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ARTICLE INFO ABSTRACT

Visceral Leishmaniasis (VL) is a severe disease, caused by the protozoans Leishmania infantum and L. donovani
that is widely diagnosed using serological tools. These, however, have limitations in performance that limit their
18G use for the correct identification of the cases. This study aimed to evaluate the performance of flow cytometry
Serodiagnosis with fixed parasites for VL diagnosis, comparing it with four other serological tests. Samples from two endemic
le::ef:;nll:iéﬁﬁ ;lﬁ‘zsis VL regions in Brazil, diagnosed by direct examination (DG1) and by at least two or one standard serological test

(DG2 and DG3, respectively), as well as patients with chronic Chagas' disease (CG1) and healthy controls (CG2)
were used in this study. The flow cytometry results were expressed as levels of IgG reactivity, based on the
percentage of positive fluorescent parasites (PPFP). Using a 1:4096 serum dilution, a ROC curve analysis of the
serum titration on flow cytometry has indicated a PPFP of 2% as the cutoff point to segregate positive and
negative results. In the present study, flow cytometry had the best performance for DG1 (sensitivity of 96%)
while rK39 (imunocromagraphic rapid test) and DAT (Direct agglutination test) were also associated with high
sensitivity and specificity. The substantial agreement and kappa indexes observed suggested similar perfor-
mances between these two tests and flow cytometry. IFAT (Immunofluorescent antibody test) and ELISA
(Enzyme-linked immunosorbent assay) had lower performances and the lower values of agreement with flow
cytometry. Together, these findings suggest that although adjustments are needed in order to reduce cross re-
activity with other trypanosomatids, flow cytometry has the potential to be a safe serological alternative for the
diagnosis of VL.
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1. Introduction

Visceral leishmaniasis (VL) is a neglected, highly lethal disease,
which is endemic in 76 countries and found in 12 American countries,
with Brazil having the highest endemicity and responsible for 96% of
the cases reported from the Americas. In this continent, the disease is
caused by the protozoa Leishmania infantum, part of the Leishmania

donovani complex (Organizacao Pan-Americana da Satde., 2018).

The diagnosis of VL is based on clinical signs and symptoms of pa-
tients and is confirmed by laboratory tests (Chappuis et al., 2007). The
difficulty in diagnosing patients delays the treatment and, therefore,
increases the lethality of the disease (Coura-vital et al., 2014). Despite
the availability of several tests, none can diagnose all cases and their
effectiveness varies among different geographic regions (Boelaert et al.,
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2008; Cunningham et al., 2012; Abass et al., 2015). Leishmania identi-
fication in bone marrow aspirates is the gold standard for VL diagnosis,
but its routine execution is hampered by the need for qualified pro-
fessionals and an appropriate collection environment (Maia et al.,
2012). Serological tests are widely used for the diagnosis of VL, but they
have limitations, such as a failure to discriminate between recent and
late infections, which make it impossible to use them as cure criteria. In
addition, they may cross-react with other parasites (Boelaert et al.,
2004; Sakkas et al., 2016).

In this context, studies with flow cytometry have shown its capacity
to diagnose VL (Andrade et al., 2007) and Chagas disease (Vitelli-Avelar
et al., 2007). Flow cytometry has high sensitivity and specificity values,
and could be used as a diagnosis and cure criterion of Chagas disease
(Martins-Filho et al., 1995; Matos et al., 2011); cutaneous leishmaniasis
(Rocha et al., 2002; Pereira et al., 2012); VL (Lemos et al., 2007; Garcia
et al.,, 2009), and also for post-vaccine control of canine visceral
leishmaniasis (Andrade et al., 2007; Ker et al., 2013).

The aims of this study were to evaluate the performance of flow
cytometry and its comparison with four other serological tests for the
diagnosis of visceral leishmaniasis. Additionally we have also evaluated
the performance of flow cytometry to detect cross-reactivity in patients
with chronic Chagas' disease.

2. Materials and methods
2.1. Serum samples and study population

The population was defined for convenience of sample size, with the
serum samples from two VL endemic areas from northeastern Brazil
(Pernambuco and Piauif) divided into three diagnostic (DG) and two
control groups (CG). DGI1, 2 and 3 were defined using the parasite
identification in bone marrow aspirate and four serological tests (DAT,
ELISA, rK39 rapid test and IFAT). The groups were: DG1-51 patients
with positive VL according to the presence of Leishmania parasites in
aspirates of bone marrow; DG2-73 patients with positive VL confirmed
by at least two serological tests; DG3-82 patients with positive VL
confirmed by at least one serological test; CG1-15 patients with chronic
Chagas' disease; CG2-18 healthy individuals with no history of VL from
non-endemic areas. All serum samples were collected in vacutainer
tubes (BD Biosciences), processed by centrifugation (1000g, 10 min,
room temperature), inactivated by heating for 30 min at 56 °C and
centrifuged at 4 °C, 1000 ¢ for five minutes. After centrifugation, the
supernatant was aliquoted and kept at —20°C until further use. All
human serum was collected after approval of their use by the appro-
priate ethics committees from the Federal University of Piaui (0116/
2005) and from IAM-FIOCRUZ (CAEE 51603115.7.0000.5190).

2.2. Parasite preparation

The promastigote forms of L. infantum strain MHOM/BR/70/BH46
were cultured at 26 °C in vitro in Schneider's medium associated with
Novy-MacNeal-Nicolle (NNN) medium. Parasites were subjected to
expansion and centrifuged at low speed (400g, 10 min, room tem-
perature). For the ELISA assays, the pelleted promastigote cells were
washed three times with a phosphate-buffered saline (PBS), pH7.2,
4°C, followed by resuspension in lysis buffer (50 mM NaCl, 10 mM
EDTA, 50 mM Tris-HCl, pH 8.0) supplemented with 1 mM of the pro-
tease inhibitors N-ethylmaleimide (NEM) and phenylmethylsulfonyl
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fluoride (PMSF). Lysis was performed by cycles of freeze-thawing, fol-
lowed by centrifugation at 10.000 g for 15 min at 4 °C. The supernatant
was collected and the protein content quantified by the Bradford assay
following standard procedures. The crude soluble antigen was stored at
—80°C until further use. For the immunofluorescent antibody test
(IFAT), the promastigote pellet was washed once with PBS followed by
resuspension in 2% formaldehyde (Merck Millipore Darmstadt,
Germany) and storage at 4 °C until use in the assays. For flow cytometry
the same promastigote pellet was washed three times with PBS con-
taining 10% Fetal Bovine Serum (FBS), at 4 °C, followed by resuspen-
sion for fixation in 1% paraformaldehyde and incubation overnight.
The fixed cells were then washed again with PBS plus 10% FBS and the
final resuspension adjusted to 5 x 10° promastigotes/mL, then used for
the flow cytometry assay.

2.3. Direct parasite identification

Bone marrow (1 ml) aspirates for parasitological analysis were ob-
tained in order to detect Leishmania parasites, preparing the smears by
slide apposition. The slides were stained with a panoptic stain (Ranylab,
Barbacena, Brazil) and evaluated under a light microscope (100 X ). At
least three bone marrow smears were evaluated for each patient (Da
Silva et al., 2005).

2.4. K39 rapid test (IT LEISH)

The IT LEISH rapid test protocol was performed according to the
manufacturer's instructions (Bio Rad Laboratories; Marnes-la-Coquette,
France) using 10 pl of serum. Anti-Leishmania-specific antibodies are
captured by a conjugate (protein A and colloidal gold) which reacts
with the membrane-coated antigen (k39). After five minutes, a red line
appears above indicating the presence of the IgG (control), which va-
lidates the kit. The appearance of another red line below indicates the
presence of anti-rK39 IgG, representing a positive result.

2.5. Direct agglutination test (DAT)

DAT was carried out according to the manufacturer's instructions
(Royal Tropical Institute, Amsterdam, NL). The test was performed on
96-well V-bottom plates (Greiner Bio One, Germany) with serial serum
dilutions ranging from 1:50 to 1:51200. The results were read after
overnight incubation at room temperature. The DAT titer is indicated
by the highest dilution in which the agglutination is visible. Sera with
titers from 1:6400 were considered positive (El Harith et al., 1988).

2.6. Immunofluorescent antibody test (IFAT)

The IFAT test was performed with an in house protocol developed
by Immunology of Infectious and Parasitic Diseases Research Group at
Instituto Aggeu Magalhdes - FIOCRUZ, PE, using 10 pl of the antigenic
suspension of L. infantum promastigotes applied to the region delimited
on the IFAT slides (PERFECTLAB, Sao Paulo, Brazil) and leaving it to
rest for two hours at 37 °C. Subsequently, the slides were coated with
10 pl of the patients' serum samples in titers ranging from 1:20 to 1:320
in PBS, pH 7.2. Two control sera (positive and negative) were incubated
in a humid chamber for 30 min at 37 °C. After incubation, the excess of
serum was removed from the slides by washing them three times
through immersion in PBS, pH 7.2, in intervals of 10 min. Anti-human
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IgG conjugated to fluorescein isothiocyanate-FITC (Sigma Chemical
Corp., St. Louis, MO) prepared in Evans blue (40 mg) in PBS buffer
solution (previously diluted at 1:10 ratio in the same buffer) was added
to the slides in a 1:50 dilution, incubating them under the same con-
ditions as mentioned before. After the reaction, the slides were washed
three times for 10 min in PBS and left at room temperature. The as-
sembly was made with buffered glycerin pH 8.5 and the slides then
observed under a fluorescence microscope, with a 100 X objective. Sera
were considered positive from the 1:40 dilution.

2.7. ELISA

The ELISA test was performed as described by Oliveira et al. (2011).
Briefly, 96-well plates (Greiner Bio One, Germany) were sensitized with
600 ng per well of crude L. infantum antigen and kept at 4 °C overnight.
Plates were aspirated, blocked for one hour at 37 °C with 2% non-fat dried
milk in PBS containing 0.05% Tween 20 (PBS-T) and washed four times
with PBS-T. The sera were diluted at 1:900 in PBS-T containing 10% of
non-fat dried milk and added to the wells in triplicates, and incubated for
one hour at 37 °C. After three washes with PBS-T, the peroxidase-con-
jugated anti-IgG (Calbiochem, EMD Millipore, Billerica, MA) diluted at
1:2000 was added and the plates incubated for one more hour at 37 °C.
Plates were then washed three times and incubated with o-phenylene-
diamine (OPD) and H,O,. The reaction was quenched by adding 2M
H,S0,4 (50 ul/well) and the plates read at 490 nm (Spectra Max 190,
Molecular Devices, Sunnyvale, USA or MRX II, Dynex Technologies,
Chantilly, USA). Positive and negative control sera were present on each
plate in order to standardize readings and variations. The cutoff point
between non-reagent and reagent readings was calculated as the mean of
the negative controls plus two standard deviations.

2.8. Flow cytometry

The flow cytometry assay to detect antibodies against promastigote
forms of L. infantum was performed according to Rocha et al. (2002).
Briefly, the parasite suspension (2.5 X 10°/well) was incubated in 96-
well, U-bottom plates at 37 °C for 30 min in the presence of different
serum dilutions (1:64 to 1:8192). After incubation, the parasites were
washed twice with 150 pl of PBS, pH 7.2, plus 10% FBS and then in-
cubated at 37 °C for 30 min, protected from light, with the anti-human
IgG conjugated to fluorescein isothiocyanate-FITC (Sigma Chemical
Corp, St. Louis, MO) diluted 1:200 in PBS- 10% FBS. After another
wash, FITC labeled parasites were fixed with 200l of 1% paraf-
ormaldehyde and kept from light for 30 min at 4 °C until submitted to
reading on the FACScalibur flow cytometer (Becton Dickinson San Jose,
CA), using the software “Cell Quest Pro”. The labeled parasites were
submitted to the cytometer's acquisition with 10.000 events per sample.
Promastigotes were identified based on their specific frontal (FSC) and
lateral (SSC) light scattering properties. After FSC and SSC gain ad-
justments, the parasites assumed a characteristic distribution of these
parameters and their fluorescence was evaluated. For each assay, in
addition to the FITC-conjugated internal control, unlabeled controls in
quadruplicates as well as negative and positive controls were included
to validate the assay. For these controls, instead of using a single re-
presentative negative or positive sample, we opted to prepare a pool of
true negative or positive sera and used an aliquot of either as controls.
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2.9. Intra- and inter-assay variations

To investigate intra-assay variation, triplicates of five different
control samples were run in one assay. Inter-assay variation was eval-
uated comparing 27 high controls, 5 medium controls, and 5 low
controls that were run in three independent assays. The Coefficient of
Variation (CV) for the intra- and inter-assay variations was calculated
using the formula:

_ Standard deviation

Ccv x 100.

mean

2.10. Statistics

Statistical analyses were performed using GraphPad Prism version
7.0 and the ROC curve, by Medcalc Software version 15.8. Each test
performance was assessed by the following statistical indexes:
Sensitivity = [true positives =+ (true positives + false nega-
tives)] x 100; specificity = [true negatives + (true negatives + false
positives)] X 100; positive predictive value — PPV = [true positives =+
total positives] x 100; negative predictive value — NPV = [true ne-
gatives + total negatives] X 100 and accuracy = [(true positives +
true negatives) + (true positives + true negatives + false positives +
false negatives)] (Eusebi, 2013). Student's t-test was used for de-
termining the differences between groups. The level of agreement for
each of the tests (ELISA, IFL, DAT, rK39 rapid test) with flow cytometry
were determined by percent agreement and the kappa index (x) with
95% confidence interval and p values < 0.05 were considered sig-
nificant.

3. Results

3.1. Optimization of flow cytometry parameters for the identification of IgG
anti-promastigote forms of L. infantum

To establish the flow cytometry assays and to define the IgG re-
activity data against L. infantum with the best performance indexes,
promastigotes incubated with FITC (fluorescein isothiocyanate) con-
jugated anti-human IgG were evaluated on the flow cytometer in the
absence of human sera (internal control) and after incubation with VL
positive or negative sera, with representative results shown in Fig. 1.
After promastigote identification (Fig. 1A), the relative FITC fluores-
cence intensity of each event was analyzed. A marker was set on the
representation of the FITC-conjugated internal control (Fig. 1B) and
used in all data analyzes reported here to determine for each sample the
Percentage of Positive Fluorescent Parasites (PPFP). Fig. 1C and D il-
lustrate the results for the fluorescence levels for a negative and positive
control sera, respectively, with the derived PPFP values.

Next, to assess the optimal dilutions to be used with the sera in order
to best define positive and negative samples, we plotted the average
PPFP values obtained from five defined sera groups: DG1 - positive VL
confirmed by Leishmania visualization; DG2 - positive VL confirmed by
at least two serological tests; DG3 - positive VL confirmed by at least
one serological test; CG1 - Chagas' disease; CG2 - healthy control sera.
Fig. 2 then compares the average seroreactivity values for IgG for the
different groups, expressed in PPFP, with different serum dilutions
(titration curve ranging from 1:64 to 1:8192). From the graph shown,
the serum titration of greatest difference in reactivity considering only
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Fig. 1. Representative flow cytometry serology charts used to analyze IgG's reactivity anti-fixed L. infantum promastigotes in human serum samples. Promastigotes
were selected on a dot plot based on their FSC (size) versus SSC (granularity). Fixed parasites were found to assume a homogeneous distribution (A). The relative FL1/
FITC fluorescence intensity was quantified in the absence of human serum but in the presence of the FITC-conjugated anti-human IgG (internal control). This
condition leads to the establishment of a maximum value of reactivity and determination of the marker M1 (positive region) (B). IgG's reactivity is provided in
histograms for each serum samples as PPFP, which represents the frequency of parasite shift towards a higher fluorescence intensity, across M1. This marker was
maintained to determine the reactivity in all data analyses performed in sera from both negative (C) and positive (D) samples for VL.

the positive samples and the healthy controls was 1:512. This dilution
however is associated with high levels of cross-reactivity and false
positive results with the sera from Chagas' disease individuals. Thus, we
selected the dilution of 1:4096, as it showed a substantial reduction of
the false positive results with minor decreases in fluorescence levels for
the true positive samples.

3.2. Evaluating the performance of flow cytometry for VL diagnosis

The individual analysis through flow cytometry of all sera samples
belonging to the five groups defined here using the 1:4096 dilution is
shown in Fig. 3. Regarding the negative references (CG1 + CG2), flow
cytometry has given false positive results in five samples from in-
dividuals with Chagas disease, while nearly all of those who were
confirmed through parasite visualization (DG1) were identified as po-
sitive. Intermediate values were observed for the other groups. Thus,
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the seropositivity for VL was 96% for DG1, 92% for DG2, 85% for DG3.
ROC curves were then drawn individually evaluating the performance
by flow cytometry of the three groups of positive sera (DG1, DG2 and
DG3) in relation to the two sets of VL negative samples grouped to-
gether (CG1 + CG2). The curves (Fig. 4) show that, for the selected
serum dilution, the values for the area under the curve were 0.9 (95%,
with a confidence interval [CI] between 0.90 and 0.99) for the DG1
group, 0.92 (95%, CI=0.85-0.97) for DG2 and 0.9 (95%.
CI = 0.83-0.95) for DG3. The ROC curves indicated that the 2% PPFP
value would be the appropriate cutoff point for separating the VL
groups from the negative individuals.

To evaluate potential analytical errors, we also performed intra- and
inter-assays to determine the coefficients of variation (CVs), parameters
widely used to quantify precision of biological measures. These were
based on the values of PPFP to select high, medium, and low serum to
use as in house controls. The intra-assay CVs ranged from 4% to 13%
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Fig. 2. IgG antibody titration curve detected by flow cytometry of Anti-fixed
Leishmania infantum promastigotes stratified by groups. DG1 (A) (n = 51, DG2
(¥) n=173, DG3 (@) n = 82, CG1 (@) n =15, CG2 (m) n = 18. The gray
rectangle corresponds to the titration of 1:4096 which was the region of
greatest separation among the VL positive groups analyzed and both sets of
controls. PPFP = Percentage of Positive Fluorescent Parasites. Bars show the
95% confidence intervals.
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Fig. 3. Distribution of IgG reactivity of promastigote forms of L. infantum
stratified by groups. DG1 (A) n = 51, DG2 (W) n = 73, DG3 (@) n = 82, CG1
(@) n =15, CG2 (m) n = 18. All groups are at the 1:4096 dilution and samples

above the cutoff 2% PPFP (Percentage of Positive Fluorescent Parasites) are
considered positive.

while inter-assay CVs ranged between 8% to 13% (Table 1), fitting
within the range of variation considered acceptable, < 20%. No sta-
tistically significant difference between the means of the controls
(P > 0.05).

3.3. Comparison between flow cytometry and serological tests performances
on the diagnosis of VL

Based on the previous results, we used the values expressed with the
1:4096 dilution for a comparison of flow cytometry with other currently
used serological tests: DAT, ELISA and IFAT, all based on whole parasite
cells or extracts; and the rapid test based on the recombinant rK39
antigen. Flow cytometry had the highest diagnostic performance with
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the DG1 group when compared to the other serological tests, with
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Fig. 4. ROC curve by performance indexes, sensitivity and specificity of flow
cytometry for all groups analyzed. The ROC curve analysis was applied to es-
tablish the best cutoff point to discriminate PPFP values from positive and
negative samples and indicate the area under the curve (AUC = global accu-
racy). ROC curve of samples at dilution 1:4096 indicating a cutoff point of 2%.

sensitivity of 96%, a positive predictive value of 91% and accuracy of
92% (Table 2). The rK39 rapid test was the best test in diagnosing the
cases for group DG2, while for DG3 the best sensitivity was observed for
DAT, with the rK39 rapid test having a better positive predictive value.
The specificity was 85% for flow cytometry, 65% for ELISA and 100%
for other tests.

The flow cytometry results were then compared with the other four
serological tests in other to evaluate the agreement between different
sets of results (Table 3). There was substantial agreement (x > 0.6;
Agreement > 80%) between the DAT assay and rK39 rapid test when
compared to flow cytometry for all groups, with lower values for the
other tests. In fact, the IFAT had the lowest values of performance and
only average agreement (k < 0.6; Agreement < 80%) for the three VL
positive serum groups.

We then aimed to evaluate the clinical value of flow cytometry for
the differential diagnosis between VL and Chagas' disease in compar-
ison with the other serological tests. As stated above, the analysis of
PPFP values using the 1:4096 serum dilution with a PPFP = 2% as the
cutoff point demonstrated that the percentage of cross reactivity for
flow citometry was 33% (based on Fig. 3). As for the other tests, the one
with the highest percentage of cross reactivity was ELISA (73%), while
the other tests (DAT, rK39 and IFAT) did not show cross reactivity in
our hands, at least with the serum available to us.

4. Discussion

Overall, the performance by the flow cytometry assay described
here resulted in improved sensitivity for VL diagnosis when compared
to the four serological tests used in the clinical procedure. This is
especially relevant considering the results for the DG1 group, where
flow cytometry had the best performance, similar to the rK39 rapid test,
since this is the only group with all positive samples confirmed only
after parasite visualization. This finding corroborates the early results
by Garcia et al. (2009) and Lemos et al. (2007) indicating a better
performance of flow cytometry for the diagnosis of VL, now with a
substantially increase in the number of samples evaluated and including
the comparison with other serological methods. Flow cytometry then
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Mean Intra-Assay and Inter-Assay Percentage Coefficients of Variation (CVs) and 95% Confidence Intervals (CIs) for high, medium and low controls across Multiple

Assays of flow cytometer anti-IgG for L. infantum.

Intra-assay

Inter-assay

No. of samples Mean % PPFP (95% CI*)

Mean % CV (95% CI)

No. of samples Mean % PPFP (95% CI) Mean % CV (95% CI)

High Control 5 75 (66-84) 4 (0.8-6.5)
Medium Controls 5 20 (7-27) 5(3-7)
Low Controls 5 0.2 (0.1-0.2) 13(3-23)

27 71 (66-75) 13 (10-16)
5 20 (13-26) 8 (3.5-12)
5 0.2 (0.1-0.2) 10.5 (7-14)

2 CI = Confidence Interval.

Table 2
Values of sensitivity, specificity, positive and negative predictive values, and
accuracy of the serological tests used for the diagnosis of VL.

DG1 DG2 DG3
Sensitivity% (95%CI)*
Flow Cytometry 96 (87-99) 92 (83-96) 85 (76-91)
DAT 94 (84-98) 94.5 (87-98) 91.5 (83-96)
rK39 rapid test 92 (81.5-97) 96 (87-99) 88 (79-93)
ELISA 86 (74-93) 88 (78-93) 78 (68-86)
IFAT 63 (49-75) 73 (61-81.5) 66 (55-75)
Specificity% (95%CI)
Flow Cytometry 85 (69-93) 85 (69-93) 85 (69-93)
DAT 100 (82-100) 100 (82-100) 100 (82-100)
rK39 rapid test 100 (82-100) 100 (82-100) 100 (82-100)
ELISA 67 (50-80) 67 (50-80) 67 (50-80)
IFAT 100 (82-100) 100 (82-100) 100 (82-100)
PPV %" (95%CI)
Flow Cytometry 91 (80-96) 93 (85-97) 93 (85-97)
DAT 100 (93-100) 100 (95-100) 100 (95-100)
rK39 rapid test 100 (92-100) 100 (95-100) 100 (92-100)
ELISA 80 (68-88) 85 (76-92) 85 (76-92)
IFAT 100 (89-100) 100 (93-100) 100 (93-100)

NPV%“ (95%CI)

Flow Cytometry 93 (79-98) 82 (66.5-92) 70 (55-82)
DAT 92 (78-97) 89 (75-96) 82.5 (68-91)
rK39 rapid test 89 (75-96) 92 (78-97) 77 (62-87)
ELISA 76 (58-88) 71 (53-82) 55 (40-69)
IFAT 63.5 (50-75) 62 (49-74) 54 (42-66)
Accuracy % (95%CD

Flow Cytometry 92 (84-96) 90 (82-94) 85 (78-91)
DAT 96 (90-99) 96 (91-98) 94 (88-97)
rK39 rapid test 95 (88-98) 97 (92-99) 91 (85-95)
ELISA 79 (69-86) 81 (73-87) 75 (66-82)
IFAT 77 (67-85) 81 (73-87) 76 (67-83)

& CI = Confidence Interval.
b ppV = Predictive Value Positive.
¢ NPV = Predictive Value Negative.

Table 3

emerges as an alternative test to be used for the serological diagnosis of
VL. In addition, it proved to be a safe and less invasive alternative when
compared to bone marrow aspiration, allowing early treatment and
reduction in lethality, but adjustments are still necessary to reduce cross
reactivity with trypanosomatids.

The appropriate choice of antigen is still one of the major challenges
for serological tests and many of those, including ELISA, IFAT and DAT
tests, use whole antigen extract from promastigote forms. It is, there-
fore, common to find false-positive reactions due to cross-reactions with
other diseases (Caballero et al., 2007). Adjustments in antigen pre-
paration can be made to minimize the issue of cross-reactivity and
strategies were developed for live and fixed Leishmania promastigotes
for the cytometric diagnosis of tegumentary or cutaneous leishmaniasis
(Pissinate et al., 2008; Pereira et al., 2012; Oliveira et al., 2013). The
use of live parasites may reduce the binding of antibodies to in-
tracytoplasmic structures seen for the fixed parasites (which increases
the likelihood of cross-reactions). However, the manipulation risks
when using live parasites is a limiting factor, especially considering that
the observed performance was similar in both approaches (Lemos et al.,
2007; Garcia et al.,, 2009), leading us to use fixed parasites in the
present study. Despite these adjustments in the antigen preparation, it is
still necessary to evaluate how variable this methodology is, but the
intra and inter assays carried out here found a coefficient of variation
within acceptable parameters (Reed et al., 2002). However, it is still
necessary to evaluate laboratory-to-laboratory variability, specially
between different regions, to validate whether the performance of the
method remains reproducible. In addition, in the cross reactivity eva-
luation, a percentage of positivity was observed in the group with
Chagas' disease, but due to its great versatility, strategies using flow
cytometry have already been proposed that can minimized false posi-
tive or inconclusive results (Teixeira-Carvalho et al., 2015).

Considering other serological tests based on grown promastigote
forms for VL diagnosis, IFAT is the most used in South America, being
one of the available tests in public health services in Brazil (Machado de
Assis et al., 2016; Sakkas et al., 2016). Studies show a moderate IFAT

Comparison between flow cytometry and the serological tests used for the diagnosis of VL for all populations analyzed.

Group Diagnostic Tests
DAT rK39 rapid test ELISA IFAT

Agreement % (95%CI") DG1 88 (79-93) 87 (78-92) 82 (73-89) 69 (58-78)

DG2 91 (83.5-95) 89 (81-93) 85 (77-90) 76 (67.5-83)

DG3 89 (82-93) 86 (79-91) 81(73-87) 74 (65-81)
Kappa Index (95%CI) DG1 0.7(0.5-1.0) 0.7(0.5-1.0) 0.6(0.4-0.8) 0.4(0.2-0.6)

DG2 0.8 (0.6-1.0) 0.7 (0.5-0.9) 0.6 (0.4-0.8) 0.5 (0.3-0.7)

DG3 0.7 (0.6-0.9) 0.7 (0.5-0.9) 0.6 (0.4-0.7) 0.5(0.3-0.6)

2 CI=Confidential interval.
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performance with 88-92% sensitivity and 83-88% specificity (Pedras
et al., 2008; Machado de Assis et al., 2016), but our study showed an
even lower sensitivity, despite a higher specifiticity. As for the para-
sitological diagnosis, the IFAT requires a complex infrastructure and
trained technicians, thus limiting access and delaying diagnosis and
treatment (Machado de Assis et al., 2012). DAT is one of the simplest
and most inexpensive tests ever developed for the diagnosis of VL. A
meta-analysis, evaluating the performance of DAT in patients with VL,
presented estimates of sensitivity and specificity of 94.8% (Romero and
Boelaert, 2010), corroborating with the high performance observed in
our study. Despite its high levels of sensitivity and specificity, DAT is
associated with problems in antigen quality control, refrigeration and
lack of standardization of the test reading (Srivastava et al., 2011;
Sundar and Rai, 2002). Therefore, in the present study, a commercial
DAT kit was used to minimize this issue and indeed it displayed an
efficient performance. Nevertheless, the possibility of quantification
from PPFP through flow cytometry minimizes limitations such as the
subjectivity of the readings, which is observed in agglutination tests
such as DAT. As for the ELISA assay, it has the lowest performance
among the different tests evaluated here.

An alternative to crude lysate in serological tests is the use of re-
combinant antigens, such as rK39 used for the rapid test, which is used
in several countries and the rK28 rapid test, which was developed as a
novel antigen for VL diagnosis in east Africa (Pattabhi et al., 2010;
Pedral-Sampaio et al., 2016). Machado de Assis et al. (2016) showed
that the rK39 test presented the best sensitivity and cost-benefit in the
diagnosis of VL. However, in some endemic countries such as Sudan,
the sensitivity of this test is unsatisfactory, which may be related to low
amounts of antibodies produced by individuals or to the below-ideal
test format (Abass et al., 2013). Flow cytometry, possibly associated
with the use of recombinant antigens, may emerge then as an important
alternative for the specific diagnosis of VL.

Despite its higher sensitivity, the costs associated with the flow
cytometer are still a limitation, since it requires a medium-sized la-
boratory apparatus, in addition to the maintenance and training of
personnel (Shapiro, 2003). However, that is minimized due to the as-
surance of higher sensitivity. The presence of photomultiplier detectors
provides technical support for quantitative antibody analysis and pro-
vide the management of assays with such high serum dilutions, when
compared to those usually tested by standard methodologies (Vitelli-
Avelar et al., 2007). In addition, flow cytometry has already been used
in clinical laboratories of developing countries to diagnose HIV/AIDS,
cancer and anemia (Mandy et al., 2002; Pati and Jain, 2013; Denes
et al., 2015; Pang et al., 2018). Therefore, its use for the serological
diagnosis of VL is technically possible and can be scaled up with the
possibility of using microtiter plates, which allow the diagnosis of
several patients simultaneously (Rocha et al., 2006). The performance
observed by flow cytometry in the present study strongly reinforces this
possibility, as well as opening up new avenues of research with this
technique such as the understanding the humoral response in VL and
VL-HIV/AIDS patients. The possibility still exists to improve the tech-
nique still further with, for example, the use of recombinant antigens
associated with beads.
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