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Visceral leishmaniasis (VL) is a severe systemic and infectious disease potentially fatal when undiagnosed
or untreated. So far, accurate diagnosis is still a problem, especially in endemic areas and in the tracking
and screening of asymptomatic dogs, which are good reservoirs and main host in urban areas. Recom-
binant antigens based on DNA technology have provided more reliable serological diagnostics since the
specificity can be achieved easier than using whole extracts. This work reports a sensitive piezeolec-
tric immunosensor for anti-Leishamnia antibodies based on rLci2B recombinant antigens immobilized on
quartz crystal electrode. The electrode surface was assembled by a nafion film recovered by gold nanopar-
ticles (AuNPs) to promote a greater amount of rLci2B due to the increase of surface area and stability on
bonds. The immunosensor distinguished the positive VL canine serum showing a good linearity (r = 0.989;
p << 0.01) and a low relative error (<5%) at 1:400 to 1:1600 serum dilutions. The system based on AuNP
achieved better results regarding sensitivity and reproducibility than the cysteamine-based immunosen-
sor without AuNP (r=0.769; p=0.147). The results obtained show as a promising tool for diagnosis of the

VL.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Visceral leishmaniasis (VL) or kala-azar is a chronic, debilitating
and occasionally fatal disease that has an estimated incidence of
500,000 cases per year. This zoonosis is widely distributed endem-
ically in 65 countries [1] and caused by a protozoan of the genus
Leishmania, with an anthroponotic species (Leishmania donovani),
occurring in Asia and Africa, and a zoonotic species (Leishmania
infantum) occurring in the Mediterranean Region and South Amer-
ica, where it was previously called Leishmania chagasi (=syn. L.
infantum). American visceral leishmaniasis VLA is considered solely
caused by L. infantum [ 1], and transmitted by Lutzomyia longipalpis,
a phlebotomid fly. The dogs have all the characteristics of a good
reservoir for the parasite: they are present in the domestic and
peridomestic environment working as a powerful source for the
vector, and they develop high parasitic skin, allowing a high rate
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of infection [2]. These characteristics are important to maintain the
domestic cycle vector-dog-vector-human [3], The diagnosis of dogs
with visceral leishmaniasis is critical to public health [4], and its
epidemiological origin and symptoms should be considered [5].
So far, effective diagnosis of VL remains a challenge for the
scientific community. Parasitological diagnosis based on visualiza-
tion of the parasite is usually considered as the gold standard for
disease diagnosis. However, this technique requires highly skilled
personnel and the information is limited, particularly when par-
asitaemia is low. The polymerase chain reaction (PCR) test has
proven to be an effective test for diagnosis of leishmaniasis [6-9],
but also requires expensive reagents and equipment as well as
skilled personnel, being not appropriate for fieldwork. Serologi-
cal methods such as enzyme-linked immunosorbent assay (ELISA)
sometimes combined to the immunofluorescence assay test (IFAT)
to increase specificity has been usually employed [10-14], never-
theless a low reproducibility and specificity values are obtained
due to the use of whole parasite extracts as antigens. Recently,
Souza et al. (2012) [5] developed a ELISA serological test based on a
purified recombinant Leishmania antigens (rLci2B) that confirmed
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a high sensitivity (96%) and specificity (95%) evaluating in a leish-
maniasis canine serum panel (n=256). The purified proteins did
not present cross-reactivity with sera from dogs infected with Try-
panosoma caninum, Babesia canis and Ehrlichia canis. Cross-reaction
was verified only agaisnt sera from dogs infected with Leishma-
nia brasiliensis (11,7% for rLci2B) [5]. Based on ELISA results, use of
rLci2B as antigens for diagnostic of canine leishmaniasis was rec-
ommended. Although the ELISA test has been widely diffused it
does not considered a practical and economical method, beside to
be a time-consuming and non-practical especially for screening and
epidemiological studies.

On last few decades, a number of researchers have been devoted
to the development of biological sensors for microorganism detec-
tions [15]. Such sensors offer several advantages because they
not require pretreatment of the sample, have a low cost, ease of
use, rapid detection and label-free or radiation-free reagents [16].
The quartz crystal microbalance (QCM) is a sensitive label-free
and on-line detection of adsorbed analytes based on the linear
relationship between the decreased resonant frequency of a piezo-
electric quartz crystal and the mass deposited on its surface [17]
QCM immunosensor has been widely used for investigations of
biomolecular interactions and innumerous immunoassays [ 18-20].
However, extensive efforts are still necessary to improve the sen-
sitivity and specificity of QCM-based immunosensors [21,22].

Nanomaterials have emerged as potential tools for biosensor
development by the increase of the sensitivity of assays [23]. Gold
nanoparticles (AuNPs), owning to the non-toxic nature and excel-
lent biological compatibility, have recently attracted significant
attention for a variety of biomedical applications [24,25]. AuNP
enhances the sensitivity of sensors by increasing effective area of
the electrode surface and promote a larger amount of immobi-
lized antibody or antigen molecules, thus increasing the sensibility
of the assay [16,26]. Additionally, AuNP is also a useful interface
for the electrocatalysis of redox processes by increasing the elec-
tron transfer between redox proteins and bulk electrode material
[27,28].

In order to improve the binding capacity of bioreceptor and per-
mit a stable platform, AuNPs are often conjugated to other materials
like polymers and other compounds [29,30]. Nafion is a sulfonated
tetrafluorethylene copolymer that acts as an ion exchanger with
a preference for hydrophobic cations [31,32]. Besides, nafion is
chemically inert and hydrophilic [31], showing ideal properties
for the preparation of biosensors. Herein, nafion was used to
anchor the cysteamine modified AuNP by strong linkage due to its
sulfona group. Acting as a matrix support, nafion offers the advan-
tage in simplicity and stability for AuNP attachment and it is an
easy protein immobilization procedure. Aiming at the detection of
infected dogs by L. infantum a label free immunosensor consisting
of AuNP-nafion film and a selective recombinant antigen to pro-
vide an immunoassay with high sensitivity and specificity values is
described.

2. Materials and methods
2.1. Reagents

Cysteamine (hydrochloride), glycine, bovine serum albumin
(BSA) were supplied by Sigma-Aldrich (St Louis, MA, USA). Potas-
sium hexacyanoferrate (III) was acquired from VETEC Inc. (Sdo
Paulo, SP, Brazil). Gold nanoparticles (AuNP) of approximately
3-5nm were acquired from Sigma Aldrich (St. Louis, MA, USA).
Nafion (polyanionic perfluorosulfonate) was acquired from Ion
Power, Inc. (New Castle, DE, USA). All other reagents were of ana-
lytical grade. The water used to prepare all solutions was obtained

from a Milli-Q water purification system (Millipore, Billerica, MA,
USA).

2.2. rLci2B antigen

The L. chagasi/L. infantum recombinant antigen (rLci2B) was
obtained and characterized as described by Ramos-Jesus et al. [20].
The recombinant protein was produced using the Escherichia coli.
The process was registered in the National Institute of Industrial
Property of Brazil (INPI) with number PI0900961-2. The rLci2B is a
293 amine acid long polypeptide with an N-terminal six histidine
tag having homology with parasite cytoskeleton protein kinesin.
The recombinant antigen, showed with potential for serodiagnosis
of L. chagasi/L. infantum according to ELISA, has been tested against
sera from dogs with the following conditions: (a) 46 dogs naturally
infected with Leishmania, detected by splenic aspirate and culture
from endemic areas which were either polysymptomatic (21 dogs),
oligosymptomatic (21 dogs) or asymptomatic (4 dogs); (b) 31 dogs
from Leishmania-free areas: 7 with demodicosis; 4 with babesiosis;
and 20 dogs with ehrlichiosis. All diseases were parasitologically
confirmed. The infectious agent of all diseases was specifically con-
firmed, and assay for VL demonstrated sensitivity and specificity
above 90% [33]. L. infantum kinesin was also tested by an ELISA
kit showing as non-reactive to other species of Trypanosomatidae
[34,35].

2.3. Canine serum samples

The canine serum samples were obtained from dogs naturally
infected with L. infantum from an endemic area, detected by spleen
aspirate cultures. All infections were parasitological confirmed by
ELISA assays. Sera from healthy mongrel dogs housed in a non-
endemic area were used as controls (negative LV). The protocol for
animal handling was approved by the Ethics Committee on Animal
Use of the Gongalo Muniz Research Center, Fundacdo Oswaldo Cruz,
Bahia, Brazil.

2.4. Equipments and measurements

The experimental setup consisted of the Research Quartz Crystal
Microbalance System —RQCM (Maxtec Inc.,USA) with a circuit that
incorporate an adjustable crystal capacitance cancelation to reduce
error caused by parasitic capacitance of the crystal. The RQCM was
connected to a PGstat 1.2 potentiostat/galvanostat Autolab (Eco
Chemie, Utrecht, Holland), both coupled to a microcomputer, which
is controlled by the GPES program, version 4.9 (Eco Chemie, Utrecht,
Holland).

The cyclic voltammograms were registered using a three elec-
trode system, which was immersed in an electrochemical cell
with 40 mL volume. The quartz crystal electrode (9 MHz, Maxtec
Inc., USA), as a working electrode, Ag/AgCl, as reference electrode
and helicoidal platinum wire, as auxiliary electrode, were used.
The electrochemical cell (40 mL volume) was filled by a redox
probe solution of 5 mmol L~ K3[Fe(CN)g]/K4[Fe(CN)g] prepared in
0.1 mmol L~ of KCI, and the cyclic voltammetries were carried out
at 100mVs~! scan rate.

Change frequencies from the quartz electrode by adsorption
were acquired at 1 Hz sampling rate. The quartz crystal electrode
was setup in the EQCM chamber (400 wL volume) coupled to two
peristaltic pumps. Phosphate buffered saline (PBS, 50 mM, pH 7.2)
was used as carrier buffer and the temperature was 23 °C. For all
measurements, the flow (300 uLmin—') was stopped and baseline
stabilized when the coefficient of variation was less than 5%.
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Fig. 1. Schematic representation of stepwise modification on the quartz crystal electrode for and rLci2B antigen immobilization.

2.5. Preparation of the quartz crystal immunoelectrode

Prior to modifications, the quartz crystal electrode was sequen-
tially cleaned in 0.5M NaOH, ethanol and distilled water. Nafion
film was obtained by the dip-coating method, in which the coated
quartz crystal electrode was dipped in the solution of 5% (v/v)
nafion in ethanol, and was dried at room temperature for 2h,
maintained in an excicator. Afterwards, a suspension contain-
ing the cysteamine modified AuNP was incubated for 1h on the
modified electrode. The amine-AuNP [5.47 x 109/ml] was achieved
by transferring to a microtube 180l of cysteamine solution
(50 mM mmol/l), prepared in 10mM phosphate buffered saline
(PBS) pH 7.2, and incubating for approximately 2 h at room tem-
perature with 20 w1 of AuNP solution [1:1] containing 2.7 x 1012
per ml. To immobilize the antigen on the surface of the AuNP,
the rLci2B was pre-incubated for one hour with a solution of
1-ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride
(EDC) and N-hydroxysulfosuccinimide (NHS). EDC reacts with
carboxyl groups in the antigen, forming an intermediate amine-
reactive compound (o0-acylisourea). Afterwards, the modified gold
electrode was incubated with rLci2B antigen (3 pg/mL) for 1 h. After
immobilization of the recombinant antigen, a solution [1:1] con-
taining 50 mM mmol/1 glycine and 2.5% 25 g/l BSA prepared in PBS

was pipetted on the AuNP modified electrode and left to react for
45 min. Schematic design of modifications on the electrode surface
of immunosensor is shown in Fig. 1.

2.6. Response of the immunosensor

The analytical response of the immunosensor was evaluated by
applying canine serum samples 1:400 diluted in PBS (pH 7.2) in
the sampler. The samples were incubated on the active area of
the quartz crystal electrode in stopped flow for 15 min. Prior to
the all measurement of frequencies, the quartz crystal electrode
was washed with PBS for 5 min. Control tests with normal (nega-
tive) samples were performed as described. All measurements were
conducted at room temperature.

3. Results and discussion
3.1. Preparation of the quartz crystal immunoelectrode

Nano-scale surfaces of AuNPs functionalized by thiol have
recently been used for obtaining enhanced sensitivity of

immunosensor. due to the well-defined self-assembly of thiolate
at the surface of gold through Au-thiol binding that led to an
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Fig. 2. Cyclic voltammogram of (a) bare electrode; (b) nafion film; (c) cysteamine-
gold nanoparticles; (d) rLci2B; (e) glycine and solution. Readings taken at pH 7.4;
scanning speed: 100 mVs~!,

increased effective surface to provide a sufficient amount of sites
for binding[36]. In the present study, cysteamine was used to elec-
trostatically bind AuNP to a nafion film on the electrode surface
[37] and to provide a functionalized surface for immobilization of
the recombinant antigen [38,39]. Thiols spontaneously adsorb on
noble metals, particularly gold (Au), in order to form an oriented
structure [40,41]. On the other hand, amine groups in cysteamine
provide ideal anchoring for covalent attachment of proteins. Pre-
incubation of the antigen with the EDC solution allows EDC to react
with carboxyl groups in the antigen to form an intermediate amine-
reactive O-acylisourea that is susceptible to hydrolysis, unstable
and short-lived in aqueous solutions. NHS stabilizes the intermedi-
ate amine-reactive compound, converting it into an amine-reactive
NHS ester [42,43], thereby increasing the efficiency of EDC coupling.
This amine-reactive NHS ester reacts with the amine group of cis-
teamine present on the modified AuNP in a stable and organized
manner, producing a conjugate of the two molecules joined by a
stable amide bond. The response of the immunosensor is achieved
by immobilized rLci2B antigen, which interacts with the anti-L.
infantum antibodies present in canine sera.

The stepwise modification of the quartz crystal electrode was
accomplished by cyclic voltammetry. The three electrodes were
immersed in a beaker filled up with a 0,1 mM Fe(CN)g]*~/4~ solu-
tion, which acted as redox probe. Initially, after cleaning the
electrode, well-defined characteristic waves of Fe(CN)g3—/4~ with
peak-to-peak separation (AEp) of about 0.099V are seen on a bare
Au electrode. There was a reduction in the area of cyclic voltam-
metry as a result of mass deposition and the blocking effect of the
electron transfer of Fe(CN)g3~/4- on the surface of the crystal dur-
ing the formation of the nafion film on the crystal surface, antigen
immobilization and the blockage of the nonspecific bindings. The
increase in the current of the redox peaks confirms the presence of
AuNP. The rLci2B immobilization was confirmed by decreasing on
the redox peaks performed with a [Fe(CN)g]3~/4- as redox probe
(Fig. 2).

Quantitative analysis of recovering can be calculated by cyclic
voltammetric technique using as a redox probe an ionic solution
of Fe(CN)g3~/4~ [44-46]. The location and intensity of the redox
peaks can be used in the characterization of surface modification
with respect to the degree of coverage and stability. Fig. 2 displays
successive cyclic voltammograms performed using 1 mM mmol/l
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Fig. 3. Influence of AuNP on response of piezoelectric immunosensor at successive
incubations of positive serum sample (1:400 dilution in PBS serum) for anti-
Leishmania infantum antibodies; (®) with AuNP (1:10); (M) without AuNP.

of K3Fe(CN)g3/4~ in 0.1 M mol/l of aqueous KCl as the redox probe.
When the electrode surface is modified, the electron transfer kinet-
ics of Fe(CN)g3~/4~ is perturbed. Compared with the response on
a bare gold electrode, a reversibility and increase on the redox
peaks were exhibited by the AuNP-cysteamine-modified nafion
gold electrode due to specially to the attractive electrostatic forces
between the protonated amine groups of cysteamine-AuNPs and
nafion film [47]. These profiles are consistent with the enhanced
electron transfer barriers introduced upon the increase of elec-
troactive areas [48]. Besides, the AuNPs have a non-toxic nature and
an excellent biological compatibility. The immobilization of rLci2B
and blockage of non-specific binding on the gold qage uartz crystal
electrode were confirmed by the decreasing of redox peaks [49].
The quantitative analysis of coverage can be estimated by cyclic
voltammetry. Surface coverage (0) is calculated by Eq. (1),

921—(QB&re/QEM) (1)

where Qgare is the charge of the bare quartz crystal electrode and
Qgum is the charge of the electrode modified by nafion, nanogold-
cysteamine, blocking solution and the rLci2B antigen, calculated
from the area under the peak redox of the cyclic voltammogram
exhibited on Fig. 2. According to Eq. (1), the surface coverage of
the electrode by nafion, the rLci2B antigen and blocking solution
provided successively a decrease of redox by hindering the diffu-
sion barrier of 28.26%, 36.14%, 51.26%, respectively, compared to
the bare electrode. Contrary, the AuNP-cysteamine layer promoted
an increase of 4.32% compared to bare electrode. The presence of
cysteamine on the surface of the AuNP allowed the rLci2B anti-
gen to have an and retain its bioactivity. The findings revealed
that the employment of AuNP expanded the effective area of the
electrode, thereby improving the sensitivity of the assay. The ampli-
fication of the detection process is achieved through the interaction
of the sensing surface previously covered by the nafion film with
the AuNP-cysteamine conjugate, increasing the amount of amine
groups on the electrode surface, which act as reactive sites for the
rLci2B antigen. Thus, the frequency response associated with the
antigen-antibody binding event is amplified by mass adsorption
due to immunoreactions (Fig. 3).

3.2. Optimization of experimental conditions

The amount of AuNPs attached to the electrode surface and their
capacity toimmobilize antigens is strongly associated with the sen-
sitivity [50]. Herein, the AuNPs were diluted in different ratios in
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Table 1
Immunosensor response according to concentration of the AuNP.

AuNP/mL R? Intercept value/SD Slope value/SD p

1:2 (2735E12) 0.979 9.031E6/1.257 -3.931/0.465 0.014
1:10 (0.547E12) 0.994 9.064E6/2.385 —13.330/0.653 3.4E-5
1:20 (0.2735E12) 0.989 9.009E6/2.479 -10.797/0.721 1.2E-4

Control (without AuNP) 0.769 9.001E6/11.514 —7.874/3.409  0.147
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Fig.4. Frequency changes ofimmunosensor by successive incubations with positive
serum samples at different PBS dilution (@) 1/400 (CJ) 1/800 and (M) 1/1,600 (a); and
r square plotted as function of serum dilutions (b).

order to determine the maximal sensitivity. The best result was
obtained using ratios of 1:10 (0.547 x 10E12) of AuNP (Table 1).
Analytical performance of immunosensor was established accord-
ing to the potential to discriminate the positive serum. As shown in
Fig. 4a, the immunosensor was capable to discriminate the samples
diluted in PBS up to 1/800. At 1/1,600 PBS serum dilution, frequency
changes of negative serum samples (control) were practically sim-
ilar for all the incubations, considering the standard deviations.
It means that the developed immunosensor presented an optimal
performance at 1:400 serum dilutions. This statement is also con-
firmed by analysis of the coefficient of discrimination (r squared)
obtained from the calibration curves at different dilution ratios. In
dilutions up to 1:800, the r square is significantly smaller than one
unity indicating that the specificity is reduced and the immunosen-
sor was not able to discriminate a positive canine L. chagasi serum
(Fig. 4b).
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Fig. 5. Analytical curve of response to antibodies present in positive (®) and neg-
ative (M) canine serum for anti-Leishmania infantum antibodies under optimal
experimental conditions.

Table 2
Statistical analysis of immunosensor response according to different solutions used
to block nonspecific reactions.

Blocking agent ~ Serum r Slope value/SE p Ef.b (%)

Glycine + 0.966 —9.7E-7/8.7E-8  0.005 40.90
- 0.908 —7.3E-7/2.2E-7  0.191

BSA + 0.985 —1.9E-6/1.7E-7  0.001 52.27
- 0.909 —8.1E-7/24E-7  0.190

Glycine + BSA + 0.986 —1.0E-6/8.E-8 0.001 95.53

—1.180  8.9E-9/3.2E-8 0.196

The sensitivity of the immunosensor was measured through
successive incubations of canine serum samples positive for L.
infantum antibodies diluted at 1:400 in PBS. The positive serum
samples were previously confirmed by absorbance measurements
(OD>2000) in indirect ELISA, according to Ramos-Jesus et al. The
analytical curve showed a good linearity (r=0.9889; p << 0.01),
with a low relative error (5%) (Fig. 5).

The selectivity of the immunosensor was tested by incubating
positive and negative canine serum samples for anti- L. infan-
tum antibodies diluted at 1:400 in PBS. A decreased frequency
response was found when the immunosensor was incubated with
canine serum positive for anti- L. infantum antibodies and a practi-
cally constant response was found when incubated with negative
serum, demonstrating that the immunosensor is selective regard-
ing the identification of anti-L. infantum antibodies in canine serum
samples (Fig. 5). A number of authors have reported the role of
blocking nonspecific bindings by some molecules [51,52]. In the
present study, the use of different blocking agents resulted in dif-
ferent degrees of immunosensor selectivity. Fig. 6 summarizes the
experimentally observed saturation levels of nonspecific binding
obtained after exposure of the blocked surfaces to the L. infantum
positive and negative canine serum samples using one of the three
blocking solutions (PBS containing 50 mM of glycine, PBS contain-
ing 2.5% BSA or PBS containing glycine plus BSA).

Table 2 summarizes a data comparative of the immunosensor
responses to different blocking agents against nonspecific bindings.
Blocking efficiency was calculated by Eq. (2), in which Efb is the
blocking efficiency, AFsp is the delta frequency of positive serum
and AFsn is the delta frequency of negative serum.

AFsp — AFsn

Ef.b(%) = AFsp

x 100 (2)
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Fig. 6. Blocking of nonspecific binding on response of piezoelectric immunosensor
at successive incubations of (M) negative and (®) positive serum samples at dilution
of 1:400; comparison of efficiency of blocking solution with 50 mM of glycine (a)
2.5% albumin (b) and 50 mM of glycine plus 2.5% albumin (c).

In response to the increasing mass on the crystal surface, there
was a decreased frequency of 40.90%, 52.27% and 95.53% in sera
positive for L. infantum in relation to negative serum when the sys-
tem was blocked with a PBS solution containing glycine, BSA or
glycine plus BSA, respectively (Table 2).

Table 3
Statistical analysis of immunosensor response according to different dilutions of
canine serum positive for anti-L. infantum.

Serum dilutions r Slope value/SE p
1:400 0.990 —2.0E-6/1.4E-7 7.5E-4
1:800 0.998 —1.2E-6/3.8E-8 5.2E-6
1:1600 0.954 2.9E-7/4.6E-8 0.008

The blocking of nonspecific binding, in which non-target
molecules bind to the electrode surface, is an important step in the
development of piezoelectric sensors. Washes of the sensor sur-
face prior to reading, in order to remove nonspecifically adsorbed
molecules while leaving the target intact, can improve selectivity. A
number of studies have reported the blocking activity of nonspecific
bonds held by non-target biomolecules (BSA, casein, glycine and
gelatin) to avoid false positivity in immunological assays [51,53].
Results exhibited in Table 2 indicated that the sensing surface previ-
ously exposed to the PBS solution containing glycine and BSA was
more effective as a non-specific binding blocking (95.53%) when
compared to use only glycine or BSA, allowing the immunosensor
to discriminate canine sera positive and negative for anti-L. infan-
tum antibodies more efficiently. It is likely that the dimensional
differences between the two molecules (glycine and BSA) favor the
padding of spaces that were not covered by the antigen and were
not accessed by a blocking agent when used separately, suggesting
an additional blocking action (Fig. 6).

Canine serum contains well over 15 proteins [54] and can there-
fore be considered a good reference for nonspecific adsorption.
Monitoring the uptake of other proteins in canine serum in PBS was
used as a test of blocking ability. The blocking solution containing
both glycine and BSA was more effective in blocking nonspecific
bindings in comparison to each blocking agent employed sepa-
rately. BSA was chosen due to its standard use as a blocking agent
[55]. Small blocking molecules, such as glycine, are preferable to
avoid steric hindrance to the further binding of antigens and the
detection of antibodies [52].

The specificity of an immunosensor is evaluated with regard to
the amount of non-specific bindings that occur on the electrode
surface. One way of studying this is by diluting a serum sample to
reduce non-specific bindings until the sensor is able to discriminate
a positive sample. Table 3 summarizes the data on the responses
of the immunosensor incubated with canine serum at different
dilutions using Glycine + BSA blocking.

The immunosensor was able to detect anti-L infantum antibod-
ies at different dilutions of the serum sample (1:400; 1:800 and
1:1600). Analysis of the correlation coefficients (r) obtained from
the calibration curves with different serum dilution ratios showed
that the optimal dilution ratio was found at 1:800, however observ-
ing the slope value, the best sensitivity was achieved at 1:400. At
this point, it is the best to discriminate canine serum positive for
anti-L. infantum antibodies (Table 3). This immunosensor allowed
detecting of anti-L infantum antibodies using a lower antigen con-
centration (3 wg/mL) than that employed with the ELISA method
[56,57]. The developed immunosensor can be applied to monitor
VL through serology, thereby helping control infection in dogs and
the consequent transmission of the parasite to humans.

4. Conclusions

This immunosensor was able to detect anti-L. infantum
canine antibodies with a low recombinant antigen concentration
(3 pg/mL) without label requirements. The use of AuNP cysteamine
modified to immobilize the recombinant antigen was important
to increase the electroative area and, consequently increase the
sensitivity. This method is simpler, faster and more practical than
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conventional methods. This immunosensor shows as potential for
screening of serum samples of endemic areas, consequently help-
ing improve the control of zoonotic visceral leishmaniasis, being a
promising tool for application in epidemiological studies and clin-
ical diagnoses of disease.
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