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Abstract.

The discovery and characterization of novel parasite antigens to improve the diagnosis of Trypanosoma

cruzi by serological methods and for accurate and rapid follow-up of treatment efficiency are still needed. TcTASV is a
T. cruzi-specific multigene family, whose products are expressed on the parasite stages present in the vertebrate host. In
a previous work, a mix of antigens from subfamilies TcTASV-A and TcTASV-C (Mix A + C) was sensitive and specific to
identify dogs with active infection of high epidemiological relevance. Here, TcTASV-A and TcTASV-C were assayed
separately as well as together (Mix A + C) in an ELISA format on human samples. The Mix A + C presented moderate
sensitivity (78%) but high diagnostic accuracy with a 100% of specificity, evaluated on healthy, leishmaniasic, and
Strongyloides stercoralis infected patients. Moreover, antibody levels of pediatric patients showed—2 years post-
treatment—diminished reactivity against the Mix A + C (P < 0.0001), pointing TcTASV antigens as promising tools for

treatment follow-up.

Chagas disease, caused by Trypanosoma cruzi, is a major
public health problem in Latin America, where the disease is
endemic and 5.7 million people are estimated to be infected.
The WHO highlighted the need to improve the diagnostic
methods currently available both for initial diagnosis and
follow-up after treatment.? Conventional serology (usually,
ELISA and indirect hemagglutination assay (IHA) using para-
site crude extracts) is often used to follow up the response to
etiological treatment, being the negativization the accepted
criteria of cure. However, antibody levels against epitopes of
parasite antigens present in complex mixtures can persist for
long periods of time, even after the parasite has been elimi-
nated (or is believed eliminated) (children: ~5 years and adults:
> 20 years after treatment).® Other alternatives to measure
treatment effectiveness include polymerase chain reaction
(PCR)-based techniques (more useful to confirm therapeutic
failure or drug resistance than to evaluate an accurate re-
sponse to treatment) and the analysis of biochemical and
immunological biomarkers (antibodies against host or parasite
antigens, cytokines).*® Particularly, some trypomastigote-
specific antigens (i.e., TSSA (ACY54510), Tc13Tul (AF091620),
trans-sialidase, KMP11, and SAPA) have been evaluated for
follow-up treatment effectiveness, with variable outcomes.®°
The use of T. cruzi-specific antigens would avoid, in addition,
potential serum cross-reactivities with shared epitopes between
related kinetoplastid parasites with overlapping endemic areas.
However, the heterogeneity in methodologies and scarce data
evaluating specificity and sensitivity of assays using these bio-
markers prevents their implementation in clinical practice.*
Further studies are necessary to identify novel markers for con-
clusive and early follow-up of treated patients, and to improve
existing ones. lIdeally, these novel biomarkers should be
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indicative of active infection and its signal should disappear or
suddenly drop, shortly after etiological treatment.

The TcTASV protein family of T. cruzi, discovered a decade
ago, has no orthologues in related trypanosomatids and is
mainly expressed in the trypomastigote stage.'"'? According
to the length and sequence of the central region, four TCTASV
subfamilies can be defined, TcTASV-A and TcTASV-C being
the most abundant.'® TcTASV-C subfamily is expressed at the
surface, secreted and highly abundant on bloodstream
trypomastigotes.’'* On the other hand, TcTASV-A has an
intracellular localization and is expressed both in trypomasti-
gotes and amastigotes.' In a previous work, we demon-
strated that an ELISA using an antigenic mixture of TcCTASV-A
and TcTASV-C (Mix A + C) resulted in a promising tool to
detect infection in dogs, the most epidemiologically relevant
domestic reservoir in endemic areas.'® The Mix A + C resulted
in high sensitivity (94%) and specificity (100%) in dogs with
evidence of infection by xenodiagnosis and/or PCR (in addi-
tion to serology), therefore probably coursing an active in-
fection.’ Here, we describe the performance of these
antigens to detect T. cruzi infection in humans and its utility for
the follow-up of pediatric patients after treatment.

ELISA assays were carried out with recombinant TcTASV-A
(CBI68031.1 [GenBank]; amino acids 37-173) and/or
TcTASV-C (Tcruzi_1863-4-1211-93 [ORF at tritrypdb.org];
amino acids 65-330)'2 genes that were cloned as glutathione
S-transferase fusion proteins, and expressed and purified as
described previously.®'®

We first evaluated the performance of TCTASV-A, B, and C
antigens separately and the Mix A + C, on an ELISA format, on
312 human samples (T. cruzi infected: Tc+, N = 172; T. cruzi
negative: Tc—, N = 140) (Table 1). TcTASV-B was unsuitable to
discriminate between infected and non-infected humans, as
previously observed in dogs.'® ELISAs with TcTASV-A and
TcTASV-C obtained sensitivities of 66% and 39%, re-
spectively. Considering that most of the evaluated sera pro-
ceeded from chronically infected individuals and that
TcTASV-A is expressed in amastigotes (stage of the parasite
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TaBLE 1
Diagnostic performance of TcTASV-ELISA
ELISA Sensitivity, positive/total [95% Cl] Specificity, positive/total [95% CI] AUC ROC,* cutoff [95% CI]
TcTASV-A 66%, 114/172 [57-73] 100%, 0/140 [97-100] 0.89, 1.768 [0.86-0.93]
TcTASV-B 2%, 3/172 [0-8] 100%, 0/140 [94-100] 0.62, 3.839 [0.53-0.72]
TcTASV-C 39%, 67/172 [32-47] 100%, 0/140 [97-100] 0.83, 1.643 [0.79-0.88]
Mix A + C 78%, 134/172 [71-84] 100%, 0/140 [97-100] 0.94, 1.425[0.91-0.97]

The cutoff was selected through ROC curves to allow maximum sensitivity for a 100% specificity. ™ Sera from infected patients (Tc+, N = 172) were positive at least with two commercial serological
tests (lysate/recombinant-ELISA and/or IHA). Sera from patients without Trypanosoma cruzi infection (Tc—, N = 140) included healthy (N = 47), leishmaniasic (N = 73), and Strongyloides
stercoralis-infected (N = 20) individuals. Origin of Tc+ samples: endemic areas in Argentina (N = 82, Salta Province; N = 80, Chaco Province) and Bolivia (N = 10). Sera from Salta Province and Bolivia
were gently provided by Asociacién para el Desarrollo Sanitario Regional (Buenos Aires Province) Foundation. Sera from Chaco Province were collected during cross-sectional studies in different
rural settlements.'” Sera from patients without T. cruzi infection were from the collection of serum samples of the “Cétedra de Quimica Biolégica” and/or “Instituto de Investigaciones de
Enfermedades Tropicales,” National University of Salta. The protocol was approved by the Bioethics Committee; Faculty of Health Sciences, National University of Salta, Argentina.

*AUC ROC interpretation: values between 0.5 and 0.7 indicate low accuracy, between 0.7 and 0.9 indicate moderate accuracy and may be useful for some purposes, and greater than 0.9 indicate

high accuracy.

preponderant in the chronic phase) a higher reactivity against
TcTASV-A than against TcTASV-C is reasonable. The combi-
nation of both subfamilies in the antigenic Mix A + C gave the
highest sensitivity (78 %), with an area under the curve receiver
operating characteristic (AUC ROC) of 0.94, which indicates a
high diagnostic accuracy to discriminate infected from healthy
individuals (Table 1, Figure 1). As observed for other proteins,®'®
the sensitivity is improved when TcTASV-A and TcTASV-C are
combined in an antigenic mixture versus its individual use. The
specificity was maximum, considering that it was evaluated not
only in healthy controls but also in leishmaniasic patients and in
patients with strongyloidiosis, coendemic affections with Cha-
gas in northern Argentina and Latin America.

Next, the response to treatment in children was followed up
by measuring the antibody response against the Mix A + C in
serum samples from children (aged 3-15 years old) from two
settlements in Chaco Province (Pampa Avila and Tres Esta-
cas), Argentina. These samples came from a previous study,
where patients treated with a standard scheme of benznida-
zole were followed up serologically by recombinant ELISA and
IHA (Wiener Labs)."” Thirty-one of these 57 sera were available
at the collection of the “Catedra de Quimica Bioldgica,”
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National University of Salta to be tested in our study. Of these,
28/31 (90%) were TcTASV positive at TO (pretreatment) and
75% (21/28) showed some degree of variation in antibody
levels, which indicates treatment impact (decrease greater
than 30%)° (Figure 2). Importantly, seven of these patients
showed seroconversion. Considering that the effectiveness of
treatment in most of pediatric patients is well documented,'®
diminished reactivity against the Mix A + C was the expected
scenario for a good biomarker antigen. In both settlements,
the decrease in antibody reactivity against the Mix A + C was
evidenced from 2 years after treatment (TO versus T1;
Figure 2B). In Tres Estacas, antibody levels continued de-
creasing 5 years after treatment (T2). Although our results do
not completely agree with those reported by Monje Rumi et al.
(two patients seroconverted and four with significant decrease
of antibody titers at T2 [5 years after treatment]),’” it is worth
mentioning that those assays were carried out with a com-
mercial kit that includes several T. cruzi-recombinant anti-
gens. Indeed, all but one of the patients that previously
showed treatment impact (TE1, TE6, TE7, TE10, TE12, and
TE14) also presented diminished reactivity against TCTASV
antigens after treatment (Table in Figure 2B).
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Ficure 1. Reactivity of sera from Trypanosoma cruzi-infected and control patients against TCTASV antigens. Sera were assayed in duplicate and
the ratio optical density (OD)rcrasv/ODgst Was calculated.'® Then the ratio of each serum was relativized to the cutoff value as: Ratio,e = Ratio/
cutoff. Samples were considered positive when the value of the Ratio,, was equal to or greater than 1, and negative when the value of the Ratio, was
less than 1. Normal distribution of data was tested using the Shapiro-Wilk normality test (P < 0.05). Differences between the groups of positive and
negative control sera were evaluated through the Mann-Whitney U test (P < 0.05). GST = glutathione-S-transferase.
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Ficure 2. Follow-up of treated children using Mix A + C-ELISA. Patients from rural settiements “Tres Estacas” and “Pampa Avila,” Chacabuco
Department, province of Chaco, were included in this study. In “Pampa Avila” blood samples were collected before treatment (T0; 2007) and 2 years
after treatment (T1; 2009); in Tres Estacas, blood samples were taken before treatment (TO; 2004) and 2 and 5 years after treatment (T1; 2006 and T2;
2009). (A) Pre- and posttreatment reactivity against Mix A + C—-ELISA of all treated children. (B) Individual follow-up of anti-TcTASV antibody levels
after treatment in each settlement. The degree of variation (%) was calculated as: ([Final Abs-Initial Abs)/Initial Abs) x 100.'® A negative sign in the
percentage indicates a decrease in posttreatment antibody levels, whereas a positive sign indicated an increase. | = patients who seroconverted. A
decrease greater than 30% with resgect to TO is considered a positive therapy impact®; a decrease greater than 75% in antibody levels is indicative
of a tendency to seroconversion.® Differences between pretreatment and posttreatment reactivity were evaluated by the paired comparison
Wilcoxontest (P <0.05). NR = indicates sera that were not reactive by Mix A + C-ELISA at TO. R = sera that showed a significative reduction in titers or
S = seroconverted by ELISA, as previously evaluated by Monje-Rumi et al.'”

Previous studies have also evidenced a faster decrease in activation of B lymphocytes than the classical antigens of the
antibody titers against recombinant antigens of the trypo- parasite’ surface that can act as mitogens or superantigens
mastigote stage compared with conventional serology,'®® causing hypergammaglobulinemia (e.g., the repetitive anti-
although not every individual antigen was appropriate as a gen, SAPA). Although numerous biomarkers of treatment ef-
serological biomarker. Indeed, Sanchez Negrette et al.?° re- fectiveness have been described, none of them has been
ported that some trypomastigote-specific antigens may validated yet in replacement of standard serological tech-
cause a persistent humoral response, whereas certain others niques. The decrease of anti-TcTASV antibodies posttreat-
showed faster decrease of antibody titers (i.e., antigen 13 and ment could reflect either the true elimination of the parasite ora
SAPA versus antigens 2 and 30) in adult patients. Here, we significant decrease of parasitic load and parasitemia and,
focused on TcTASV antigens that, in light of the promising therefore, be a short-term indicator of treatment success. In
results observed 2 years after treatment with the Mix A + C, summary, the results presented here strongly suggest that the
seem to belong to the first group (rapid decrease). As men- mixture of TcTASV-A and TcTASV-C should be considered
tioned, TcTASV-C is an exclusive protein of the surface of among the outstanding candidate antigens for monitoring
trypomastigotes, whereas TcTASV-A has an intracellular lo- treatment in children with chronic infections. Despite the Mix
calization, expressed both in trypomastigotes and amasti- A+ C presented a moderate sensitivity as diagnostic antigens,
gotes.' In addition, as TCTASV proteins have no repetitive its strength lies in its excellent performance as a biomarker for

sequences, we hypothesize that they produce lower treatment follow-up.
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