 
al. 2007, Gorlin et al. 2008, Otani et al. 2009, Remesar 
et al. 2009, Añez et al. 2010, Flores-Chávez et al. 2010, 
Barfield et al. 2011, De Marchi et al. 2011, Pereira et al. 
2012, Araújo & Berne 2013) (Fig. 1) including 26 dif-
ferent combinations of trademarks and test names. Data 
from 12 commercial ELISA-rec reports were extracted 
(Pastini et al. 1994, Gomes et al. 2001, Gadelha et al. 
2003, Pirard et al. 2005, Blejer 2006, Chang et al. 2006, 
Caballero et al. 2007, Ramírez et al. 2009, Remesar et al. 
2009, Villagrán et al. 2009, Añez et al. 2010, Pereira et al. 
2012, Souza et al. 2012) (Fig. 1), including eight differ-
ent combinations of trademarks and test names. Finally, 
data concerning PCR were extracted from 24 reports 
(Avila et al. 1993, Wincker et al. 1994, 1997, Britto et al. 
1995, Espinoza et al. 1996, Junqueira et al. 1996, Car-
riazo et al. 1998, Chiaramonte et al. 1999, Gomes et al. 
1999, Ribeiro-dos-Santos et al. 1999, Castro et al. 2002, 
Gutierrez et al. 2004, Duarte et al. 2006, Gil et al. 2007, 
Piron et al. 2007, Fitzwater et al. 2008, Deborggraeve et 
al. 2009, Ferrer et al. 2009, 2013, Ramírez et al. 2009, 
Batista et al. 2010, Gilber et al. 2013, Sabino et al. 2013), 
but only one commercial test was found (Deborggraeve 
et al. 2009, De Winne et al. 2014). However, the original 
authors modified the commercial version in two of the 
studies for research purposes (De Winne et al. 2014).

Fig. 1: flowchart of abstracts and full texts evaluation and analysis 
plan. In each group of reposts, tests, and data to analyse will not 
match the number of reports included as some investigations have 
data regarding two or more tests in one or more groups. ELISA: en-
zyme-linked immunosorbent assay; PCR: polymerase chain reaction; 
QUADAS: quality assessment tool for diagnostic accuracy studies.
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Descriptive results 

Argentina and Brazil were the countries where most 
of the studies of serological tests were conducted (Tables 
I, II). Most of the studies with PCR tests were also con-
ducted in these two countries and in Colombia, Bolivia, 
and Venezuela (Table III). Very few multicentre investi-
gations were found, and considering the amount of ab-
sent information, it was often very hard to know whether 
the same investigation protocol was applied or just sam-
ples from different sources were analysed together. It 
became clear that the sample description of most of the 
studies lacked data. The vast majority of the information 
that was planned to be collected was absent in 60% or 
more of the reports. Eight (28.6%) of the ELISA reports 
(Table I), three (25%) of the ELISA-rec studies (Table 
II), and five (20.8%) of the PCR reports do not have any 
information regarding the sample description (Table III).

The authors planned to collect data regarding the se-
rological tests’ antigens, whether the antigens were puri-
fied or not, recommended decision threshold, and how 
the decision thresholds were estimated, but the tests’ 
descriptions were often so poor that the desired informa-
tion was not available. When looking for accuracy data 
on the manufacturers’ websites, the authors were some-
times able to read the instructions to conduct the tests. 
When that was the case, the serology decision threshold 
was always dependent of internal controls and formu-
las such as “the arithmetic mean of negative and posi-
tive controls” are frequent. This indicates that each time 
someone runs the test, a new decision threshold may 
arise and its basis is solely on analytic information.

The reference standard was also highly heteroge-
neous among all of the studies. Twenty-one percent of 
all of the investigations did not even apply the same ref-
erence standard to classify those with and without Cha-
gas disease. Only 22% of the studies applied a reference 
standard similar to the Brazilian consensus in which two 
serological tests must be either positive or negative, and 
3.5% used latent class analysis. The remaining studies 
applied reference standards such as one serological test 
(21%), two positives out of three tests (21%), ignored 
(14%) and unusual combinations of different serologi-
cal tests (e.g., western blot, haemagglutination, and two 
ELISAs), and combinations of serological tests with 
parasitological tests or partial verification of the sample.

Risk of bias assessment 

The risk of bias assessment made through the QUA-
DAS-2 tool is shown in Fig. 2. No more than 30% of 
studies were classified as “low risk” of bias in any of the 
evaluated dimensions or in any of the three tests. In the 
“patient selection” dimension, the majority of the studies 
were classified as having a high risk of bias. This occurred 
because most of the selected volunteers/samples were a 
case mix of unexposed to Chagas disease or samples from 
patients with other diseases where the suspicion of Cha-
gas disease was unlikely. The remaining assessment of 
the risk of bias, “flow and timing”, “reference standard”, 
and “index tests” had the majority of studies classified as 
“unclear”. Again, this is an indicator of the amount of the 
absence of data and did not permit the authors to conduct 
appropriate classification for review purposes.St
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The risk of bias results given the concerns about ap-
plicability is a little different from the risk of bias re-
sults from the research design/conduction. The majority 
of the reports of ELISA and the PCR tests were classi-
fied as “low risk” in the index test dimension. Again, the 
majority of the studies were classified as “unclear risk” 
concerning the applicability in the “reference standard”, 
and “patient selection” topics in all three serological and 
molecular tests (Fig. 2).

Looking at the individual reports’ classifications about 
their risk of bias for the ELISA (Fig. 3), ELISA-rec (Fig. 4), 
and PCR (Table IV), it is observed that the number of clas-
sifications of “low risk” within each study is heterogeneous 
and ranges from 0-5 in the ELISA and ELISA-rec reports 
and from 1-7 in the PCR reports. The majority of ELISA 
(Fig. 3) and ELISA-rec (Fig. 4) studies do not have more 
than two topics assessed as “low risk” of bias, whereas 
in the PCR studies, the majority have no more than three 
topics assessed as “low risk”. Only one PCR study had all 
seven topics assessed as “low risk” of bias (Fig. 5).

Studies classified as development Phase 3 or later 
are considered the most suitable to give results for deci-
sion making because they are those which most resemble 
clinical practice (Haynes & You 2009); however, few 
studies were classified as development Phase 3 in this 
review. Only three ELISA studies, five ELISA-rec stud-
ies, and one PCR study were classified as Phase 3.

Heterogeneity and summary estimates 

With very few exceptions, the ELISAs’ sensitivity and 
specificity point estimates are above 90% in all of the stud-
ies (Supplementary Figure 1), and this occurs with ELI-
SA-rec (Supplementary Figure 2) as well. This finding is 
compatible with the sensitivity and specificity point esti-
mate provided by the manufacturers, although, in most cas-
es, the manufacturers clearly provided higher accuracy esti-
mates than the academic studies (Table V). What stands out 
is that 56% of the manufacturers do not explicitly provide 
accuracy information regarding commercial tests on their 
websites or in the test documentation (Table V), and for the 
tests where the information is available, there is neither an 
estimate of confidence intervals nor information on how 
they reached the accuracy results. Only rarely do manufac-
turers provide a bibliography for further reading on their 
website, which may contain some information about study 
design, conducting the study, and the accuracy results.

Again, one must understand that the excess of het-
erogeneity turns the summary estimate into a noninter-
pretable status, although this excess may be accounted 
for in a bivariate model approach if the threshold effect 
is present. Overall, the evidence of heterogeneity was 
high except in the Research Institute for Health Sciences 
(IICS) of the National University of Asunción - Chagas 
Test ELISA, and the Bio-Manguinhos enzyme immuno-

Fig. 2: risk of bias assessment by topic regarding study design/conducting and test applicability. ELISA: enzyme-linked immunosorbent assay; 
PCR: polymerase chain reaction.
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Fig. 3: quality assessment tool for diagnostic accuracy studies risk of 
bias of individual studies of enzyme-linked immunosorbent assay tests.

TABLE IV
Summary estimates from bivariate model of different  

polymerase chain reaction (PCR) methodologies  
studied at least four times

Test Measure Estimate 95% CI.lb 95% CI.ub

M4 Sensitivity 0.457 0.091 0.877
Specificity 0.958 0.858 0.989
AUC SROC 0.94 - -

Threshold effect 0.342 -0.554 0.871
None Sensitivity 0.654 0.493 0.786

Specificity 0.972 0.914 0.991
AUC SROC 0.919 - -

Threshold effect 0.373 -0.036 0.675

accuracies without significant threshold effect are not inter-
pretable. AUC SROC: area under the summary receiver op-
erating characteristic curve; CI.lb: confidence interval lower 
bound; CI.ub: confidence interval upper bound; M4: DNA ex-
traction from blood in ethylenediamine tetraacetic acid-gua-
nidine with phenol-chloroform, amplification of kinetoplast-
DNA (121-122 primers) with hot-start PCR; none: none of the 
improvements propose by Schijman.

assay (EIA) Recombinant studies, where there is a low 
evidence of heterogeneity in both sensitivity and spec-
ificity. D&L pools the sensitivity and specificity sepa-
rately; therefore, it is possible to detect different levels of 
heterogeneity in sensitivity and specificity in the same 
test. This is the case of the bioMérieux - BioElisacruzi, 
Lemos - BIOZIMA CHAGAS ELISA, and Biokit - BI-
OELISA CHAGAS tests, where there is low evidence 
of heterogeneity in sensitivity and high evidence of het-
erogeneity in specificity. This also happened with the 
Lemos - Chagatek, and Wiener - CHAGAS TEST tests, 
in which there is moderate evidence of heterogeneity in 
sensitivity and high evidence of heterogeneity in speci-
ficity. Either there was a high evidence of heterogeneity 
in both sensitivity and specificity in the remaining tests 
or they were studied just once, in which case it was not 
possible to estimate heterogeneity.

Only two ELISA-rec tests were studied at least twice to 
allow the heterogeneity estimates (Supplementary Figure 
2). The Bio-Manguinhos EIA Recombinant was studied 
twice and the evidence of heterogeneity in both sensitivity 
and specificity was low. The Wiener CHAGAS TEST re-
combinant was studied seven times and evidence of hetero-
geneity was high in both sensitivity and specificity.

For where the evidence of heterogeneity was low 
(i.e., the Bio-Manguinhos EIA Recombinant and IICS of 
National University of Asunción - Chagas Test ELISA), 
the summary sensitivity was 0.98 and 0.97, and the sum-
mary specificity was 1.00 and 0.99, respectively (Sup-
plementary Figures 1, 2). The remaining D&L summary 
estimates of the ELISA tests (Supplementary Figure 1) 
and ELISA-rec tests (Supplementary Figure 2) have lim-
ited interpretation due to their heterogeneity.

The Abbott Laboratories - ABBOTT CHAGAS 
ELISA, Gull - ELISA, and Lemos - Chagatek tests had 
almost identical summary pooled estimate results by 
bivariate and D&L models; however, a threshold effect 
was detected. The bivariate model summary estimate 
(Table VI) showed a slightly lower accuracy than the 
D&L estimate with narrower confidence intervals. In 
this case, they were considered more appropriate and 
result in interpretable summary estimates. In addition, 
the presence of the threshold effect turns the area under 
the ROC curve into an attractive accuracy measure for 
performance interpretation.

The Ortho-Clinical Diagnostics - T. cruzi ELISA, 
Lemos - BIOZIMA CHAGAS ELISA, bioMérieux - BioE-
lisacruzi, BiosChile - Test ELISA Chagas, Wiener - CHA-
GASTEST, and Wiener - CHAGASTEST recombinant 
tests had different evidence of heterogeneity in sensitivity 
and specificity, and no threshold effect was detected. The 
pooled summary estimates of both models are almost iden-
tical; thus, neither the area under the SROC curve nor the 
sensitivity and specificity estimates were considered inter-
pretable. The three tests with four or more studies that are 
not in Supplementary Figure 1 or Table VI (i.e., the Embra-
bio - HEMOBIO CHAGAS, Lemos - BIOZIMA CHAGAS 
ELISA, and Wiener - CHAGASTEST test) did not converge 
in the bivariate model and are not presented on purpose.

It was expected that the PCR results would be much 
more heterogeneous than the serology studies’ results. The 
authors were able to find only two reports with a commer-
cial version of PCR, and the authors modified the test in 
one of them. Although in this review the PCR tests were 
grouped according to the specific group of methods pre-
viously suggested for PCR improvement, the authors are 
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Fig. 4: quality assessment tool for diagnostic accuracy studies risk 
of bias of individual studies of enzyme-linked immunosorbent assay 
tests with recombinant antigens.

Fig. 5: quality assessment tool for diagnostic accuracy studies risk of 
bias of individual studies of polymerase chain reaction tests.

aware that there is no identical PCR test protocol among 
all of the reports found. Once more, the bivariate model 
(Table IV) returns similar summary statistics when com-
pared to the D&L model (Supplementary Figure 3, Table 
IV). Both summary pooled estimates are not interpretable 
due the amount of heterogeneity and the differences of 

protocols (Supplementary Figure 3). Similar to the sero-
logical studies, the summary estimates by the bivariate 
model (Table IV) are also difficult to interpret.

The main results of this research are: (i) the lack of 
information regarding all dimensions is significantly 
high including study sample description, heterogeneous 
reference standards and the tests’ key issues (e.g., the 
decision thresholds and antigens used), (ii) the fraction 
of “low risk” of bias is low in almost all of the dimen-
sion groups in the risk of bias assessment and only one 
PCR study was classified as low risk of bias in all of 
the dimensions, (iii) there was evidence of moderate or 
high heterogeneity in most cases of the serological tests, 
but in two tests a threshold effect was evident, and (iv) 
heterogeneity was even more evident in the PCR studies. 
This amount of heterogeneity in the PCR tests was ex-
pected because there are no identical protocols and only 
one commercial test was found.

In practice, there are several differences in clinical 
and pre-clinical diagnostic test validation phases. These 
phases are also known as “laboratory validation” and 
“clinical validation”. Didactically, the latter is divided 
into three-five phases, similar to clinical trials (Haynes 
& You 2009). These phases of the clinical validation 
refer to an increasing maturation of the results to a 
straightforward clinical interpretation. Usually, there is 
an overestimation of the test accuracy in the early phases 
(Haynes & You 2009).

Similar to the period of the first review (1980-2009), 
in the update period, basic science (parasitology and im-
munology) journals and their authors were the most prev-
alent. This could be a good explanation for the amount 
of missing data regarding clinical sample description 
and study design, as the research in these basic areas is 
more concerned with the tests themselves and less likely 
to manage clinical research design, conduction, and in-
terpretation. Nevertheless, data from the update period 
(from 2009-2014) showed a clearly increasing awareness 
in academia regarding differences of clinical and labo-
ratory validation and laboratory researchers seem to be 
increasingly devoting more efforts to strictly laboratory 
validation (Schijman et al. 2011).

Key issues for clinical decision making, such as the 
definition of reference standards and decision thresh-
olds, are usually defined in analytical ways; therefore, 
there is less practical and difficult to interpret scenarios 
from the clinical point of view. There is evidence that 
using a reference standard similar to the index test, 
will overestimate the index test accuracy (Lijmer et al. 
1999, Rutjes et al. 2006), which probably occurs with the 
ELISA studies. Similarly, using an imperfect reference 
standard that poorly classifies the subjects without the 
target condition will underestimate the index test speci-
ficity, which probably occurs in some the PCR studies. 
In addition, there is evidence of an overestimation of test 
accuracy when the decision threshold is estimated with 
the data where accuracy is also estimated (Whiting et al. 
2011). This review shows evidence that the importance 
of decision thresholds is still neglected in this field.
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TABLE VI
Summary estimates from bivariate model of enzyme-linked immunosorbent assay tests studied at least four times

Manufacturer/test Measure Estimate 95% CI.lb 95% CI.ub

Abbott Laboratories/
Abbott Chagas Elisa

Sensitivity 0.95 0.931 0.964

Specificity 0.985 0.963 0.994
AUC SROC 0.971 - -

Threshold effect 0.732a 0.056 0.948
bioMérieux SA/
BioELISAcruzi

Sensitivity 0.99 0.976 0.995

Specificity 0.961 0.898 0.986
AUC SROC 0.987 - -

Threshold effect 0.231 -0.715 0.878
BiosChile/
Test ELISA Chagas

Sensitivity 0.977 0.902 0.995

Specificity 0.987 0.908 0.998
AUC SROC 0.988 - -

Threshold effect 0.444 -0.721 0.953
Gull Laboratories Inc/
ELISA

Sensitivity 0.966 0.88 0.991

Specificity 0.935 0.785 0.983
AUC SROC 0.981 - -

Threshold effect -0.986a -0.999 -0.793
Laboratório Lemos SRL/
Chagatek

Sensitivity 0.986 0.965 0.994

Specificity 0.922 0.757 0.978
AUC SROC 0.984 - -

Threshold effect -0.857 -0.978 -0.292
Orgenics Ltd/
ImmunoComb® II Chagas Ab Kit

Sensitivity 0.991 0.955 0.998

Specificity 0.975 0.948 0.988
AUC SROC 0.989 - -

Threshold effect -0.412 -0.845 0.348
Ortho-Clinical Diagnostics Inc/
T. cruzi ELISA

Sensitivity 0.992 0.949 0.999

Specificity 0.991 0.913 0.999
AUC SROC 0.989 - -

Threshold effect 0.454 -0.715 0.954
Wiener Laboratórios/
Chagastest recombinante

Sensitivity 0.937 0.877 0.969

Specificity 0.99 0.976 0.996
AUC SROC 0.987 - -

Threshold effect 0.505 -0.4 0.911

a: significant threshold effect. Accuracies without significant threshold effect are not interpretable; AUC SROC: area under the 
summary receiver operating characteristic curve; CI.lb: confidence interval lower bound; CI.ub: confidence interval upper bound. 

Diagnostic test development and validation are influ-
enced by regulatory agency legislation. Usually, the regu-
lations to register and commercialise diagnostic tests are 
less restricted than those for medicines, vaccines, or inva-
sive devices, which is probably due to safety issues (Hin-
man et al. 2006). For example, the current ANVISA reg-
ulation states that diagnostic tests or devices conducted 
in biological samples in artificial containers (outside the 

patient) do not need a technical report with efficacy/accu-
racy or safety estimates for registration. There is evidence 
that research investments for development of diagnostic 
tests are limited in relation to drug development due to 
the characteristics of its life cycle. A test/platform devel-
opment and validation frequently involves the need of pe-
riodic improvements and often it is considered a higher 
risk product for industry compared to medicines (Hinman 
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et al. 2006). The available tests on the market are likely 
to have questionable and overestimated accuracies when 
required improvements are not conducted.

Unfortunately, the risk of bias assessment showed 
a bias susceptibility mainly in the patient selection di-
mension. Nevertheless, the risk is either unknown or 
high in almost every dimension. The bias may be in any 
magnitude and in both directions, and it seems to be a 
common issue in diagnostic test investigations and di-
agnostic tests’ accuracy reviews (Leeflang et al. 2007). 
However, there is evidence supporting that the presence 
of bias leads to tests’ accuracies overestimation (Lijmer 
et al. 1999), which converges with the reasoning of over-
estimated accuracies discussed above. To reduce the risk 
of bias in diagnostic test research, future research should 
focus attention on conducting and reporting on the fol-
lowing topics: research should be conducted at clinical 
settings where patients are included consecutively and 
their main inclusion criteria should be chronic Chagas 
disease suspicion. In addition, the index test and refer-
ence test must be conducted independently and blind-
ed to each other. Their description should be detailed 
enough to allow others to reproduce the methods. Usu-
ally, these topics characterise and are more often present 
for Phase 3 diagnostic test research.

Heterogeneity is defined as a variation of the study 
results beyond random occurrence (Egger et al. 2001). It 
may be due to sample, design, how the study was con-
ducted, and reporting differences. It was stated before 
that heterogeneity is a rule in systematic reviews of diag-
nostic tests’ accuracies (Buntinx et al. 2009); neverthe-
less, it is not always possible to identify heterogeneity 
sources with subgroup analysis. For the same reason, the 
bivariate model has been recommended as one analysis 
approach to work around this issue.

A particular source of heterogeneity in diagnostic 
test research is the threshold effect. Different observed 
accuracies of the same test may be determined by the 
use of different decision thresholds. It is likely that in 
many cases in this review, the determined heterogeneity 
is a mix of bias and the threshold effect, as the ELISA 
tests thresholds are estimated using internal controls by 
a variety of criteria, and its values may vary from run 
to run and even in the same test. As the original stud-
ies are using different thresholds, it is very hard to tie 
the summary estimates to a particular threshold, even 
if threshold effect is detected and the estimated sum-
mary accuracy considers it. Therefore, one cannot make 
recommendations about which threshold should be used 
in this particular test. The threshold effect is one of the 
parameters in the bivariate model and it therefore ac-
counts for this source of heterogeneity. In the presence 
of heterogeneity and the absence of a threshold effect, 
the bivariate approach estimates larger variances and 
thus wider confidence intervals. Therefore, it returns a 
conservative interpretation in this situation. However, it 
requires a large number of studies to accurately estimate 
the point summary sensitivity and specificity.

High evidence of heterogeneity among the PCR tests 
was expected. However, less heterogeneity of recent stud-
ies was also expected where available technology makes 

the tests less operator-dependent. Currently, the costs of 
PCR tests are quickly decreasing, and the equipment to 
conduct fast and automated molecular tests are becoming 
widely available. It is likely that the amounts of differ-
ences in PCR protocols are due to fast adoption of new 
techniques/methodologies/equipment without sufficient 
evidence concerning the clinical applicability of previous 
generations of protocols. Based on an international study 
(Schijman et al. 2011), four different approaches were rec-
ommended as the best analytical methods. Unfortunately, 
not all of these four recommendations were used in clini-
cal research for chronic Chagas diagnosis, and the cur-
rently there is high evidence of heterogeneity. Therefore, 
it not yet possible to confirm that any of these four recom-
mendations perform better in clinical settings.

There are some settings where PCR can be quite use-
ful, such as an assessment of a cure after trypanocidal 
treatment, identification of Chagas disease reactivation 
after transplant, and diagnosis of acute infection. Ref-
erence/research laboratories may be able to apply PCR 
using specific algorithms that sometimes combine a few 
PCR tests or PCR with serological tests for several pur-
poses. This practice is particularly interesting in epide-
miological investigations as PCR is currently the only 
technique that offers genotype capabilities.

One issue about the PCR test is that many believe that 
it has 100% specificity due to the DNA’s analytical spec-
ificity. However, in this review we found many reports 
with a PCR specificity point estimate lower than 100%. 
This phenomenon may occur because it may indeed not 
have 100% specificity, as test contamination may raise 
false positive results, and specificity underestimation 
may occur as the reference standard serology does not 
correctly identify those without Chagas disease. In the 
latter case, there is some discussion in literature regard-
ing seronegative cases of chronic Chagas disease (Salo-
mone et al. 2003, Batista et al. 2010, Blum-Domínguez 
et al. 2011). However, there is an inherent limitation of 
PCR tests imposed by the disease, which is that parasitic 
presence in the blood stream is required.

A PCR assay needs a small amount of specific DNA 
target sequences, as a template of the parasite, in periph-
eral blood samples for an appropriate amplification. This 
reasoning indicates that PCR assays are promising tools. 
However, this analytical sensitivity was not transposed 
to clinical sensitivity as shown in this review. There is 
evidence that parasitaemia is low in the chronic phase 
(Castro et al. 1999, Castro & Prata 2000, de Freitas et al. 
2011). Therefore, the accuracy of PCR is compromised 
by an unknown behaviour of T. cruzi parasitaemia in the 
chronic phase, where periods of detectable parasitaemia 
are not predictable. One way to improve the PCR perfor-
mance for chronic Chagas disease diagnosis would be to 
detect a predictable pattern of the parasite in the blood 
stream and use this pattern to choose a more convenient 
moment to collect blood samples. A possible workaround 
on this limitation is to collect a series of blood samples 
because it may increase the probability of identifying the 
parasitic DNA in at least one of the samples.

Several studies use repetitive regions as a strategy 
for Chagas disease molecular diagnosis in an attempt to 
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overcome the low sensitivity of the test, although there 
is no evidence pointing to this direction so far. Other 
suggestions to improve PCR performance are: parasite 
concentration, to use two or more PCR assays (Fitzwater 
et al. 2008, Qvarnstrom et al. 2012) or to use two or more 
primers simultaneously. Although there is no consistent 
evidence that these procedures improve clinical PCR 
performance for chronic Chagas disease diagnosis, this 
later strategy was previously applied for development of 
a diagnostic assay of other neglected tropical diseases 
using loop-mediated isothermal amplification (Dinzou-
na-Boutamba et al. 2014).

Concluding remarks

In conclusion, evidence supports that commercial 
ELISA and ELISA-rec tests’ known accuracies are prob-
ably biased and overestimated. Therefore, to improve di-
agnostic investigation, studies of test accuracies that are 
less susceptible to bias are needed. This will probably 
occur when key issues are adopted, such as: consecutive 
inclusion of suspected subjects, a reference standard for 
chronic Chagas disease diagnosis widely accepted in the 
scientific community and research with later-phase de-
signs. The current recommendation to use two simultane-
ous serological tests for chronic Chagas disease diagnosis 
is neither supported by the accuracies found in research 
papers nor the accuracies provided by the manufacturers. 
However, this recommendation may be supported by evi-
dence of the heterogeneity of the available tests’ accura-
cies, the absence of key data in the studies, the likelihood 
of overestimated accuracies, and perhaps, the prevalence 
of inconclusive results during clinical investigations.

PCR test usefulness is debatable and health care pro-
viders should not order it as a routine test for chronic 
Chagas disease diagnostic investigation. The single ex-
istent commercial test is not widely available, and its 
accuracy provided by the manufacturer is likely over-
estimated. The several different in-house protocols lead 
to a wide range of sensitivity and specificity. PCR’s sen-
sitivity is probably limited by the characteristics of the 
disease itself. Research/reference centres that are able 
to conduct PCR and perform it in selected cases, either 
alone or in combination with serology, are likely to bring 
some benefit to chronic Chagas disease diagnosis. This 
practice may be supported by the fact that PCR tests 
have the potential to detect seronegative cases. However, 
the performance of this combination and the frequency 
of these seronegative cases are unknown so far.
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Supplementary data

Fig. 1: forest plot of all enzyme-linked immunosorbent assay tests. p-values are from Cochrane test for heterogeneity.
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Supplementary data

Fig. 2: forest plot of all enzyme-linked immunosorbent assay with recombinant antigens tests. p-values are from Cochrane test for heterogeneity.

Fig. 3: forest plot of all polymerase chain reaction (PCR) tests. p-values are from Cochrane test for heterogeneity. M1: DNA extraction from 
blood in ethylenediamine tetraacetic acid (EDTA)-guanidine with phenol-chloroform, amplification of satellite DNA using a quantitative PCR; 
M4: DNA extraction from blood in EDTA-guanidine with phenol-chloroform, amplification of kinetoplast-DNA (121-122 primers) with hot-
start PCR; none: none of the improvements propose by Schijman.


