
Contents lists available at ScienceDirect

Journal of Immunological Methods

journal homepage: www.elsevier.com/locate/jim

Research paper

Laboratorial algorithm for serological diagnosis of visceral leishmaniasis
using rK39-ICT, DAT-LPC and FC-Simplex IgG1

Isabela Natália Pascoal Campos do Valea, Juliana Wilke Salibaa,
Giuliana Schmidt França Fonsecab, Vanessa Peruhype-Magalhãesa, Fernanda Fortes de Araújoa,
Marcelo Antônio Pascoal-Xaviera, Andréa Teixeira-Carvalhoa,
Fernanda Magalhães Freire Camposa, Mariléia Chaves Andradec, Jamille Fernandes Lulac,
Alexandre Barbosa Reisd, Elenice Moreira Lemosb, Sílvio Fernando Guimarães de Carvalhoc,
Edward Oliveiraa,1, Olindo Assis Martins-Filhoa,⁎,1

a Instituto René Rachou – Fundação Oswaldo Cruz – FIOCRUZ-Minas, Belo Horizonte, MG, Brazil
bUniversidade Federal do Espírito Santo, Vitória, ES, Brazil
cUniversidade Estadual de Montes Claros, Montes Claros, MG, Brazil
dUniversidade Federal de Ouro Preto, Ouro Preto, MG, Brazil

A R T I C L E I N F O

Keywords:
Visceral leishmaniasis
Laboratorial diagnosis
DAT-LPC
FC-Simplex IgG1

A B S T R A C T

The performance of distinct serological tests (rK39-ICT, IFAT, DAT-LPC, FC-Simplex IgG1) was assessed and a
laboratorial algorithm was proposed for accurate diagnosis of VL. DAT-LPC and FC-Simplex IgG1 showed out-
standing accuracy (AUC = 0.93) to identify VL patients. The use of a sequential serological algorithm (rK39-ICT
screening followed by DAT-LPC or FC-Simplex IgG1) improved the global accuracy for VL (97.2%) diagnosis. An
alternative approach for diagnosis of VL has been also assessed for interchangeable use of serum/whole blood
lysate samples in DAT-LPC and FC-Simplex IgG1. Our data showed an outstanding agreement for the results
obtained with whole blood lysate samples as compared to serum samples (DAT-LPC =100%; FC-Simplex
IgG1 = 99%). Together, these findings provide insights to improve the current overall accuracy of VL diagnosis
and present innovative laboratorial tests and alternative samples from use in public health services.

1. Introduction

Visceral Leishmaniasis (VL) is a tropical disease of neglected po-
pulations caused by Leishmania donovani complex which is transmitted
to human and animals by the bite of phlebotomine sand flies. VL is
endemic in five continents, with 500,000 new cases per year worldwide
(WHO, 2018). The disease is more prevalent in ten countries: Ethiopia,
Kenya, Somalia, Sudan, South Sudan, Uganda, Nepal, India and Brazil
(WHO, 2018). In Brazil, the disease is caused by Leishmania (Leish-
mania) infantum and, approximately 3749 cases have been reported
annually, however sub notifications are observed in endemic countries
(Lemos et al., 2007; MoH, 2018; PAHO, 2018).

The VL diagnosis is still a major problem in Brazil and many other
countries where the disease is endemic. The parasitological examina-
tion of bone marrow, spleen or liver samples is considered as reference
test for VL diagnosis. However, this test requires professional expertise

for biological sample collection and execution of the exam. Moreover,
the sensitivity of the assay varies according to the biological sample
examined (WHO, 2010). On the other hand, given the high levels of
circulating antibodies in VL patients, different serological tests have
been developed, including the immunofluorescent antibody test - IFAT
(Duxbury and Sadun, 1964), the direct agglutination test - DAT (Harith
et al., 1986; Meredith et al., 1995), and the enzyme-linked im-
munosorbent assay - ELISA (Ho et al., 1983; Martin et al., 1998;
Rajasekariah et al., 2001; Shreffler et al., 1993). However, conventional
serological tests show cross-reactivity with sera from the patient with
other infectious diseases, e.g., tegumentary leishmaniasis and Chagas
disease. The use of rK39 in ELISA assay (Burns et al., 1993; Badaró
et al., 1996) and later in immunochromatographic test (rK39-ICT;
Sundar et al., 1998) represented an improvement in VL diagnosis in-
creasing the sensitivity and specificity.

In current investigation, the purpose was to compare the
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performance of the different serological tests (rK39-ICT; IFAT; DAT and
FC-simplex IgG1) for the diagnosis of VL as well as to evaluate the ef-
ficacy of the sequential methods for improving diagnostics and test
whole blood as a potential alternative sample in relation to sera. The
results provide insights to improve the current overall accuracy of VL
diagnosis and present innovative laboratorial tests and alternative
samples from use in public health services.

2. Materials and methods

2.1. Experimental design and study population

In the present study we have enrolled 106 subjects, including 53
patients with VL, and 53 patients with suspected VL diagnosis (non-
cases).

The VL group (n= 53) comprised 29 males (age range = 05 months
to 68 years) and 24 females (age range 08 months to 44 years) living in
Minas Gerais State, Brazil. The VL diagnosis was based on clinical,
epidemiological records and response to specific treatment for VL
(Fig. 1A). The group of non-cases (n = 53) comprised 34 males (age
range = 01 to 76 years) and 19 females (age range = 10 months to
76 years) living in Brazilian endemic area with clinical suspected of VL.
The non-cases presented signs and symptoms suggestive of VL, but after
serological tests (rK39-ICT, IFAT) and direct parasite research in bone
marrow puncture samples (some cases), VL was discarded and final
conclusive diagnosis for these patients were oncohematological, in-
fectious/parasitic or autoimmune diseases (Fig. 1A).

Serum samples were obtained from each volunteer (n = 106) and
used to evaluated the performance of rK39-ICT, IFAT, DAT and flow
cytometry anti-fixed L. infantum promastigote antibodies (FC-Simplex
IgG1) tests for the diagnosis of VL infection (Fig. 1A).

For optimization of DAT-LPC and FC-Simplex IgG1 to enable the
interchangeable use of serum or whole blood lysate samples, 10 paired
samples were collected from VL patients, comprising 04 males (age
range = 07 to 52 years) and 06 females (age range 09 months to
8 years) living in Minas Gerais State, Brazil. Whole blood samples were
also collected in EDTA vaccuntainer tubes, kept frozen at −20 °C,
thawed and centrifuged (8000 xg, 5 min, room temperature) to obtain
the whole blood lysate samples (Fig. 1B).

This study was approved by the Ethical Committee at Instituto René
Rachou (IRR), FIOCRUZ-Minas (CAAE: 0018.1.245.000–09).

2.2. rK39 Immunochromatographic test (rK39-ICT)

The rK39 immunochromatographic test (rK39-ICT) was carried out
according to the manufacturer's instructions (Kalazar Detect™ Rapid
Test, InBios International, Inc., Seattle, WA, USA). The test was con-
sidered positive when two red bands (test and control bands) appeared
in the strip and negative when only one red band (control band) was
evident within 10 min.

2.3. Indirect fluorescence antibody test (IFAT)

Indirect Fluorescence Antibody Test (IFAT) was performed using an
available kit (Bio-Manguinhos, FIOCRUZ, Rio de Janeiro, RJ, BRA).
Serum samples were diluted from 1:40 to 1:640 and positive results
considered for titer> 1:80, according to Brazilian Ministry of Health
recommendations.

2.4. Direct agglutination test (DAT-LPC)

The test was carried out using the DAT-LPC prototype kit produced
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Fig. 1. Experimental design flowchart (A) Performance of ser-
ological tests for the diagnosis of VL was carried out em-
ploying serum samples from patients with clinical suspected
VL (n = 106), comprising cases (n = 53) and non-cases
(n = 53). The group of non-cases included patients with
oncohematological, infectious/parasitic or autoimmune dis-
eases. All samples were tested by rK39 immunochromato-
graphic test (rK39-ICT), Indirect Fluorescence Antibody Test
(IFAT), Direct Agglutination Test (DAT-LPC) and Flow
Cytometric Immunofluorescence Assay (FC-Simplex IgG1)
and algorithms were proposed for accurate VL diagnosis. (B)
Optimization of DAT-LPC and FC-Simplex IgG1 was carried
out to enable the interchangeable use of serum or whole
blood lysate samples. A total of 10 paired samples were tested
by DAT-LPC and FC-Simplex IgG1.
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at IRR/FIOCRUZ following the previously established protocol (Oliveira
et al., 2013). Briefly, freeze-dried DAT-LPC antigen was reconstituted
with 5 mL of rehydration solution. In parallel, test samples (serum or
whole blood lysate samples) were submitted to a twofold serial dilution
(1:100 to 1:102,400) in sample diluent, using a V-shaped microtiter
plate (Greiner Bio One Produtos Médicos Hospitalares Ltda, Americana,
SP, BRA) as support. Following, 50 μL of DAT-LPC antigen suspension
were added to each well containing 50 μL of pre-diluted test samples.
The plate was agitated by circular movments and after 4 h incubation at
room temperature, the end titer was read as the dilution immediately
before the well with a clear sharp-edged blue spot, similar to that ob-
served for the negative control. Samples were considered positive for
end titers greater than 1:100.

2.5. Flow cytometric immunofluorescence assay (FC-Simplex IgG1)

The Flow Cytometric Immunofluorescence Assay was performed as
previously described by Garcia et al. (2009). Briefly, 50 μL of fixed L.
infantum promastigotes (2.5 × 105 parasites/well) were incubated for
30 min at 37 °C in the presence of 50 μL of pre-diluted (1:4000 to
1:128,000) test samples (serum or whole blood lysate samples). After
incubation, the parasites were washed twice with PBS containing 3%
FBS and re-incubated in the presence of 50 μL of biotin-conjugated anti-
human IgG1 (1:6400) monoclonal antibody (Sigma-Aldrich, St Louis,
MO, USA) plus 20 μL of phycoerythrin-conjugated streptavidin (1:400)
(BD-Pharmingen, San Diego, CA, USA). After a second washing step, the
parasites were fixed and stored for at least 30 min at 4 °C. Each batch
included an internal control for nonspecific binding. A total of 10,000
parasites were acquired in a flow cytometer (FACSCalibur, BD
Bioscience, San Jose, CA, USA). The CellQuest software package was
used for data acquisition and storage. The FlowJo software V10 was
used for data analysis. Based on the internal control background, the
reactivity of each test sample was expressed as the percentage of po-
sitive fluorescent parasites (PPFP).

2.6. Statistical analysis

The statistical analyses were carried out using the Minitab software
(version 17), MedCalc software (version 18.6) and the GraphPad Prism
software (version 5.03, San Diego, California, USA) was used for all
graphical arts. The overall accuracy of each serological test for VL di-
agnosis was defined by 2 × 2 contingency tables with exact binomial
95% CI. A receiver operating characteristic (ROC) curve was con-
structed to determine the global accuracy of each method, as defined by
the area under the ROC curve. The performance of each serological
assay was expressed by distinct statistical indexes: (i) sensi-
tivity = [true positives/(true positives + false negatives)] × 100; (ii)
specificity = [true negatives/(true negatives + false positives)] × 100;
(iii) likelihood ratios (LR), where the LR for positive results (LR
+) = [sensitivity/(1-specificity)] and the LR for negative results
(LR−) = [(1 − sensitivity)/specificity] along with (iv) predictive va-
lues, including positive predictive value (PPV) = [true positives/(true
positives + false positives)] × 100 and negative predictive value
(NPV) = [true negatives/(true negatives + false negatives)] × 100. T
student test was employed for comparison of the positivity rates of
sequential serological tests applied to VL diagnosis considering a 5%
significance level.

3. Results

3.1. Performance of distinct serological tests for VL diagnosis

The performances of distinct tests (rK39-ICT, IFAT, DAT-LPC, FC-
Simplex IgG1) for serological VL diagnosis are presented in the Fig. 2.
The results demonstrated that DAT-LPC (87%) and FC-Simplex IgG1
(85%) presented higher positivity amongst VL patients as compared to

rK39-ICT (81%) and IFAT (70%) (Fig. 2A). The performance of each
serological method employed as a single test is provided in the Fig. 2B.
DAT-LPC and FC-Simplex IgG1 presented outstanding diagnosis global
accuracy amongst VL patients (AUC = 0.93) as compared with rK39-
ICT and IFAT (AUC = 0.89 and 0.74, respectively).

3.2. Positivity rates of sequential serological tests applied to VL diagnosis

Aiming at improving the performance of the serological diagnosis of
VL, serum samples were tested on a sequential approach and the final
positivity rates calculated, including VL (n = 53) vs non-cases (n = 53)
(Fig. 3). The results demonstrated that rK39-ICT followed by DAT-LPC
or FC-Simplex IgG1 yielded higher accuracy (97.2%) to diagnosis VL as
compared to IFAT (83.4%) (Fig. 3).

3.3. Proposal of laboratorial algorithms for serological tests applied to VL
diagnosis

Based on the overall accuracy observed for the sequential ser-
ological tests, two distinct laboratorial algorithms were proposed for
the serological diagnosis of suspected VL cases (Fig. 4).

The Fig. 4A displays a proposed decision tree for serological diag-
nosis of VL at reference laboratories where rK39-ICT, DAT-LPC and FC-
Simplex IgG1 tests are available. In this scenario, a decision tree based
on rK39-ICT screening followed by DAT-LPC or FC-Simplex IgG1, re-
vealed that positive results by rK39-ICT detected most clinical VL cases

Fig. 2. Performance of distinct serological test applied to VL diagnosis (A) Positivity
rates of rK39-ICT, IFAT, DAT-LPC and FC-Simplex IgG1 obtained for serum
samples from VL (n = 53) and non-cases (n = 53). (B) The ROC curve analysis
further illustrated the comparative global accuracy (AUC) amongst serological
tests and performance indices determined for each serological test, including:
sensitivity (Se), specificity (Sp), likelihood ratios (LR+ and LR−) along with
positive (PPV) and negative (NPV) predictive values.
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(81%, 43/53), giving two false-positive results. Complementing, if the
negative rK39-ICT tests are sequentially assayed by DAT-LPC or FC-
Simplex IgG1, positive results identifies additionally around 17% of VL
cases. Conversely, the negative results comprise most non-cases (96%,
51/53) with one false-negative result. This algorithm presented an
overall accuracy of 97.2%, with 103 correct results out of 106 tested
samples (Fig. 4A).

Alternatively, the Fig. 4B displays another decision tree for ser-
ological diagnosis of VL at reference laboratories where DAT-LPC and
FC-Simplex IgG1 tests are available. In these circumstances, the isolate
use of DAT-LPC or FC-Simplex IgG1 could also be applied, leading to an
overall accuracy of 93.4%, with 99 correct results out of 106 tested
samples (Fig. 4B).

3.4. Optimization of DAT-LPC and FC-Simplex IgG1 for serological
diagnosis of VL using serum or whole blood lysate samples

While most current tests applicable for the laboratorial diagnosis of
VL employs the use of serum samples, a range of complementary di-
agnostic methods requires distinct whole blood derivatives. In order to
solve these limitations, in the present study, we have optimized the
DAT-LPC and FC-Simplex IgG1 to enable the use of whole blood lysate
samples for accurate diagnosis of VL. For this purpose, a total of 10
pairs of serum and whole blood lysate samples were tested. The results
are presented in the Fig. 5. Data demonstrated a very similar reactivity
pattern for serum and whole blood lysate samples tested by DAT-LPC,
with agreement index of 100% (10/10) for categorical analysis using
the cut-off at sample dilution 1:100 (Fig. 5A). Outstanding performance
was observed for FC-Simplex IgG1 with almost identical reactivity

Fig. 3. Positivity rates of sequential serological tests applied to VL diagnosis. Positivity rates of rK39-ICT screening followed by IFAT, DAT-LPC or FC-Simplex IgG1
obtained for serum samples from VL (n = 53) and non-cases (n = 53). The results are expressed as frequency (%) of positive or negative results obtained for each
study group. The overall accuracy for each sequence of serological tests is provided in the figure.
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Fig. 4. Proposal of laboratorial algorithms for serological tests applied to VL diagnosis. (A) Screening of serum samples from VL (n = 53) and non-cases (n = 53) by rK39-
ICT followed by DAT-LPC or FC-Simplex IgG1. (B) Alternatively, DAT-LPC or FC-Simplex IgG1 could also be applied isolate. The overall accuracy for each sequence of
serological tests is provided in the figure.

Fig. 5. Optimization of DAT-LPC and FC-Simplex IgG1 for serological diagnosis of VL using serum or whole blood lysate samples. (A) Reactivity profile of serum and whole
blood lysate samples (n = 10) tested simultaneously by DAT-LPC along titration by twofold serial dilution (1:100 to 1:102,400). The results are presented as reverse
of samples dilution for individual and paired samples. Categorical analysis was performed using end titer 1:100 as the cut-off (dashed line). (B) Reactivity profile of
serum and whole blood lysate samples (n = 10) tested simultaneously by FC-Simplex IgG1. The results are presented as percentage of positive fluorescent parasites
(PPFP) for individual samples along the titration curve (1:4000 to 1:128,000) as well as for paired samples at serum dilution 1:32,000. Categorical analysis was
performed using PPFP = 60% as the cut-off (dashed line). Inconsistent result between serum and whole blood lysate samples is underscored by dotted connecting
line. The overall agreement for each test is provided in the figure.
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pattern along the titration curve, leading to an overall agreement of
99% (09/10) for categorical analysis (cut-off of PPFP = 60%) at sample
dilution 1:32,000 (Fig. 5B).

4. Discussion

Development of rapid and high sensitivity assay is essential to the
diagnosis of Leishmania spp. infection (WHO, 2018). In Brazil, the rK39-
ICT has been employed as the first option to investigate patients with
clinically suspected VL since 2009, because it needs minimal laboratory
infrastructure and present low cost for screening diagnosis of VL in
primary health care centers. However, the need of importation may
limit the continued use of a same rK39-ICT test and the constant change
of manufacturer can provoke difficulty to the Brazilian Public Health
Services.

In the present study, the sensitivity and specificity of the rK39-ICT
were of 81% and 96% when it was applied in serum samples collected
from the VL suspected patients (Fig. 2). The sensitivity found in this
study was lower than that found in preview studies performed in Brazil,
in which the authors reported sensitivity and specificity varying of 88.1
to 95.5% and specificity from 90.6–100% for the rK39-ICT from same
manufacturer (Carvalho et al., 2003; Peruhype-Magalhães et al., 2012;
Silva et al., 2017; Freire et al., 2019). Possibly, the lower sensitivity
presented by rK39-ICT observed in the current study may be due to the
fact that some VL patients were promptly attendant at the reference
general hospital while they still present low levels of circulating IgG.
Moreover, the low sensitive of rK39-ICT may also be resultant of in-
trinsic particularities of immunoglobulin repertoire in some VL pa-
tients.

Silva et al. (2017) suggest the application of an additional ser-
ological test in the serum samples, direct examination or culture of
bone marrow aspirate from the patients with negative rK39 results. The
WHO recommends that DAT or a parasitological test should be per-
formed whenever a negative rK39-ICT result is obtained in a VL sus-
pected patient resident in areas where rK39-ICT presents sensitivity
below 90% (WHO, 2010). On the other hand the Brazilian Ministry of
Health instructs that a suspected VL case with rK39-ICT positive result
may be treated for the disease. Still, a suspected VL case showing un-
determined or negative results should be subjected to an IFAT analysis
at a Central Public Health Laboratories of the National System of La-
boratories (LACENs/SISLAB) or at a reference laboratory (MoH, 2012).

Aiming at improving the performance of the serological diagnosis of
VL patients, a sequential approach was performed. Our results support
the hypothesis that combining the immunochromatographic test rK39
with DAT-LPC or FC-Simplex IgG1 improves the diagnostic accuracy in
VL patients.

The accuracy decreased from the 89 to 83.4% (p = .23) when the
samples with negative rK39-ICT results from the VL patients were re-
tested with IFAT. Evidently, the lower accuracy presented by IFAT
(74%) suggest that the diagnostic algorithm recommended by Brazilian
Ministry of Health does not increase the accuracy of the VL diagnosis. In
contrast, there was an increase of 8.2% (p = .019) when these same
serum samples were retested with DAT-LPC or FC-Simplex IgG1.

IFAT usually favors cross reactivity due to the exposure of in-
tracytoplasmatic epitopes presented also in other members of the
Trypanosomatidae family. The impairment of the performance of IFAT
because of the high frequency of cross reactivity when VL, localized
cutaneous leishmaniasis (LCL), and Chagas disease (CD) coexist in the
same areas is still a challenge for the VL diagnosis. Serological cross
reactivity amongst these three infections may lead to equivocal epide-
miological data and inaccurate individual diagnosis (Rocha et al.,
2006). Both DAT-LPC and FC-Simplex IgG1 demonstrated high sensi-
tivity and specificity (Garcia et al., 2009; Oliveira et al., 2013; Oliveira
et al., 2017; Teixeira-Carvalho et al., 2015) and certainly contributed to
increase the accuracy of VL diagnosis in the present study. DAT-LPC did
not present cross reactivity in serum samples collected from Brazilian

patients with tegumentary leishmaniasis, Chagas diseases, malaria and
schistosomiasis mansoni (Oliveira et al., 2011; Oliveira et al., 2013) and
it is most cost-effective than direct examination of bone marrow aspi-
rate, IFAT, Kalazar Detect, IT-LEISH and PCR for diagnosis of VL
(Machado de Assis et al., 2016).

DAT is easy to perform; it is not expensive and requires a simpler
laboratory infrastructure than the one required for the ELISA or IFAT
tests, since no sophisticated equipment is necessary. Therefore, the DAT
may be easily used as a second option for diagnosis of VL in municipal
laboratories from distant cities. The relatively long incubation period of
18 h is a drawback for the application of the classic DAT, as well as the
use of 2-ME in the sample diluents. However, during the development
of the DAT-LPC was possible to decrease the incubation period from 18
to 4 h and replace β-Mercaptoethanol to N-Acetyl-Cystein in the sample
diluents.

Likewise, the FC-Simplex IgG1 has been available as alternative
approach for VL diagnosis since the flow cytometric present elevated
performance based in the higher sensitivity obtained by fluorescence
intensity emitted by photomultiplier detectors. Moreover, the higher
specificity of FC-Simplex IgG1 induces reactivity against parasite
membrane antigens, avoiding sera reactivity with intracytoplasmatic
structures. Furthermore, the strategy of searching for IgG (IgG1/IgG2)
subclasses provides better performance of the diagnostic tests. FC-
Simplex IgG1 is an alternative approach to improve the VL serological
diagnosis, applicable to elucidate positive IgG serology in a population
constituted by patients with VL, LCL and CD. So, despite the high cost of
flow cytometry-based technologies, researches from our group have
presented new applicability of the methodology for detecting and
classifying neglected diseases. Our studies showed that, in combination,
fixed parasites materials are an inexpensive, reliable technique for si-
multaneous visceral leishmaniasis, tegumentary leishmaniasis and
Chagas disease diagnosis (Vitelli-Avelar et al., 2007; Matos et al., 2011;
Pereira et al., 2012; Teixeira-Carvalho et al., 2015). This approach has
being pointed out as a strategy to reduce the final costs and a new
strategy for neglected diseases diagnosis.

Even though the elevated Leishmania-specific antibodies titles have
been advantageous to VL diagnosis, the residual serological reactivity
detected after VL clinical cure characterizes the main problem asso-
ciated with serological methods used nowadays that dreadful the use
these tests for evaluated post-therapeutic cure in VL. In this context, it is
important to highlight the applicability of DAT-LPC and FC-Simplex
IgG1 in the follow-up. A follow-up study reported that the DAT titers
from VL patient decline up to six months, dipping below the cut-off titer
(1:800) at ninth month after specific treatment (Patil et al., 2012). We
have also previously developed a flow cytometry-based methodology as
alternative serological approach to identify anti-membrane antibodies
and monitor post-therapeutic cure in human Chagas disease (Martins-
Filho et al., 1995). Besides, we assessed the performance of detuned
anti-live and anti-fixed L. infantum IgG detected by flow cytometry in
the monitoring of post-chemotherapy cure in pediatric VL. Our group
suggested the selection of undistinguishable sera dilution (1:32,000) to
identify VL cases and also for post-therapeutic cure assessment (Lemos
et al., 2007; Garcia et al., 2009).

Additionally, we evaluated the serum or whole blood lysate samples
use in DAT-LPC and FC-Simplex IgG1. We observed a very similar re-
activity pattern for serum and whole blood lysate samples tested by
DAT-LPC, FC-Simplex IgG1 with an overall agreement of 100% and
90%, respectively. The upgrade of DAT-LPC and FC-Simplex IgG1 for
interchangeable use of either serum or whole blood lysate samples re-
presents a rational approach to overcome the need of multiple per-
ipheral blood samples, especially when the diagnosis are performed in
infants or small children. It is important to mention, as discussed above,
that cross reactivity with Chagas and cutaneous leishmaniasis needs to
be further addressed to validate the interchangeable use of whole blood
and serum samples, before to recommending its use in the routine of
reference services. Besides of clinical and parasitological analyses, the
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laboratorial algorithm association serological tool has become neces-
sary approach for the differential diagnosis of VL, reducing prognostic
implications of an incorrect or late diagnosis (Varani et al., 2017;
Zijlstra, 2016).

5. Conclusion

In conclusion, we established the potential of DAT-LPC and FC-
Simplex IgG1 as diagnosis confirming test, non-invasive for VL patients
who present altered antibody production. Thus, combining the tests
enhances the assertiveness, but these assays also can be used in-
dependent according to laboratory infrastructure. Finally, the proposed
laboratorial algorithms for VL diagnosis can be implemented in Brazil,
improving significantly the health services.
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