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Serological diagnosis of Trypanosoma cruzi infection is hampered by issues related to test specificity due to
the cross-reactivity of most antigens with proteins of related parasites such as Leishmania spp. The recombi-
nant calflagins are considered relevant antigens for the diagnosis of infection by Trypanosoma cruzi. In the
present work, we describe two genes coding for putative calflagins in Leishmania major with the N-terminal
moieties presenting high similarity with T. cruzi genes. This fact raised questions about their role in some
cross-recognition of this antigen by sera from Leishmania spp.-infected individuals. The complete T. cruzi
calflagin and two fragments of the protein, consisting of 146 amino acids of the N-terminal and 65 amino acids
of the C-terminal regions, were expressed and evaluated against a panel of sera, which included well-
characterized samples from T. cruzi, and Leishmania-infected patients. We were able to show that sera from
Leishmania (Viannia) braziliensis-infected individuals recognized the recombinant full-length calflagin. Both
the N-terminal and the complete protein presented the same high sensitivity (98.5% of sera from T. cruzi-
infected patients was detected) but different specificities (94% and 98%, respectively, when evaluated against
sera from people not infected by T. cruzi, including 15 sera from people infected with L. braziliensis). The
C-terminal fragment presented low sensitivity (70%) but 100% specificity. We propose the use of these antigens
in two sequential assays to optimize the serological diagnosis of T. cruzi infection in humans in geographic
areas where Leishmania spp. infection is coendemic.

American trypanosomiasis (or Chagas’ disease) is an infectious
disease that is endemic in the Americas, affecting 16 to 18 million
people and putting 100 million people at risk (http://www.who.int/
ctd/chagas/disease.htm). The causative agent, Trypanosoma cruzi,
has a complex life cycle that occurs in triatomine insect vectors
and mammals, including humans (5). Since vectorial transmission
control is being practiced in several countries, one of the most
important tools to control interhuman infection is its correct
diagnosis in chronic asymptomatic blood donors (http://www
.who.int/ctd/chagas/disease.htm). In view of these facts, a variety
of T. cruzi antigens have been evaluated for enzyme-linked im-
munosorbent assay (ELISA) reactions in order to optimize the
specificity and sensitivity of serological tests.

Most antigens consisting of homogenates, subcellular frac-
tions, or complex mixtures of parasite proteins from both the
epimastigote and trypomastigote stages show good perfor-
mance in terms of sensitivity. However, frequently they have
low specificity due to cross-reactivity of some components with
proteins of other phylogenetically related protozoa, such as
those from the genus Leishmania or T. rangelli, leading to
misdiagnosis of the infection (8, 28). The search for antigens
with a defined composition became a necessity, leading to the
evaluation of a variety of native (1, 2, 9, 17, 22, 23, 30, 32, 36)

or recombinant proteins (for a review, see reference 10). One
main disadvantage, in relation to the first option, is that direct
purification of proteins from total extracts of the parasite is
generally difficult due to their low relative quantities. On the
other hand, most of the recombinant antigens were not sensi-
tive or specific enough to completely replace native antigens.

One of the most promising recombinant proteins for diag-
nosis is a T. cruzi flagellar calcium binding protein (11, 13, 15,
24, 27). It belongs to a family of proteins identified as calflagins
(37) with orthologs in several trypanosomatids, such as T. brucei
(20) and T. rangeli (27). Interestingly, no Leishmania orthologs
have been described up to now. Several studies on the diag-
nostic profile of this recombinant protein identified its use as a
valuable antigen for the serological detection of the infection
in the indeterminate phase (14, 18, 25, 34, 35) and for therapy
evolution follow-up (33). Several works also established that
sera from Leishmania spp.-infected individuals have low levels
of cross-reactivity with T. cruzi calflagins (14, 34, 35). Further,
this cross-reactivity constitutes a relevant point due to the
existence of geographic overlaps of the endemic areas for both
infections (http://www.who.int/ctd/chagas/disease.htm).

In the present work, we identified in the Leishmania major
genome database two genes coding for putative calflagins. The
alignment of the deduced protein sequences showed an N-
terminal region with high similarity to T. cruzi calflagin. This
fact would explain some cross-reactivity of the Leishmania
patient sera, as previously reported. In order to approach this
question, we expressed the recombinant full-length calflagin
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(rC29) from T. cruzi as well as an N-terminal and a C-terminal
portion and evaluated these peptides as antigens for diagnosis
against a serum panel. We established that the use of two se-
quential serological assays, based on the complete calflagin and
the C-terminal portion of the protein, could well result in an
optimized routine for specific T. cruzi antibody detection in geo-
graphic areas where Leishmania spp. infections are coendemic.

MATERIALS AND METHODS

Chemicals. All reagents were purchased from SIGMA (Saint Louis, Mo.)
except where otherwise indicated.

Parasite cultures and total homogenates. Epimastigotes of Trypanosoma cruzi
(Tulahuen strain) were grown in liver infusion tryptose medium supplemented
with 10% fetal calf serum (Cultilab, São Paulo, Brazil) (7). Total homogenates of
epimastigotes (TH) were obtained by resuspension of the washed cells in five
volumes of 1 mM N�-p-tosyl-L-lysine chloromethyl ketone and 1 mM phenyl-
methylsulfonyl fluoride (PMSF) in distilled water, freeze and thaw (four cycles),
and sonication (20 kHz, 30 W, 2 min).

Calflagin cDNA. The calflagin cDNA used in this work was obtained as
previously described (21).

Sequencing. Plasmids were sequenced by the dideoxy chain termination
method (29) using the BigDye Terminator kit v. 3.1 (Perkin Elmer, Foster City,
CA) as described by the manufacturer’s protocol. The reaction was read in an
ABI Prism 377 automated DNA sequencer (Perkin Elmer).

Expression vector engineering. Recombinant DNA techniques were per-
formed using conventional protocols (3). Molecular biology reagents were pur-
chased from Promega (Madison, WI). The full-length calflagin cDNA (C29
gene) was cloned in the EcoRI site of plasmid pMAL c2 (NEB, Beverly, MA),
and this construction was named pMAL/C29FL. In order to express two frag-
ments from the C29 gene, the pMAL/C29FL vector was digested with SalI,
liberating a fragment of the gene coding for the 65 C-terminal amino acids. The
digested plasmid was ligated again containing a fragment of the C29 gene coding
for the 146 N-terminal amino acids of the protein. The excised fragment, coding
for the 65 C-terminal amino acids, was subcloned in the SalI position of
pMAL c2. Both constructions (named pMAL/C29N and pMAL/C29C, respec-
tively) were used to transform Escherichia coli DH5�. The constructions were
confirmed by PCR, restriction analysis, and sequencing. With pMAL/C29FL,
pMAL/C29N, and pMAL/C29C plasmids, the complete C29 protein as well as a
C-terminal portion and a N-terminal portion were produced as fusions with the
maltose binding protein. pMAL c2 plasmid was used to produce maltose binding
protein (MBP) as a control.

Protein expression. E. coli single colonies containing the plasmids correspond-
ing to each of the described constructions were grown in Luria-Bertani (LB)
medium plus 0.1 mg/ml ampicillin overnight at 37°C, with agitation. The cultures
were diluted 1:100 in fresh LB and incubated to an optical density at 600 nm
(OD600) of 0.7. Expressions were induced with the addition of isopropyl-�-D-
thiogalactopyranoside (Promega) at a final concentration of 1 mM. The cells
were harvested by centrifugation after 3 h of induction.

Purification by affinity to amylose. All other reagents in this section were from
SIGMA. Cells were lysed by sonication (20 kHz, 30 W, 2 min) in the presence of
1 mM EDTA, 1 mM PMSF, 150 mM NaCl, 10 mM Tris-HCl, pH 8. The extracts
were clarified by centrifugation at 16,000 � g for 10 min and applied to the
column containing 1 ml of amylose-Sepharose resin (NEB, Beverly, MA). The
column was washed with 10 column volumes of 1 mM EDTA, 1 mM PMSF, 150
mM NaCl, 10 mM Tris-HCl, pH 8. The fusion protein was eluted by adding 10
column volumes of elution buffer (10 mM maltose, 1 mM EDTA, 150 mM NaCl,
10 mM Tris-HCl, pH 8). The fractions were recovered, and the presence of the
recombinant protein in each sample was determined by absorbance at 280 nm
and by ELISA with specific antibodies.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
The samples were resuspended in loading buffer, subjected to SDS–12%
PAGE (50 �g/lane), and stained with Coomassie brilliant blue according to
Laemmli (19).

ELISA. Total protein concentration was determined by using the Bradford
method described elsewhere (4). Microtiter plates (Costar, Cambridge, MA)
were sensitized with 1 �g of TH or the recombinant antigens, contained in a
100-�l solution of phosphate-buffered saline (PBS) (137 mM NaCl, 2.7 mM KCl,
1.4 mM NaH2PO4, 4.3 mM Na2HPO4, pH 7.4). The plates were incubated
overnight at 4°C, washed three times with 0.01% Tween in PBS (PBS-T), and
blocked for 1 h at 37°C with 1% bovine serum albumin in PBS. Microplates were

incubated with different dilutions of sera (as stated in each case) in 1% low-fat
milk in PBS. After being washed, they were incubated with anti-rabbit immuno-
globulin G-peroxidase conjugate (Sigma, St. Louis, MO) diluted 1/1,000 in 1%
milk in PBS. The reaction was developed using tetramethyl benzidine (TMB) in
H2O2. All incubations were performed at 37°C for 60 min. Absorbances were
read at 450 nm.

Human sera panel. Sixty-eight human sera samples characterized as positive
(T) and 33 were characterized as negative (N) for the chagasic infection were
obtained from blood bank asymptomatic donors. The T. cruzi infectious status
was determined by using two different conventional tests: commercial ELISA
(Chagatest ELISA) and indirect hemagglutination (Chagatest IHA), from
Wiener (Rosario, Argentina), both of them based on epimastigote total homog-
enate antigens. Their serological status was established by the gold standard
criteria: any sample was considered positive or negative based on concordant
results from both reactions (16). All (N and T) individuals were negative for
syphilitic infection and were also serologically negative for human immunodefi-
ciency virus as well as hepatitis B and C. Fifteen sera from individuals infected
with Leishmania (Viannia) braziliensis (L) were obtained from patients recruited
at the Centro de Pesquisas Aggeu Magalhães, Fundação Oswaldo Cruz, Recife
PE, Brazil, with clinical manifestations of cutaneous leishmaniasis. All of them
are from a region where L. braziliensis is endemic (Pernambuco State, Brazil) (6),
and were defined as epidemiologically negative for T. cruzi infection, since there
are no reports of the presence of the insect vector or cases of infection. These
patients have never been in contact with T. cruzi insect vectors nor traveled to
areas where T. cruzi is endemic, and none of them have been submitted for blood
transfusion or organ grafting.

Data analysis. The data obtained as optical densities at 450 nm (OD450) were
analyzed using computer graphics software (Microcal Origin 5.0). The cutoff
values for ELISA were calculated as the mean OD450 of the true negative sera
plus 3 standard deviations (SD). Positive and negative results in the ELISA tests
were compared with the serologic status obtained by the respective reference
technique, as described above. The statistical significances for comparisons
among mean OD values were evaluated by the Student t test.

Sequence analysis and nucleotide sequence accession number. The nucleotide
sequence for rC29 has been deposited in the GenBank database under the
accession number AF192890. Leishmania major genes reported in this work were
deposited in the Sanger Center L. major genome database under systematic
names LmF16.0910 and LmF16.0920. Using BioEdit Sequence Alignment Editor
v. 7.0.1 with default parameters, we performed the translation and alignment of
sequences.

RESULTS

Some data in the literature indicate that the cross-reactivity
of sera from Leishmania spp.-infected individuals when using
recombinant calflagin to diagnose the infection of Chagas�
disease might be a relevant problem in regions defined as
coendemic for both pathogens (14, 34, 35). A BLAST search
using the T. cruzi calflagin amino acid sequence against the
translated L. major genome project database at the Sanger
Center (www.genedb.org) revealed two putative calflagins that
may represent orthologous genes for the calcium binding pro-
tein (the systematic names at the Sanger Center L. major
genome database are LmF16.0910 and LmF16.0920). Both
proteins diverge from the T. cruzi calflagin in the extension of
the N-terminal region, such that those from T. cruzi are larger
than those from Leishmania. In spite of this difference, we
were able to detect a block of amino acids between positions
110 and 149 with a high similarity, where the region corre-
sponding to positions beyond 150 were more divergent (Fig. 1).

In view of this fact, we took advantage of the presence of the
two SalI restriction sites on each side of the calflagin gene and
an internal site at position 146 to generate a plasmid able to
express the 146 N-terminal amino acids of the protein (dotted
line in Fig. 1) and the 65 C-terminal amino acids (continuous
line in Fig. 1).
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The expressions of each recombinant protein (rC29FL,
rC29N, and rC29C) were established. The total extracts of the
induced bacterial cultures were subjected to SDS-PAGE and
stained with Coomassie. In all cases, predominant bands were
observed with their respective molecular weights correspond-
ing to those expected for the fusion proteins. The correspond-
ing noninduced cultures were also subjected to SDS-PAGE as
controls (data not shown). The recombinant proteins were
purified through amylose-Sepharose resin affinity chromatog-
raphy for bacterial extracts. Fractions corresponding to protein
peaks were submitted to SDS-PAGE to evaluate the acquired
protein quality. The major bands in the E. coli extracts were
purified to apparent homogeneity (Fig. 2).

To exclude nonspecific reactivity against maltose binding
proteins (MBP), we established the conditions of use for rC29
or its fragments fused to MBP for ELISA with human sera by

comparing the performance of the rC29FL fusion protein with
that of MBP alone. ELISA microplates were sensitized with
different quantities of either rC29FL fusion protein or MBP.
Both proteins were tested in parallel in order to optimize the
reaction conditions for ELISA. Reactivity was evaluated by
means of four well-characterized human sera, collected from
infected and noninfected individuals. One of the positive sera
was characterized as highly reactive, while the other was char-
acterized as weakly reactive. The negative sera were charac-
terized as strong and weak negative sera on the basis of their
reactivity against T. cruzi total homogenate antigen. When the
plates were sensitized with 1 �g of MBP, unspecific absorben-
cies in the assays were over 0.3 OD450 while negative sera were
over 0.15 OD450. When plates were sensitized with 0.5 �g/well
or less, nonspecific reactivity of positive and negative sera
diminished to around 0.05 OD450. However, when the micro-
plates were sensitized with less than 0.01 �g, the signal/noise
ratio for the fusion protein diminished by approximately 50%
for the highly reactive positive serum and 30% for the weakly
reactive serum (Fig. 3).

On the basis of the appropriate conditions for ELISA estab-
lished above, we evaluated the performance of the three re-
combinant antigens here described (rC29FL, rC29N, and
rC29C) and compared them with a complex mixture of proteins
from T. cruzi epimastigotes (TH extract). The results obtained
show that among the antigens that were evaluated in this work,
rC29N displayed the best performance for T. cruzi infection
diagnosis when a subpopulation of individuals infected with

FIG. 1. Alignment of the T. cruzi calflagin (Tz) and Leishmania major
putative calflagins (LmjF10 and LmjF20). The dotted line marks the
sequence of rC29N, and the continuous line marks the sequence of rC29C.

FIG. 2. Expression and purification of the different constructions by
SDS-PAGE. (A) MBP; (B) C29FL; (C) C29N; (D) C29C. In each case,
lane 1 corresponds to whole lysates and lane 2 to purified proteins.

FIG. 3. Optimization of the fusion construction to be used for ELISA
serological assay. The reactivity of four well-characterized sera against
different concentrations of rC29FL (A) and maltose binding protein
(B) was represented. The sera used were previously characterized as
highly reactive (A), weakly reactive (B), strongly negative (with low un-
specific reactivity) (C), and weakly negative (negative but presenting high
background) (D) with respect to their reactivity against TH.
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L. braziliensis is represented in the serological panel (Fig. 4).
As can be seen in Fig. 4 and Table 1, TH displayed 100%
sensitivity (the antigen was recognized by all the T sera), since
no false-negative results were detected. Interestingly, 100%
specificity was also observed when the healthy population of
our panel (N sera) was considered. When the sera from pa-
tients infected with L. braziliensis (L sera) were included in the
analysis, most of them behaved as reactive when using this
system, giving rise to false-positive results and diminishing the
specificity. As expected, the results in terms of specificity were
best when rC29FL was used as antigen, but it must be remarked
that 3 out of 15 L sera remained reactive. The serum corre-
sponding to a T. cruzi-infected patient (T sera) was not de-
tected as positive when using this ELISA test. When rC29C was
evaluated, 100% specificity was obtained when including L
sera; however, the sensitivity was poor (70%).

The performance of the recombinant antigens against sera
that could have given rise to false-positive results can be in-
ferred from a statistical comparison of panel sera behavior
against the three recombinant proteins herein evaluated. The
mean OD values and their distribution for the three groups
and for the three antigens were analyzed (Table 2). When
protein rC29FL or rC29N was used as antigen, the mean OD
values obtained for the T sera and the T. cruzi-negative sera
(N sera) were similar. However, L sera showed a diminished
reactivity when tested against rC29N with respect to rC29FL

(the mean OD value was 0.514 for rC29N and 0.650 for
rC29FL). The distribution pattern of the OD values, when
rC29C was used as antigen, was different from that presented
with rC29FL and rC29N antigens. When the mean OD values
obtained for N and L sera against the three antigens were
compared, it was determined that L sera recognized rC29FL

and rC29N in a nonspecific way with respect to the recognition
of N population (P � 0.001). Interestingly, when N and L

FIG. 4. Evaluation of the reactivity of sera in the panel against rC29FL, rC29N, rC29C, and TH. The scatter plots represent the reactivity in
ELISA against the different antigens evaluated with respect to the cut-off value defined as the mean OD of N sera plus 3 SD (OD/cutoff ratio)
in each case. T, sera of patients infected by T. cruzi; N, sera of patients not infected either by T. cruzi or by Leishmania spp.; L, sera of patients
infected by Leishmania spp. but not infected by T. cruzi.

TABLE 1. Sensitivity and specificity values for rC29FL, rC29N,
rC29C, and TH antigens against the different subpopulations

of sera in the panel

Criterion rC29FL (%) rC29C (%) rC29N (%) TH (%)

Sensitivitya 98.5 70 98.5 100
Specificityb 94 100 98 73
Specificityc 100 100 100 100
Specificityd 80 100 93.5 13

a No. of T sera, 68.
b Including 33 N sera and 15 L sera.
c Only 33 N sera (without L sera).
d Only 15 L sera (without N sera).

TABLE 2. Comparisons among the OD values obtained for the
three groups of sera assayed with the three recombinant antigens

ODs and P value rC29FL rC29C rC29N

Mean OD for T sera 1.734 0.590 1.641
Mean OD for N sera 0.278 0.199 0.266
Mean OD for L sera 0.650 0.191 0.514
Comparison between the

OD values corresponding
to L sera and N sera
(95% of confidence)

0.372 � 0.051 0.0086 � 0.0199 0.248 � 0.050

P value �0.0001 0.6675 �0.0001
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populations were evaluated against rC29C, the differences be-
tween these two groups were not significant (P � 0.667).

DISCUSSION

Calflagin is the name given by Wu et al. to a group of
flagellar calcium binding proteins present in most trypanoso-
matids (37). The function of this protein remains largely un-
known, but it has been hypothesized that it participates in an
acyl-calcium switch system (12), and this proposal is supported
by experimental data showing a Ca2�-dependent conforma-
tional change (26). Since it was cloned for the first time, its
utility in the diagnosis of T. cruzi infection has been well es-
tablished (14, 18, 25, 33–35), including the possibility of using
its gene sequence for PCR diagnosis (31). The rapid reduction
of antibodies against calflagin in patients that respond to
trypanocidal treatment has also been demonstrated, indicating
that calflagin may be used in therapy follow-up (33). It is worth
emphasizing that several isoforms of calflagin were tested, by a
number of research groups (14, 18, 25, 34, 35), against panels
of sera, including samples from Leishmania spp.-infected pa-
tients. In all these studies, the authors detected low levels of
cross-reactivity for the sera from patients infected by Leishman-
ia. However, Passos et al. reported that the reactivity of patient
sera against this protein in a geographic area that was coen-
demic for T. cruzi and Leishmania spp. infections were signif-
icantly higher than the prevalence of chagasic infection (25).
These authors determined the reactivity percentage of 335 sera
from patients presenting clinical manifestations of cutaneous
and mucocutaneous leishmaniasis. The percentage of positive
samples in immunofluorescence, hemagglutination, ELISA us-
ing T. cruzi crude extract, and ELISA based on an isoform of
calflagin were 46, 26, 12, and 6.9%, respectively. The data
indicated that ELISA with calflagin was the most specific.
Nevertheless, the prevalence of T. cruzi infection in the popu-
lation studied had been determined to be 2 to 4.5%, below the
6.9% seroprevalence value obtained with ELISA using this
antigen. The authors speculated that this fact might be due to
a cross-reactivity of part of the sera from Leishmania spp.-
infected individuals with calflagin.

On the basis of these results, we hypothesized the presence
of orthologous genes for this protein in Leishmania. In fact, a
BLAST search revealed the presence of two sequences that
present similarities of 73 to 75% with T. cruzi calflagins and
included highly conserved regions. Based on this fact and on
the availability of appropriate restriction sites in the starting
construction for expressing the full-length protein, we pre-
pared two constructions: one to express the 146 N-terminal
amino acids (rC29N) and the other to express the 65 C-termi-
nal amino acids (rC29C).

The constructions were expressed as fusions to the E. coli
MBP and purified by affinity chromatography. A comparative
assay using the MBP alone or the rC29FL allowed us to estab-
lish the conditions for ELISA with human sera in which the
MBP fused to the antigen of interest showed minimal inter-
ference.

Finally, the three recombinant proteins as well as a total
extract of epimastigote proteins were assayed on a pilot scale
against a human serum panel that included sera from L. bra-
ziliensis patients. The results herein presented are in agree-

ment with previous reports establishing that calflagin as a
whole molecule behaves as a sensitive antigen, and it may be
specific in regions where infection by Leishmania spp. is not an
endemic problem (specificity, 100%). However, some specific-
ity problems were detected when a population infected with
L. braziliensis is represented (specificity, 94%, with this value
calculated from 1/5 of the L sera). When rC29C was evaluated,
the specificity value was 100% but the sensitivity was unsatis-
factory (70%). The rC29N antigen presented the same level of
sensitivity as the whole protein, but the specificity values, in
spite of having been optimized, were still considered unsatis-
factory (98% when including L sera). When taken together,
these results led us to propose the diagnosis optimization of T.
cruzi infection in areas where Leishmania spp. is endemic by
designing a sequential two-step diagnosis routine. To this end,
whole calflagin could be used as a first screening test and
rC29C as a confirmatory assay to discard false-positive cases
due to Leishmania spp. The antigen rC29N, which shows higher
specificity than the whole protein, could be used for the diag-
nosis of T. cruzi infections from areas where Leishmania is not
endemic, where the probability of the occurrence of false pos-
itives does not justify the use of a confirmatory assay.

In conclusion, Leishmania presents orthologous genes in
relation to T. cruzi calflagin. The putative proteins appear to be
responsible for the positivity of T. cruzi antigen in sera from
L. braziliensis patients. In preliminary evaluations, we were
able to successfully identify a subregion of the flagellar calcium
binding protein of T. cruzi that resulted in a 100% specific
antigen for the diagnosis of the T. cruzi infection in humans,
which shows improved specificity over the whole protein. De-
spite being an optimized antigen, in terms of diagnosis speci-
ficity we considered that it was not specific enough to propose
its use as a single criterion for the diagnosis of T. cruzi infection
in areas where Leishmania spp. are endemic. For these regions,
we propose a two-step diagnostic routine for the specific de-
termination of chagasic infection: the use of the whole calflagin
as a first screening test for positive serology and rC29C as a
confirmatory assay to discard false-positive cases due to Leish-
mania spp. infections. This proposal will be further evaluated
by using a larger panel of sera in order to validate “in the field”
the two-step diagnostic routine.

The strategy for optimizing the serological diagnosis of
T. cruzi infection herein described, together with the analysis of
the influence of the expression system on the diagnostic profile
(21), may be applied to other proteins with high sensitivity and
low specificity. This could lead to the engineering of synthetic
genes to be expressed in defined systems whose products may
result in optimized systems for the serological diagnosis of
T. cruzi infection.
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