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The performance of laboratory tests in the management
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Orally transmitted Chagas disease (ChD), which is a well-known entity in the Brazilian Amazon Region, was first
documented in Venezuela in December 2007, when 103 people attending an urban public school in Caracas became
infected by ingesting juice that was contaminated with Trypanosoma cruzi. The infection occurred 45-50 days prior
to the initiation of the sampling performed in the current study. Parasitological methods were used to diagnose the
first nine symptomatic patients; T. cruzi was found in all of them. However, because this outbreak was managed as
a sudden emergency during Christmas time, we needed to rapidly evaluate 1,000 people at risk, so we decided to
use conventional serology to detect specific IgM and IgG antibodies via ELISA as well as indirect haemagglutination, which produced positive test results for 9.1%, 11.9% and 9.9% of the individuals tested, respectively. In other
more restricted patient groups, polymerase chain reaction (PCR) provided more sensitive results (80.4%) than blood
cultures (16.2%) and animal inoculations (11.6%). Although the classical diagnosis of acute ChD is mainly based on
parasitological findings, highly sensitive and specific serological techniques can provide rapid results during large
and severe outbreaks, as described herein. The use of these serological techniques allows prompt treatment of all
individuals suspected of being infected, resulting in reduced rates of morbidity and mortality.
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In Venezuela, effective control measures successfully reduced the annual incidence of Trypanosoma
cruzi infections from 10/1,000 individuals in the 1950s
to 1/1,000 in the 1980s (Feliciangeli et al. 2003). Since
then, the recorded outbreaks of acute Chagas disease
(ChD) have been as follows: between 1988-1996, 59
cases occurred in the western states of Venezuela (Añez
et al. 1999), after which nine cases involving two deaths
occurred during the period of January 2006-March 2007
in the same endemic area (Añez et al. 2007). In 2004
and 2006, the deaths of two children near Caracas were
documented (Alarcón de Noya et al. 2009). Nevertheless, an outbreak of orally transmitted ChD (OChD) in a
school in a middle class neighbourhood in Caracas was
the warning signal that ChD was re-emerging via a different mode of transmission, i.e., the oral route (Alarcón
de Noya et al. 2010b). Although this form of the disease
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is well known elsewhere, it is not commonly observed
in Venezuela; however, five additional oral outbreaks
have occurred since the outbreak in the school in different parts of the country (Alarcón de Noya et al. 2010a,
ProMED 2012). In Brazil, several episodes of oral transmission have been reported since 1968 (Valente et al.
2008) and 776 cases that occurred from 2000-2010 have
been attributed to foodborne transmission (ShikanaiYasuda & Barbosa Carvalho 2012). Argentina, Ecuador,
Colombia (Alarcón de Noya et al. 2010a) and Bolivia
(Santalla Vargas et al. 2011) have also documented cases
of OChD. A laboratory diagnosis of ChD depends on the
type of clinical or epidemiological conditions involved,
as infection and diagnosis may take place in patients who
come into direct contact with the vector, but diagnosis can
also occur under special circumstances, such as through
blood screening in blood banks, cardiology and obstetric
consultations, transplantation units or, less frequently,
during large outbreaks of OChD, all of which must be
managed as real clinical emergencies. For example, in
Venezuela, during December 2007 (Alarcón de Noya et
al. 2010b), an outbreak occurred in an urban school that
was presumably linked to the ingestion of contaminated
home-made juice that had been prepared in a different
part of the city where triatomines were present.
The aim of this study is to provide information about
the parasitological, immunological and molecular laboratory tests used in diagnosing ChD to gleam further knowledge from the largest OChD outbreak ever reported.
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SUBJECTS, MATERIALS AND METHODS

Study population - The study population consisted of
students, teachers and administrative personnel from a
school located in the municipality of Chacao in Caracas,
Venezuela. Once the primary case was diagnosed (Martín et al. 2009) and the epidemiological link to another
case was established (Alarcón de Noya et al. 2010c),
parasitological examinations and serological tests were
carried out in these cases, in addition to other symptomatic patients who voluntarily requested medical attention
at the Tropical Medicine Institute (IMT), Universidad
Central de Venezuela in Caracas. After the death of a
five-year-old student, most of the school community was
managed as part of an on-site emergency, both in the
school and at the hospital, where several of the patients
were hospitalised. T. cruzi infection was diagnosed by
collecting only one tube of blood for serological testing,
except for in people who were symptomatic at the time of
the interview and from whom additional blood was taken
for parasitological or molecular testing (Supplementary
data). For logistical and ethical reasons, a unique protocol could not be followed and, consequently, the results
are simply presented as they were obtained over time. It
was not possible to re-sample the blood of individuals
with positive serological tests to isolate the parasite before treatment because the treatment had to begin before
the group dispersed for the Christmas holiday.
Direct parasitological tests - Observations of the
parasite were performed using fresh blood smears as
well as Giemsa-stained preparations (WHO 2002).
Three-four thick slides per person were used for the
Giemsa procedure.
Cultures - Aliquots of 2 mL of blood samples collected by venipuncture in sodium citrate tubes were added
to bacto agar blood base (BAB) culture medium and observed every 10 days for epimastigotes. Once the cultures were found to be positive for epimastigotes, they
were transferred to liver infusion tryptose medium with
10% foetal bovine serum (Mourão & Mello 1975).
Animal inoculations - Two one-week-old mice
were inoculated with total blood intraperitoneally (0.30.5 mL) (Luquetti & Rassi 2000). In some cases, when
direct microscopic examination showed that a sample
was positive for the parasite, but the patient’s blood culture and inoculated mice were negative after a month,
the animals were sacrificed and their heart blood was
cultured again in new BAB medium (sub-cultures).
Immunodiagnosis - In all of the applied diagnostic
techniques, a delipidised antigen specific for epimastigotes was used. This antigen was validated under a national initiative by the Minister of Health (González et
al. 2005) and has been used in our laboratory for five
decades. Quality control was performed to confirm the
reactivity among different lots of antigen.
Immunoenzymatic assay - An in-house immunoenzymatic assay (ELISA) (Voller et al. 1976) was performed with the delipidised antigen specific for T. cruzi
epimastigotes and processed using Maxisorp plates, as

described by Maekelt (1960) and Díaz-Bello et al. (2008).
ELISAs involving anti-human IgM and IgG alkaline
phosphatase conjugates (Sigma Chemical Company, St.
Louis, MO, USA) were carried out simultaneously in all
sera from individuals at risk.
Indirect haemagglutination (IHA) - Previously described methods were used in the IHA procedure (Jacobs & Lunde 1957), in which the delipidised epimastigote antigen was adsorbed by fresh sheep red cells. The
IHA procedure was carried out for all individuals as a
confirmatory second test.
Western blotting (WB) - In people showing only one
positive result, WB was performed using lysates of the
T. cruzi epimastigote antigen according to the technique
described by Laemmli (1970), as modified by Noya et al.
(1995) and adapted for ChD diagnosis in our laboratory
by Zavala-Jaspe et al. (2005). Serum detection of five or
more specific molecules of the epimastigote antigen was
considered a positive result.
Polymerase chain reaction (PCR) - To preserve
DNA, 5 mL of blood was mixed with an equal volume of
6M guanidine HCl/0.2M EDTA and processed based on
previous methods described by Schijman et al. (2003).
The PCR amplifications targeted a 330-bp fragment of T.
cruzi kinetoplastid minicircle DNA (Sturm et al. 1989).
Case definition - A confirmed case of ChD is any
individual with parasites in their peripheral blood and
all individuals with at least two positive serologic tests
based on different methods (WHO 2002). Consequently, in this study, the considered oral transmission cases
include all individuals from the school, either with or
without parasitaemia, showing positive results in ELISA
(IgG/IgM) and at least one other positive confirmatory
test (IHA or WB) who had not been subjected to previous ChD transmission (WHO 2002, OPS/OMS 2006).
Patients were considered as severely ill if they had a
long-lasting high fever, facial or generalised oedema,
prostration and any cardiac complications. The mildly
symptomatic group consisted of patients with a low fever, headache, anorexia or decay.
Ethics - All of the parents/guardians of the participating minors and all of the participating adults signed an
informed consent form that was reviewed and approved
by the Ethical Scientific Committee of the IMT. We held
meetings and informational assemblies with the parents/
guardians in the school in the presence of local authorities and members of the Ethical Scientific Committee.
RESULTS

The study population was comprised of 747 students,
237 school personnel (or people who had visited the
school frequently) and 16 individuals who were related
to the family who had prepared the beverages (Alarcón
de Noya et al. 2010b).
Table I shows the results of the laboratory diagnostic
tests from the initial group of severely ill subjects who
participated in parasitological testing. T. cruzi was detected in all of the subjects by different means. Eight of
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the nine patients examined showed positive blood smears
(either fresh or stained smears) as well as positive cultures
or inoculated animals that tested positive. The one exception was patient number 8, for whom parasites were not
detected by direct examination or in his blood culture,
but when the blood from the inoculated mice was subcultured, parasites were recovered. The samples from
patients 7 and 9 were subjected to the same procedures
described above, although their blood cultures were also
positive. All of the parasitological results (parasite visualisation in fresh blood smears, cultures and inoculation
of animals) corresponded with each other for only four out
of the nine subjects.
During a field study, additional laboratory tests were
performed in 34 mildly symptomatic people (34 fresh
smears, 132 Giemsa stains, 68 inoculated mice and 34
blood cultures). All of these individuals were OChD cases who were negative for parasites, with the exception of
four positive Giemsa smears (Supplementary data).
The general sensitivity of parasitological diagnosis via fresh blood smears and patient blood cultures
was approximately the same: seven/43 (16.2%), six/43
(13.9%) for Giemsa-stained smears and five/43 (11.6%)
for inoculated mice.
Conventional serology testing was based on results
of the ELISA (IgM/IgG) and IHA tests. (Table II). A total of 119 people tested positive for IgG and of these patients, 103 presented another positive serologic test (99
showed a positive IHA result and 4 a positive WB result)
and were considered as confirmed cases of ChD. The
majority (74.7%) of the confirmed cases were younger
than 20 years of age (77 students). Sixteen subjects (8-42
years of age) were IgG positive, one was IgM positive and
all of the subjects were IHA negative (Table III). When
WB was performed in the samples from this group,
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their sera did not recognise specific molecules of the T.
cruzi antigen, but based on the epidemiological link, the
group received anti-parasitic treatment and continues to
receive clinical and laboratory follow-up testing. Consequently, to estimate the prevalence of acute cases, we
considered 103 of the 1,000 subjects examined (10.3%).
None of these individuals were concurrently positive for
IgM and negative for IgG. The IHA test was positive in
96.1% of the oral cases, appearing to be less sensitive
than the IgG immunoenzymatic assay, which detected
100% of the oral cases. Again, there were no cases showing a positive IHA test and a negative IgG test.
Finally, a random selection of 150 out of 991 subjects
was investigated to detect parasitic DNA (Supplementary
data). Forty-four subjects showed positive serological tests,
while the PCR assay detected T. cruzi kinetoplastid DNA
in 30 children and five adults (79.54% sensitivity). The
remaining 106 subjects presented PCR results that were
negative for parasitic DNA and negative serological tests
(100% specificity). The PCR test was also positive in six
out of the seven severely symptomatic individuals (Table
I). The global sensitivity of the PCR testing was 80.4% (41
PCR-positive/51 serologically positive patients).
DISCUSSION

Classical guidelines have been described for the routine diagnosis of the acute and chronic phases of ChD
(WHO 2002, 2007) and for sporadic cases (Añez et al.
1999, Morocoima et al. 2008). However, sudden and
unexpected outbreaks of OChD have to be managed
as medical emergencies. During a 16-month period in
Venezuela, massive outbreaks of OChD occurred in two
schools, one in an urban setting and the other in a rural
setting (Alarcón de Noya & Martínez 2009, Alarcón de
Noya et al. 2010b).

TABLE I
Acute Chagas disease screening in severe ill patients of the oral outbreak, Caracas, Venezuela, 2007
Diagnostic methods
Parasitologic
Mice
(days of evolution)

Blood smears
Patient
1
2
3
4
5
6
7
8
9

Age
9
55
49
34
55
23
49
44
55

Fresh Giemsa
+
+
+
+
+
+
+

+
+
-

Serologic
Blood culture

Molecular

10

20

27

36

50

Micea

Human

ELISA
IgM

ELISA
IgG

IHA

PCR

-

+
+
+
+
-

+
+
+
-

+
+
+
+
+
-

+
+
+
+
-

ND
ND
ND
ND
ND
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+

1.024
256
256
4.096
64
4.096
64
256
256

+
+
ND
ND
+
+
+
+

a: sub-cultures; Ig: immunoglobulin; IHA: indirect haemagglutination; ND: not done; PCR: polymerase chain reaction.
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The present study, as an example of an urban ChD
outbreak, allows comparison of each diagnostic method
used under the conditions described herein. Isolation of
the parasite is usually easy in the acute phase of the illness. For example, nine parasite isolates were obtained
from the severely ill groups of patients prior to treatment. During a suspicious ChD outbreak, health authorities require isolation of parasites to verify the aetiology
of the infection. A complete parasitological and immunological evaluation was performed in the initial group
of patients, confirming the aetiology of the outbreak in
an area that is non-endemic for ChD. Thereafter, only
conventional serology methods, including ELISA (IgM/
IgG) and IHA, were applied in all individuals at risk.
This choice was based on the urgent need for rapid diagnosis and treatment within a four-day-period prior
to Christmas vacation. The use of fresh blood smears,
Giemsa stains and PCR assays was restricted to a very
limited number of cases because these techniques are
considered cumbersome and time consuming in an urgent situation. Because this investigation occurred in an
elementary school, in a population represented mostly
by children, the minimum volume of blood required to
perform diagnostic screening was collected.
Examination of fresh blood smears and stained
smears is usually performed by routine clinical laboratories. These techniques detected only seven and two
cases, respectively, in the severely symptomatic group
of patients. The parasitological outcomes were different
between the severely ill group and the subset of mildly
symptomatic people in the field study. The parasitaemia
was likely lower in the second group, or the antibiotics
may have inhibited the parasite’s growth, because all
people in this group presented a misleading diagnosis.
Other parasitological assays, such as the capillary test
(Strout 1962), animal inoculations, in vitro cultures and
the time-consuming xenodiagnostic test (Luquetti &
Rassi 2000), should be utilised in reference diagnostic
centres when possible. Direct microscopic examination

of fresh specimens allows rapid visualisation of motile
T. cruzi parasites and provides an immediate idea of the
level of parasitaemia. A high level of parasitaemia is only
present in acute cases and may be the first signal of a
microepidemic. In severely symptomatic patients, fresh
blood smears were more sensitive for detecting parasites
than Giemsa-stained smears, suggesting that the former
technique should be routinely applied in people with a
long-lasting fever from an unknown cause. When T. cruzi trypomastigotes are detected in peripheral blood by
any technique during an outbreak, it is necessary for the
clinicians and personnel involved in control programs
to act rapidly and contact all of the individuals at risk
of infection to prevent morbidity and mortality. Parasite
isolates can only be obtained through in vitro culturing
or animal inoculation, both of which are more sensitive
during the acute phase. Nevertheless, these two procedures must be performed at a reference centre before
anti-parasite treatment can be initiated.
The importance of screening for specific IgM and
IgG antibodies by ELISA was demonstrated by the fact
that these tests can confirm the acute condition of the
infection. The detection of IgM was very specific in the
present study, as there were no false positives detected
compared to the results of the ELISA IgG test. Based on
findings of the epidemiological investigation, it was estimated that we intervened at the school six weeks after
exposure to the alleged inoculum, when IgG antibodies
were expected to be present in all subjects. At this time,
the IgM titres had diminished in 12.6% of the subjects.
This result was predictable, considering the kinetics of
these antibodies during the acute phase of the infection
(Janeway et al. 2001). The rapid application of the ELISA
technique for simultaneously detecting IgM and IgG allowed prompt diagnosis and administration of treatment
and thus, occurrences of morbidity and mortality were
reduced. When large acute outbreaks of OChD are suspected, conventional serological tests, which are available in basic clinical laboratories, can detect specific

TABLE II
Conventional serology for the diagnosis of Trypanosoma cruzi infection applied to all persons under risk
during the outbreak of oral transmission, Caracas, Venezuela 2007
Serological tests
Examined people
Age
n

ELISA IgG+
n (%)

ELISA IgM+
n (%)

IHA+
n (%)

Confirmed oral cases
n (%)

0-10
11-20
21-30
31-40
41-50
> 50

356
441
50
51
47
55

48 (13.5)
43 (9.8)
3 (6)
7 (13.7)
8 (17)
10 (18.2)

43 (12.1)
26 (5.9)
2 (4)
6 (11.7)
5 (10.6)
9 (16.4)

45 (12.6)
31(7)
3 (6)
5 (9.8)
6 (12.8)
9 (16.4)

45 (12.6)
32 (7.3)
3 (6)
6 (11.8)
7 (14.9)
10 (18.2)

Total

1,000 (100)

119 (11.9)

91 (9.1)

99 (9.9)

103 (10.3)

Ig: immunoglobulin; IHA: indirect haemagglutination.
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TABLE III
Immunodiagnosis patterns in 1,000 persons under risk in the
acute oral outbreak of Chagas disease, Venezuela, 2007
Conventional
serology

Oral cases

Undefined

IgG+ IgM+ IHA+

89

0

IgG+ IgM+ IHA-

1a

1

IgG+ IgM- IHA+

10

0

IgG+ IgM- IHA-

3a

15

IgG- IgM- IHA-

0

0

881

103

16

881

Total

Uninfected
0
0
0
0

a: confirmed by Western blot; IHA: indirect haemagglutination. Immunoglobulin (Ig)G and IgM detected by ELISA.

IgM antibodies, offering a rapid and inexpensive way to
discriminate between infected and non-infected people.
WB is an additional type of immunological assay
that was performed as a confirmatory test in the present study. This technique is specific, but it should not be
used routinely in the diagnosis of ChD because it is time
consuming and expensive and there is no general consensus regarding the specific diagnostic molecules.
The PCR technique applied in this study is a useful
complementary tool, especially for post-treatment follow
up. This method detected all but one of the parasitaemic
patients. It is possible that the PCR result from patient 3
was a false negative because we did not perform internal controls that would have identified problems with the
methodology, such as inhibition of PCR or loss of DNA
during the extraction process. Comparing PCR results
against a gold standard for the same sample provides an
optimal comparison of sensitivity. In the present investigation, sensitivity was achieved using the combined serological techniques as a gold standard, but the denominator (number of positive results) was different in the group
that underwent PCR testing compared with the group that
underwent blood examination, culture and animal inoculation (Supplementary data). Nevertheless, the results are
comparable because they are reported as percentages and
were carried out in the same way as the procedures that
performed in the field. The PCR analysis showed a sensitivity of 80.4%, which was higher than the in vitro culture
(16.2%) and animal inoculation methods (11.6%). During
large acute outbreaks, samples for PCR analysis must be
collected and stored at room temperature in preservation
medium to be processed subsequently. PCR not only detects parasitaemic individuals, but also enables investigators to identify the parasite lineage and the intensity of the
infection (via quantitative PCR) (Duffy et al. 2009).
The diagnosis of ChD was inconclusive in 16 individuals whose samples did not react in the second sero-
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logical confirmatory test (IHA or WB) (Zavala-Jaspe et
al. 2005) (Table III). Nevertheless, due to the epidemiological nexus and the presence of some vague and nonspecific symptoms, the entire group was treated as probable cases and received anti-parasitic drugs (Alarcón de
Noya et al. 2008); they were not treated as confirmed
cases, due to the criteria established by the guidelines of
the WHO (2002), which defines a case as any individual
with at least two positive tests out of three serologic examinations. This group of inconclusive individuals is being subjected to a careful clinical and laboratory follow
up investigation to exclude the possibility of infection.
There were a number of diagnostic lessons learned
from the management of this outbreak. These lessons
reinforce the widespread use of conventional serology
methods for IgM detection and the use of all appropriate
diagnostic techniques to detect the presence of the parasite. As pertains to this investigation and future investigations, all of the parasitological, immunological and
molecular procedures used were essential for identifying
the causal agent of the outbreak, T. cruzi, aiding in the
diagnosis of acute ChD. OChD can appear anywhere,
causing outbreaks in groups ranging from small families to large communities. Clinicians, reference centres
and ChD control programs should be aware of this new
epidemiological situation and it is essential that public
health personnel are prepared to perform a rapid integrated battery of diagnostic tests in case of an outbreak
such as the one described herein. To our knowledge, the
group investigated in this study was the largest group of
patients with orally acquired ChD examined to date and,
consequently, this study utilised the greatest number and
most diverse set of diagnostic tests.
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