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Abstract Most guidelines for Chagas disease recommend
the performance of two serological tests in order to detect
it. However, inconclusive results may arise from this
strategy. The aim was to describe whether serological
follow-up together with the patient’s clinical characteristics
could clarify the outcome of patients with initial inconclu-
sive test results. In this retrospective case series, all results
of Chagas disease serological tests and outpatient visits
recorded from 2004 to 2008 were screened for inclusion.
The inclusion criterion was clinical suspicion of chronic
Chagas disease and the exclusion criteria were previous
diagnosis of Chagas disease, suspicion of acute Chagas
disease, and serological tests with no corresponding
medical evaluation. A total of 1,732 patients were analyzed.
Chronic Chagas disease prevalence was 21.1%. After the
initial set of serological tests, 2.9% of patients had
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inconclusive test results. Most of these patients had
definite diagnosis after clinical follow-up and the
repetition of serological tests in a new blood sample.
Loss to follow-up while partaking in the diagnostic
investigation reached 17.7%. The prevalence of initial
inconclusive serological tests for chronic Chagas disease
is low. Clinical evaluations and follow-up clarify the
definite diagnosis. Noncompliance to follow-up is a
frequent problem. Strategies to reduce inconclusive
results and noncompliance are discussed.

Background

The accuracy of parasitological tests for chronic Chagas
disease diagnosis is not acceptable. Therefore, its diagnosis
relies solely on serological tests [1-6]. Two of the following
serological techniques are usually recommended: indirect
immunofluorescence (IIF), enzyme-linked immunosorbent
assay (ELISA), or hemagglutination (HA). Inconclusive
diagnosis may arise if the serological tests results do not
match or if the result of one of them is in an indeterminate
range [1, 3, 6].

Chilean guidelines are based on two different techniques,
ELISA and IIF, performed in parallel. If inconclusive results
arise, additional tests are performed in new blood samples
in a reference laboratory [2]. Spanish recommendations
state that a patient will have the diagnosis of chronic
Chagas disease confirmed if either a parasitological test or a
pair of serological tests is positive. If inconclusive
serological tests arise, Western blot (WB) should be
performed [6].

North American systematic review also recommends two
serological tests in parallel, ELISA and IIF. If these are
discordant, a third assay may be performed or a new blood

@ Springer



966

Eur J Clin Microbiol Infect Dis (2012) 31:965-974

sample should be collected on which to run new serological
tests [3]. Similar to this review, El Salvador’s guideline also
recommends the use of ELISA and a second serological
test, either IIF or HA, in parallel. If their results do not
match, a third assay of different methodology should be
performed [1].

Current Brazilian consensus recommends two serologi-
cal tests performed in parallel. If their results match, the
patient is classified as either with or without Chagas
disease; if their results do not match, the result is classified
as inconclusive. If this is the case, a second sample is
collected and the same pair of serological tests could be
performed. If the second pair of serological tests results
remains inconclusive, a third sample is collected and either
WB or polymerase chain reaction (PCR) should be
performed [5].

PCR and WB for chronic Chagas disease diagnosis were
mentioned in most guidelines, but their use is controversial,
and the World Health Organization (WHO) Expert Com-
mittee considered these two tests as nonconventional
techniques [4].

This report addressed how inconclusive serological
results for chronic Chagas disease were handled in clinical
practice at Instituto de Pesquisa Clinica Evandro Chagas
(IPEC), where nonconventional or in-house techniques
were not available at the time. The aim was to check the
definite diagnosis of patients suspected of chronic Chagas
disease with initial inconclusive serological test results,
after clinical evaluations and serological follow-up. Addi-
tionally, the ability of clinical characteristics to predict the
definite diagnosis of patients with initial inconclusive
results was explored. Characteristics potentially related
with inconclusive results were also explored.

Methods

This investigation is a retrospective case series and was
conducted at IPEC, Fundagdo Oswaldo Cruz, Rio de
Janeiro, Brazil. IPEC is a reference center for infectious
diseases, including Chagas disease. Patients come to IPEC’s
outpatient service spontaneously or are referred from other
health units in order to be screened for Chagas disease and
receive appropriate health care. IPEC is the only health unit
specialized in Chagas disease in Rio de Janeiro state. The
institutional review board and ethics committee approved
this research on July 15th, 2009 with Sistema Nacional de
Informagido sobre Etica em Pesquisa envolvendo Seres
Humanos (SISNEP) (http://portal2.saude.gov.br/sisnep/)
number 0027.0.009.000.09.

Clinical routine for chronic Chagas disease diagnosis at
IPEC was: (a) first outpatient visit: patients are interviewed
by nurses and briefly evaluated by a physician, and a blood
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sample is collected for serological tests; (b) ELISA and IIF
are performed and other complementary tests (such as
electrocardiogram [ECG]) could be performed according to
the physician’s judgment; (c) second outpatient visit (20 to
30 days after the initial evaluation): the patient is
reevaluated, serological findings are analyzed, and counseling,
follow-up, or therapy are provided as appropriate.

Serological test results and outpatient visits recorded
from 2004 to 2008 were retrospectively reviewed. The
inclusion criteria were: (1) suspicion for chronic Chagas
disease and (2) first serological investigation for Chagas
disease. Patients were excluded if: (1) they had a previous
diagnosis of Chagas disease; (2) they were under investi-
gation for acute Chagas disease; (3) they were already
under follow-up at IPEC due to other diseases; or (4) they
had laboratory results without corresponding medical
records.

The data of interest were as follows: Chagas disease
serological tests findings, including optical densities or
dilutions, as well as consecutive findings of the same
patient (if more than one sample was collected);
serological kit trademarks; clinical interpretations of test
findings; history of possible exposure to Trypanosoma
cruzi and signs or symptoms compatible with Chagas
disease. All of these data were obtained from medical
charts and laboratory registers.

Chagas discase was defined as a patient with two
positive serological tests performed with the same blood
sample. Chagas disease diagnosis was excluded when both
serological tests were negative. Serological test result was
defined as indeterminate if at least one of the serological
tests presented within a not interpretable range (gray zone).
The result was defined as discordant if one serological test
was positive and the other was negative in the same blood
sample. Patients with indeterminate or discordant serology
findings, in which the assistant physician decided that they
were not infected with 7. cruzi and were discharged from
the outpatient service were classified as “medical discharge
without Chagas”. Tests results were considered to be
inconclusive when it was not possible to assign a diagnosis
to a patient due to the findings of one of the serological
tests within an indeterminate range or discordant findings
from different serological tests. A noncompliant patient was
defined as a patient that either collected a blood sample but
missed medical follow-up, or had an inconclusive diagnosis
but did not return to collect a new blood sample. Patients
were considered to be from an endemic area if they were
born in areas with active vector transmission at any time.

Between 2004 and 2008, the following serological tests
were used at [PEC: EIE CHAGAS Bio-Manguinhos (Rio
de Janeiro, Brazil; from 2004 to June 2006; informed
sensitivity 100.00%, informed specificity 98.62%); Wiener
Lab’s ELISA (Rosario, Argentina; from June 2006 to
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December 2008; informed sensitivity 98.04%, informed
specificity 92.96%); Bio-Manguinhos’ IIF Chagas (Rio de
Janeiro, Brazil; from 2004 to January 2008; informed
sensitivity 100.00%, informed specificity 100.00%);
WAMA'’s Immuno-con Chagas (Sdo Paulo, Brazil; from
January 2008 to June 2008; informed sensitivity 100.00%,
informed specificity 100.00%); and Biocientifica’s Inmuno-
fluor Chagas (Buenos Aires, Argentina; from June 2008 to
December 2008, informed sensitivity 100.00%, informed
specificity 100.00%). Neither PCR nor WB was available
for clinical routine during this period.

These tests were used following the manufacturers’
instructions. The cut-offs used were as follows: EIE
CHAGAS Bio-Manguinhos: the mean optical density of
positive controls plus the mean optical density of negative
controls divided by two for each plate; Wiener Lab’s
ELISA: the mean optical density of negative controls plus
0.3; Bio-Manguinhos’ and Wiener’s ELISA indeterminate
ranges were defined as from 1 to 1.2 times and 0.9 to 1.1
times the plate cut-off, respectively; and Bio-Manguinhos’
IIF Chagas, Biocientifica’s Inmunofluor Chagas and
WAMA’s Immuno-con Chagas: visualization of fluorescence
only at 1:40 dilutions was considered to be an indetermi-
nate test result.

Proportions equivalent to positive and negative predic-
tive values for definite diagnosis were estimated. A logistic
regression analysis was conducted to estimate the strength
of association of several clinical characteristics to the initial
inconclusive test results. Some nested models were fitted
and compared through the Wald test. Among those with
initial inconclusive test results, a multinomial regression
analysis was conducted to explore the possible predictors
for definite diagnosis. For these two analysis approaches,
patients that were classified as “medical discharge” or “lost
to follow-up” but had serological tests available with
inconclusive results were classified as inconclusive in order
to increase the sample size. All analysis was carried out
using the R Project software [7].

Results

Initial screening included 5,570 medical records or labora-
tory tests; 229 patients were excluded because they had
laboratory results but no correspondent medical record and
3,609 patients were excluded because they had a previous
investigation for Chagas disease or were under the
suspicion of acute Chagas diseases. The final study sample
consisted of 1,732 patients.

Chronic Chagas disease prevalence was 20.7% in the
first blood sample and 21.1% after definite diagnosis
(Fig. 1). Most of the patients who did seek diagnosis at
IPEC were female (52.0%); the median age of the patients

was 49 (mean 47.5) years and the age range was 0 to 88
years (Table 1). Physicians referred the majority of patients
that came to the IPEC’s outpatient service (41.6%) (Table 1).
Among patients referred by a physician, the most common
indication was heart disease, followed by esophagus disease
(Table 1). Most were born in rural areas (80.9%) and stated
that their mother did not have Chagas disease (47.9%), did
not receive blood transfusion in the past (58.9%), and did
not have systemic hypertension (60.5%). Only 1% of the
patients reported a history of a previous stroke. Complaints
compatible with cardiac involvement, such as palpitations,
syncope in the past 3 months, or dyspnea on exertion, were
reported by 27% of the patients, whereas 4.5% of the
patients reported symptoms of esophagus involvement,
such as dysphagia, and 2% of the patients reported
intestinal symptoms such as persistent constipation. Patients
were born in all 27 Brazilian states, but were living in the Rio
de Janeiro metropolitan area at the time of the medical
evaluation.

The mean (standard deviation) time between the first and
the second blood collections among those with initial
inconclusive result was 133.8 (120.3) days when a second
sample was necessary, and the mean (standard deviation)
time between the first and the third blood collections among
those with initial inconclusive results was 253.6 (36.0) days
when a third sample was necessary. Most of the patients had
definite diagnosis after two blood samples and all had
definite diagnosis after four consecutive blood samples
(Fig. 1). Following current Brazilian recommendations,
8 (0.5%) patients would need either PCR or WB tests to
clarify their diagnosis. However, it is possible that some or
all of the patients classified as “medical discharge” would
be submitted to nonconventional tests if they were
available. Therefore, up to 36 (2.1%) patients could have
needed nonconventional tests. Inconclusive results summed
2.9% in the first sample and 13.0% in the second sample
(Fig. 1).

The main outcomes of the serological investigation were
that 16.6% of patients did not return for follow-up after the
first blood sample and 25% of the patients did not return
after the second blood sample (Fig. 1). The definite
diagnosis identified 1,061 patients (61.3%) without Chagas
disease, 365 patients (21.1%) with Chagas disease, and 306
patients (17.7%) were lost to follow-up (Table 1).

Fourteen patients from those that were initially incon-
clusive were submitted to a different set of serological test
trademarks in the second sample. Specific serology kits’
trademark combinations were the only possible reasons
associated with initial inconclusive test results (Table 2).
The following adjusted odds ratios for initial inconclusive
test results were found: 2.8 for ELISA CHAGAS Bio-
Manguinhos (reference Wiener Lab’s ELISA) and 3.1 for
WAMA'’s Immuno-con Chagas (reference Bio-Manguinhos’
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Fig. 1 Applied serologic diagnostic algorithm for chronic Chagas disease

IIF). Bio-Manguinhos’ IIF and Biocientifica’s IIF showed
similar adjusted odds ratios. The serology kits combination
that resulted in less inconclusive results was Wiener Lab’s
ELISA with Bio-Manguinhos’ IIF.

After the first blood sample, 51 patients were considered
to have inconclusive results and a second sample was
requested. Also, another nine patients, whose initial results
ruled out Chagas disease, collected a second sample.
Definite diagnosis of those with initial inconclusive results
was as follows: 6 (11.8%) had Chagas disease, 28 (54.9%)
did not have Chagas disease, and 17 (33.3%) were lost to
follow-up. Indeterminate test result, in both ELISA and IIF,
were more likely to come from subjects without Chagas
disease (Table 3). Most definite diagnoses confirmed the
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Noncompliant

1 (50.0%)

findings of the initial ELISA, mainly when the initial
ELISA was negative (Table 3). Patients lost to follow-up
were more common in the subgroup with initial inconclu-
sive results than in the whole population. Patients dis-
charged as without Chagas disease had this diagnosis relied
mostly on the particular combination of serology results
rather than on clinical characteristics.

The clinical characteristics (those shown in Table 1) of
those initially inconclusive patients were very similar to
those who had definite diagnosis with only one sample.
There was only a small increase in the prevalence of
inconclusive test results in the group of patients referred
from physicians due to esophagus findings (7.41% vs.
4.30%) and a small decrease in the prevalence of
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Table 1 Clinical characteristics and their respective frequencies according to the definite diagnosis of chronic Chagas disease

Clinical characteristic Without Chagas, Chagas, NC, n (%) Total, n (%)
n (%) n (%)
Sex
Male 489 (60.8) 160 (19.9) 155 (19.3) 804 (100)
Female 572 (63.5) 204 (22.6) 125 (13.9) 901 (100)
Ignored 0 (0) 1(3.7) 26 (96.3) 27 (100)
Age (years)
Median (IQR) 48 (34-60) 52 (40.5-61) 43 (30.5-57.5) 49 (36-60)
Referral for diagnosis
Own will 74 (90.2) 6(7.3) 2(24) 82 (100)
Relatives 262 (78.7) 69 (20.7) 2 (0.6) 333 (100)
Physician 561 (77.9) 147 (20.4) 12 (1.7) 720 (100)
Blood bank 79 (36.6) 134 (62) 3(1.4) 216 (100)
Others 22 (91.7) 0 (0) 2 (8.3) 24 (100)
Ignored 63 (17.6) 9 (2.5 285 (79.8) 357 (100)
Retest executed in BB
No 25 (38.5) 40 (61.5) 0 (0) 65 (100)
Yes 25 (26.9) 68 (73.1) 0(0) 93 (100)
Not applicable 982 (64.8) 231 (15.2) 303 (20) 1,516 (100)
Ignored 29 (50) 26 (44.8) 3(5.2) 58 (100)
Retest result in BB
Negative 3(75) 1 (25) 0 (0) 4 (100)
Positive 19 (23.8) 61 (76.2) 0(0) 80 (100)
Indeterminate 2 (66.7) 1(33.3) 0 (0) 3 (100)
Not applicable 1,036 (63.2) 297 (18.1) 306 (18.7) 1,639 (100)
Ignored 1 (16.7) 5(83.3) 0(0) 6 (100)
Physician referral indication
Ignored 36 (83.7) 7 (16.3) 0(0) 43 (100)
Heart 374 (78.6) 97 (20.4) 5(1.1) 476 (100)
Esophagus 56 (72.7) 19 (24.7) 2 (2.6) 77 (100)
Intestine 28 (75.7) 9(24.3) 0 (0) 37 (100)
Endemic area 32 (80) 6 (15) 2 (5 40 (100)
Other 21 (67.7) 7 (22.6) 3097 31 (100)
Transplant screening 14 (87.5) 2 (12.5) 0 (0) 16 (100)
Not applicable 499 (49.4) 218 (21.6) 294 (29.1) 1,011 (100)
Born in endemic area
No 301 (90.9) 23 (6.9) 7 (2.1) 331 (100)
Yes 760 (54.2) 342 (24.4) 299 (21.3) 1,401 (100)
Born in rural area
No 208 (89.7) 21 9.1) 3(1.3) 232 (100)
Yes 471 (66.3) 228 (32.1) 11 (1.5) 710 (100)
Ignored 382 (48.4) 116 (14.7) 292 (37) 790 (100)
Lived in mud houses
No 354 (84.1) 59 (14) 8 (1.9) 421 (100)
Yes 501 (65.7) 250 (32.8) 11 (1.4) 762 (100)
Ignored 206 (37.5) 56 (10.2) 287 (52.3) 549 (100)
Mother with Chagas diseased
No 610 (73.5) 206 (24.8) 14 (1.7) 830 (100)
Yes 142 (82.6) 27 (15.7) 3(1.7) 172 (100)
Ignored 309 (42.3) 132 (18.1) 289 (39.6) 730 (100)
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Table 1 (continued)

Clinical characteristic Without Chagas, Chagas, NC, n (%) Total, n (%)
n (%) n (%)

Previous blood transfusion

No 743 (72.8) 262 (25.7) 15 (1.5) 1,020 (100)
Yes 98 (71.5) 38 (27.7) 1 (0.7) 137 (100)
Ignored 220 (38.3) 65 (11.3) 290 (50.4) 575 (100)
Previous blood transfusion before 1991*

No 22 (73.3) 8 (26.7) 0 (0) 30 (100)
Yes 54 (70.1) 22 (28.6) 1(1.3) 77 (100)
Not applicable 963 (60.4) 327 (20.5) 305 (19.1) 1,595 (100)
Ignored 22 (73.3) 8 (26.7) 0 (0) 30 (100)
Previous blood donation

No 408 (70.1) 164 (28.2) 10 (1.7) 582 (100)
Yes 201 (66.1) 100 (32.9) 3(1) 304 (100)
Ignored 452 (53.4) 101 (11.9) 293 (34.6) 846 (100)
Positive screening in previous blood donation

No 164 (80.8) 37 (18.2) 2(1) 203 (100)
Yes 37 37) 62 (62) 1 (1) 100 (100)
Not applicable 859 (60.2) 265 (18.6) 303 (21.2) 1,427 (100)
Ignored 1(50) 1(50) 0 (0) 2 (100)
Systemic arterial hypertension

No 748 (71.4) 283 (27) 17 (1.6) 1,048 (100)
Yes 291 (77.6) 79 (21.1) 5(1.3) 375 (100)
Ignored 22 (7.1) 3(1) 284 (91.9) 309 (100)
Coronary artery disease

No 962 (72.7) 341 (25.8) 21 (1.6) 1,324 (100)
Yes 75 (80.6) 18 (19.4) 0 (0) 93 (100)
Ignored 24 (7.6) 6 (1.9) 285 (90.5) 315 (100)
Previous stroke

No 972 (73.6) 330 (25) 19 (1.4) 1,321 (100)
Yes 8 (44.4) 9 (50) 1(5.6) 18 (100)
Ignored 81 (20.6) 26 (6.6) 286 (72.8) 393 (100)
Previous leishmaniasis

No 999 (73.5) 341 (25.1) 20 (1.5) 1,360 (100)
Yes 3 (60) 2 (40) 0 (0) 5 (100)
Ignored 59 (16.1) 22 (6) 286 (77.9) 367 (100)
Cardiac symptoms

No 825 (74.5) 267 (24.1) 16 (1.4) 1,108 (100)
Yes 179 (69.1) 76 (29.3) 4 (1.5) 259 (100)
Ignored 57 (15.6) 22 (6) 286 (78.4) 365 (100)
Esophagus symptoms

No 951 (74.4) 310 (24.2) 18 (1.4) 1,279 (100)
Yes 53 (60.2) 33 (37.5) 2(2.3) 88 (100)
Ignored 57 (15.6) 22 (6) 286 (78.4) 365 (100)
Intestinal symptoms

No 975 (74.1) 321 (24.4) 20 (1.5) 1,316 (100)
Yes 30 (58.8) 21 (41.2) 0 (0) 51 (100)
Ignored 56 (15.3) 23 (6.3) 286 (78.4) 365 (100)
ELISA initial results

Indeterminate 3 (37.5) 2 (25 3 (37.5) 8 (100)
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Table 1 (continued)

Clinical characteristic Without Chagas, Chagas, NC, n (%) Total, n (%)
n (%) n (%)

Not reactive 1,040 (78.5) 2(0.2) 282 (21.3) 1,324 (100)

Reactive 18 (4.5) 361 (90.2) 21 (5.2) 400 (100)

IIF initial results

Indeterminate 31 (60.8) 6 (11.8) 14 (27.5) 51 (100)

Not reactive 1,001 (78.9) 7 (0.6) 261 (20.6) 1,269 (100)

Reactive 29 (7) 352 (85.4) 31 (7.5) 412 (100)

Total 1,061 (61.3) 365 (21.1) 306 (17.7) 1,732 (100.0)

BB - blood banks, ELISA - enzyme-linked immunosorbent assay, IIF — indirect immunofluorescence, IQR — interquartile range, NC — noncompliant

*Brazilian regulation for blood screening for Chagas disease started in 1991

inconclusive test results in the group of patients referred
from physicians due to heart findings (23.46% vs. 27.70%).
The multinomial regression analysis strategy did not
identify possible diagnosis predictors among those with
initial inconclusive results. However, this finding was not
interpretable, as it was not possible to perform a regression
analysis with multiple predictors due to the small number of
initial inconclusive results.

The amount of overall missing information about the
clinical characteristics (Table 1) did not allow the clinical
characteristics’ prediction ability to be evaluated appropri-
ately. Nevertheless, previous stroke had the highest positive
predictive value (50%) and not born in endemic or rural
areas had the highest negative predictive value (90%).

Considering only patients from blood banks, disease
prevalence was higher; the proportion of inconclusive
results was similar and the proportion of patients lost to
follow-up was smaller than in the whole population

(Fig. 2).

Discussion

The main findings of this investigation were as follows: (a)
the prevalence of initial inconclusive serology results
during Chagas disease investigation is low in clinical
practice; (b) the need for nonconventional tests can be
replaced by serological follow-up; (c) in this study, it was
not possible to adequately explore clinical characteristics as

predictors of the definite outcome of inconclusive results;
(d) serology trademark combinations might reduce incon-
clusive tests results; (e) the majority of patients with initial
inconclusive serological test results are ultimately classified
as without Chagas disease; (f) the major pitfall limiting the
success of the serological follow-up strategy is the
significant number of patients lost to follow-up.

As far as we know, the prevalence of inconclusive results
in the serological investigation of chronic Chagas disease in
clinical settings was never estimated, and neither are there
data available about chronic Chagas disease diagnostic
algorithms evaluation in clinical settings. Nevertheless,
algorithms were developed and are considered to be
appropriate to rule out the risk of Chagas disease
transmission through blood products [8—11]. However, the
main concerns of blood banks screening are to rule out
disease in blood products and to deal with indeterminate
and false-positive results after serological screening. Incon-
clusive and all positive test results (false-positive or not) are
referred to diagnosis; thus, these algorithms cannot be
applied to the diagnostic clinical scenario. Although there
was a major concern regarding inconclusive results and the
inability to make a correct diagnosis of Chagas disease in
the past [12—16], the low prevalence of this problem found
in this research reveals that the actual need for nonconven-
tional tests would be low. Nevertheless, reports and guide-
lines suggested several approaches to deal with
inconclusive results or with clinical scenarios where Chagas
disease is the most likely diagnosis and serology does not

Table 2 Logistic regression output showing the possible explanations for inconclusive results

Factor Effect SE OR Lower Cl Upper ClI
ELISA Bo-Manguinhos + Wiener Lab 1.02 0.24 2.77 1.71 4.47
IIF Biocientifica + Bio-Manguinhos —-0.05 0.61 0.95 0.29 3.13
IIF Wama + Bio-Manguinhos 1.14 0.41 3.11 1.40 6.91

Effect — regression coefficient, ELISA — enzyme-linked immunosorbent assay trademark, IIF — indirect immunofluorescence trademark, Lower C1

—95% OR inferior confidence limits, OR — odds ratio, SE — standard error, Upper Cl — 95% OR superior confidence limits
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Table 3 Frequencies of sero-

logical test result combinations ELISA/IIF Without Chagas, Chagas, NC, Total,

and definite diagnosis of Chagas n (%) n (%) n (%) n (%)

disease from patients with initial

inconclusive tests Indeterminate/not reagent 0 (0) 0 (0) 3 (100) 3 (100)
Indeterminate/reagent 3 (60) 2 (40) 0 (0) 5 (100)
Not reagent/indeterminate 29 (69) 0 (0) 13 (31 42 (100)
Not reagent/reagent 12 (52.2) 0 (0) 11 (47.8) 23 (100)

ELISA — enzyme-linked Reagent/indeterminate 1 (50) 1 (50) 0 (0) 2 (100)

immunosorbent assay, ITF — Reagent/not reagent 2 (33.3) 3 (50) 1 (16.7) 6 (100)

immunofluorescence, NC — Total 47 (58.0) 6 (7.4) 28 (34.6) 81 (100.0)

noncompliant

confirm it, such as: running a third test with the same
sample [1-3, 6, 14]; serological follow-up [2, 3, 5, 14]; the
use of WB [5, 6, 14, 15]; the use of PCR [5, 6, 14]; and
other nonconventional tests [3, 12, 14, 16]. From these
options, serological follow-up proved to be feasible and
appropriate in most cases, and may prove to be a good
strategy in places where nonconventional tests are not
available.

Many risk factors or predictors were explored and found
to be associated with chronic Chagas disease among blood
donors [9, 12, 17-22] and in rural area settings [23-28].

However, as far as we know, no previous investigation
addressed which clinical characteristics could predict
chronic Chagas disease diagnosis among those with initial
inconclusive serology results in the clinical setting. This
study showed that a few clinical characteristics could have
a potential role in predicting the definite diagnosis in this
setting, but this was not possible to confirm in the
regression analysis with multiple predictors. The small
sample size of inconclusive serology results, together with
the amount of missing clinical data in this investigation,
probably compromised this evaluation.

Reagent screening in Blood Banks: 216

Without Chagas

71 (32.9%) Indeterminate

3 (1.4%)

\ |

Discordant Noncompliant Medical discharge as
5 (2.3%); 1 (0.5%) without Chagas
5 (2.3%)

/

Collected a second blood sample: 10

— N e
o

Without Chagas
3 (30.3%)

Indeterminate
1 (10.3%)

Noncompliant
1 (10.0%)

Medical discharge as
without Chagas
1 (10.0%)

Discordant
1 (10.3%)

Collected a third blood sample: 2

/

Without Chagas
1 (50.0%)

N

Noncompliant

1 (50.0%)

Fig. 2 Applied serologic diagnostic algorithm for chronic Chagas disease in patients referred from blood banks
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Regression analysis showed that specific serology
trademark combinations were associated with inconclusive
results. Therefore, the test accuracy may depend on some
quality issue related to the trademark and a particular
trademark combination could be used to reduce the
incidence of inconclusive results in clinical practice. In
most cases, the ELISA’s initial result was confirmed after
serological follow-up. Thus, in several cases, the inconclu-
sive results will be attributed to IIF’s lack of reliability or
accuracy, and the IIF’s utility in the diagnostic strategy may
be far less important than the ELISA’s. If a single ELISA
test for chronic Chagas disease diagnosis is used, the
number of inconclusive results may be substantially
reduced. Some authors have used a third test (either a
different method or similar techniques with different
antigens, such as ELISA with recombinant antigens) in the
first sample, where the patient needs to have two reagent
tests out of three in order to be considered for Chagas
disease, thus, avoiding discordant results. Despite the great
concern about how to handle inconclusive test results, a
major problem found during this retrospective analysis was
the number of patients lost to follow-up. It is important to
establish strategies to reduce the noncompliance to diag-
nostic investigation, as patients that do not know their final
diagnosis may miss the opportunity of appropriate health
assistance or may later apply for blood donation. All current
guidelines [1-3, 5, 6] state recommendations to proceed in
case of inconclusive results, but none state any consideration
about investigation noncompliance.

One possible strategy to reduce noncompliance, al-
though less feasible, is to perform nonconventional tests
earlier in the diagnostic algorithm. If the initial test results
are inconclusive, a third test could be performed using the
same blood sample before the results are disclosed to the
patient. In this approach, at least two out of three reagent
tests are necessary so as to classify the patient as having
Chagas disease. However, nonconventional tests, such as
PCR or WB, are not easily accessed, as no commercial
PCR or WB is currently available, and these nonconven-
tional tests are only available at research or reference
centers. Also, a third test could be a commercially available
test, such as hemagglutination, or a similar test with
different antigens, such as ELISA with recombinant
antigens. Other alternatives to reduce noncompliance
should be considered, such as: using a single ELISA,
systematic phone or mail contact to warn about medical
appointments, home visits, or incentives (e.g., bus tokens),
and reducing the time between the first and the second tests.

This research has potential limitations that should be
considered. Disease prevalence among the patients investi-
gated at our health unit is expected to be higher than in the
general population, as IPEC is a reference center to where
blood donors and patients from other health units are

referred. The patients’ clinical characteristics may also be
quite different from other health units, due to the same
reasons. Another possible limitation is that IPEC has a very
experienced immunodiagnostic service, thus, the prevalence
of inconclusive serological test results may be lower than
elsewhere.

Conclusions

Despite current Brazilian guidelines recommending non-
conventional tests in order to clarify persistent inconclusive
serology results, serological follow-up associated with
medical evaluation was able to clarify the definite diagnosis
of all patients that were not lost to follow-up. Enzyme-
linked immunosorbent assay (ELISA) negative results in an
initial inconclusive diagnosis are usually confirmed after
serological follow-up and clinical evaluation. However, the
follow-up strategy leads to a significant number of patients
lost in the diagnostic investigation, because they either do
not return to collect new blood samples or do not return to a
new medical visit. Therefore, strategies to reduce serolog-
ical investigation noncompliance should be considered and
some of them could be easily implemented.

Acknowledgments J.S. Lapa was funded by Centro de Integragdo
Empresa-Escola (CIEE).

Conflicts of interest No conflicts of interest to declare.

References

1. El Salvador. Ministerio de la Salud Publica y Asistencia Social.
Norma tecnica de prevencion y control de la enfermedad de
Chagas. 2007. Available online at: http://www.paho.org/spanish/
ad/dpc/cd/dch-els-normas.pdf

2. (2008) Guias clinicas de la enfermedad de Chagas 2006: Parte V.
Diagnostico de laboratorio. Rev Chil Infect 25(5):379-383

3. Bern C, Montgomery SP, Herwaldt BL, Rassi A Jr, Marin-Neto
JA, Dantas RO et al (2007) Evaluation and treatment of Chagas
disease in the United States: a systematic review. JAMA 298
(18):2171-2181

4. World Health Organization (WHO) (2002) Control of Chagas
disease: second report of the WHO Expert Committee. Available
online at: http://whqlibdoc.who.int/trsyWHO TRS 905.pdf

5. Ministério da Saude. Secretaria de Vigilancia em Saude (2005)
Brazilian Consensus on Chagas disease. Rev Soc Bras Med Trop
38(Suppl 3):7-29

6. Gascon J; Grupo de Trabajo del Taller Enfermedad de Chagas
Importada: Un Nuevo Reto de Salud Publica? (2005) Diagnosis
and treatment of imported Chagas disease. Med Clin (Barc) 125
(6):230-235

7. R Development Core Team (2010) R: a language and environment
for statistical computing. Vienna, Austria. Home page at: http://
www.R-project.org

8. Appleman MD, Shulman IA, Saxena S, Kirchhoff LV (1993) Use
of a questionnaire to identify potential blood donors at risk for
infection with Trypanosoma cruzi. Transfusion 33(1):61-64

@ Springer


http://www.paho.org/spanish/ad/dpc/cd/dch-els-normas.pdf
http://www.paho.org/spanish/ad/dpc/cd/dch-els-normas.pdf
http://whqlibdoc.who.int/trs/WHO_TRS_905.pdf
http://www.R-project.org
http://www.R-project.org

974

Eur J Clin Microbiol Infect Dis (2012) 31:965-974

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hamerschlak N, Pasternak J, Amato Neto V, de Carvalho MB,
Guerra CS, Coscina AL et al (1997) Chagas’ disease: an algorithm
for donor screening and positive donor counseling. Rev Soc Bras
Med Trop 30(3):205-209

Sobreira AC, Gomes FV, Silva MA, Oliveira MF (2001) Chagasic
infection prevalence in blood donors at the Regional Blood Donation
Center of Iguatu. Rev Soc Bras Med Trop 34(2):193-196

Aratjo AB, Vianna EES, Berne MEA (2008) Anti-7rypanosoma
cruzi antibody detection in blood donors in the Southern Brazil.
Braz J Infect Dis 12(6):480-482

Furuché CR, Umezawa ES, Almeida I, Freitas VL, Bezerra R,
Nunes EV et al (2008) Inconclusive results in conventional
serological screening for Chagas’ disease in blood banks:
evaluation of cellular and humoral response. Trop Med Int Health
13(12):1527-1533

Batista AM, Aguiar C, Almeida EA, Guariento ME, Wanderley
JS, Costa SCB (2010) Evidence of Chagas disease in seronegative
Brazilian patients with megaesophagus. Int J Infect Dis 14(11):
€974-e977

Picka MCM, Meira DA, de Carvalho TB, Peresi E, Marcondes-
Machado J (2007) Definition of a diagnostic routine in individuals
with inconclusive serology for Chagas disease. Braz J Infect Dis
11(2):226-233

Reiche EM, Cavazzana M Jr, Okamura H, Tagata EC, Jankevicius
SI, Jankevicius JV (1998) Evaluation of the western blot in the
confirmatory serologic diagnosis of Chagas’ disease. Am J Trop
Med Hyg 59(5):750-756

Mendes RP, Hoshino-Shimizu S, Moura da Silva AM, Mota I,
Heredia RA, Luquetti AO et al (1997) Serological diagnosis of
Chagas’ disease: a potential confirmatory assay using preserved
protein antigens of Trypanosoma cruzi. J Clin Microbiol 35
(7):1829-1834

Leiby DA, Read EJ, Lenes BA, Yund AJ, Stumpf RJ, Kirchhoff
LV et al (1997) Seroepidemiology of Trypanosoma cruzi, etiologic
agent of Chagas’ disease, in US blood donors. J Infect Dis 176
(4):1047-1052

Vinelli E, Aguilar M, Pavon L, Enamorado N (1995) El
interrogatorio como instrumento para la exclusion de donantes
de sangre con riesgo para la transmision del Trypanosoma cruzi.
Rev Méd Hondur 63(3):96-99

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Martelli CMT, Andrade ALSS, Silva SA, Zicker F (1992) Risk
factors for Trypanosoma cruzi infection among blood donors in
central Brazil. Mem Inst Oswaldo Cruz 87(3):339-343

Pirard M, lihoshi N, Boelaert M, Basanta P, Lopez F, Van der
Stuyft P (2005) The validity of serologic tests for Trypanosoma
cruzi and the effectiveness of transfusional screening strategies in
a hyperendemic region. Transfusion 45(4):554-561

Salles NA, Sabino EC, Cliquet MG, Eluf-Neto J, Mayer A,
Almeida-Neto C et al (1996) Risk of exposure to Chagas’ disease
among seroreactive Brazilian blood donors. Transfusion 36(11—
12):969-973

Ferreira-Silva MM, Pereira GA, Lages-Silva E, Moraes-Souza H
(2010) Socioepidemiological screening of serologically ineligible
blood donors due to Chagas disease for the definition of
inconclusive cases. Mem Inst Oswaldo Cruz 105(6):800-805

De Andrade ALSS, Zicker F, Silva IG, Souza JMP, Martelli CMT
(1995) Risk factors for Trypanosoma cruzi infection among
children in central brazil: a case—control study in vector control
settings. Am J Trop Med Hyg 52(2):183-187

Black CL, Ocaiia S, Riner D, Costales JA, Lascano MS, Davila S
et al (2007) Household risk factors for Trypanosoma cruzi
seropositivity in two geographic regions of Ecuador. J Parasitol
93(1):12-16

Feliciangeli MD, Sanchez-Martin MJ, Suarez B, Marrero R,
Torrellas A, Bravo A et al (2007) Risk factors for Trypanosoma
cruzi human infection in Barinas State, Venezuela. Am J Trop
Med Hyg 76(5):915-921

Rizzo NR, Arana BA, Diaz A, Cordon-Rosales C, Klein RE,
Powell MR (2003) Seroprevalence of Trypanosoma cruzi infec-
tion among school-age children in the endemic area of Guatemala.
Am J Trop Med Hyg 68(6):678-682

Tortora C, Bejarano I, Dipierri J, Alfaro E, Garcia T (2000)
Chagas diseases seroepidemiology in schoolchildren of Jujuy
[Seroepidemiologia de la enfermedad de chagas en escolares de
Jujuy]. Medicina (B Aires) 60(4):469-473

Giirtler RE, Chuit R, Cécere MC, Castaiiera MB, Cohen JE,
Segura EL (1998) Household prevalence of seropositivity for
Trypanosoma cruzi in three rural villages in northwest Argentina:
environmental, demographic, and entomologic associations. Am J
Trop Med Hyg 59(5):741-749



	Dealing with initial inconclusive serological results for chronic Chagas disease in clinical practice
	Abstract
	Background
	Methods
	Results
	Discussion
	Conclusions
	References




