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This paper described an impedimetric immunosensor for detecting Plasmodium falciparum histidine-rich protein 2
(PfHRP2). Antibodies from egg yolk (Ab-PfHRP2, IgY type) were linked covalently to the screen-printed gold
electrodes (SPGE) surface modified with a thin film of Poly-pyrrole-pyrrole 3 carboxylic acid (P(Py-Py3COOH) to
develop the sensing platform. The fabrication steps were followed by microscopic (scanning electron micro-
scopy), spectroscopic (RAMAN spectroscopy and Energy-dispersive X-ray spectroscopy), and electrochemical
(electrochemical impedance spectroscopy (EIS) and cyclic voltammetry) techniques. The determination of Ag-
PfHRP2 was performed by EIS, and the BSA(bovine serum albumin)/Ab-PfHRP2(IgY)/P(Py-Py3COOH)/SPGE
immunosensor recorded a linear response at 100-1000 ng mL~! concentration range, with a limit of detection
(LOD) of 27.47 ng mL™". Its performance was confirmed by Enzyme-Linked Immuno-Sorbent Assay. The fabri-
cated device uses a simple strategy of IgY immobilization, showing high sensitivity and good selectivity, and can
be considered an alternative for carrying out malaria tests.

1. Introduction

Malaria is an infectious disease caused by Plasmodium sp. protozoa
and transmitted to humans by the Anopheles female mosquito. Globally,
malaria is distributed in six regions, affecting fundamentally tropical
and subtropical countries. The World Health Organization estimated
229 million cases in 2019 and reported 409,000 deaths [1,2]. In South
America, Brazil has been of the countries most affected by the disease
since the 1930 s. Approximately 99 % of cases are concentrated in the
Amazon region, with the prevalence of infections by Plasmodium vivax
and Plasmodium falciparum species representing a serious public health
problem [3,4].

Plasmodium falciparum synthesizes Histidine-rich proteins (HRPs)
during the asexual erythrocytic cycle. HRPs are biomolecules of
approximately 30 kDa, soluble in water, and composed of amino acids
histidine (73 %), alanine (7 %), proline (7.5 %), glutamic acid (6 %), and
aspartic acid (2.1 %) [5]. Specifically, HRP2 is a stable molecule found
in the parasite’s cytoplasm and released abundantly into the host’s
bloodstream. Ag-PfHRP2 can be detected in red blood cells, serum,

* Corresponding authors.

plasma, cerebrospinal fluid, and urine of infected individuals, with a
positive correlation between blood protein concentration and parasite
biomass [6,7].

Currently, malaria tests are performed through microscopic methods
(gold standard) or rapid diagnostic tests (RDTs). Also, other advanced
techniques are used, such as Nucleic Acid Amplification Assays (NAATS)
or Enzyme-Linked Immuno-Sorbent Assay (ELISA) [8-10]. During the
last decades, various research groups have widely studied the develop-
ment of biosensors for malaria biomarker determination [11-15]. Some
authors have reported immunosensors for the detection of Ag-PfHRP2,
using its manufacture of diverse antibody immobilization methodolo-
gies on conductive substrates (gold or carbon electrodes) [16-21].
Generally, these antibodies (Ab-PfHRP2) are produced in mice or rab-
bits, being G type immunoglobulins (IgG).

On the other hand, Immunoglobulins IgY constitutes an important
fraction of egg yolk protein (equivalent to IgG in mammalian), which
offers protection against pathogens to the embryo and chicks after birth.
IgY is synthesized by plasma cells derived from B lymphocytes [22,23].
IgY possesses numerous advantages over mammalian IgG in high yield,

E-mail addresses: ariamna@ufam.edu.br (A. Maria Dip Gandarilla), wrbrito@ufam.edu.br (W. Ricardo Brito).

https://doi.org/10.1016/j.bioelechem.2022.108273

Received 11 August 2022; Received in revised form 12 September 2022; Accepted 16 September 2022

Available online 21 September 2022
1567-5394/© 2022 Elsevier B.V. All rights reserved.


mailto:ariamna@ufam.edu.br
mailto:wrbrito@ufam.edu.br
www.sciencedirect.com/science/journal/15675394
https://www.journals.elsevier.com/bioelectrochemistry
https://doi.org/10.1016/j.bioelechem.2022.108273
https://doi.org/10.1016/j.bioelechem.2022.108273
https://doi.org/10.1016/j.bioelechem.2022.108273
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bioelechem.2022.108273&domain=pdf

A. Maria Dip Gandarilla et al.

35

30 (a)

25

scan

20

Current (uA)

0.0 02 04 06 08 1.0
Pontential (V) vs pseudo-Ag

Bioelectrochemistry 148 (2022) 108273

(b)

z
o
Q
Q

cC
C and C-C

Intensity (a.u)
c

P(Py-Py3COOH)

W%

SPGE

T T T T T
2000 1750 1500 1250 1000 750 500

Raman Shift (cm™)

Fig. 1. (a) Voltammograms of the electropolymerization process of P(Py-Py3COOH) on SPGE surface, and (b) Raman spectra of bare SPGE and modified with P

(Py-Py3COOH).

low cost, and convenience. In recent years the production of antibodies
in avian (chicken) has attracted noticeable consideration, and numerous
IgYs have been used against diverse antigens, for therapeutic purposes
and for the development of immunoassays [24-27].

The antibodies immobilization onto electrodes modified with con-
ducting polymers, such as carboxylated polypyrrole, is a strategy
frequently used in the biosensor fabrication processes, where a covalent
bond (amide type) is formed between antibodies and carboxylic groups
present in the polymeric surface. The biosensor performance is studied
by measuring their electrical properties through impedance or amper-
ometric techniques [28-32]. PPy films and their derivatives can be ob-
tained by applying an electrodeposition technique in an adequate
monomeric solution [33-36].

In this work, we propose the use of Ab-PfHRP2 (IgY) from egg yolk to
develop a simple sensing platform based on screen-printed gold elec-
trodes modified with P(Py-Py3CCOH) copolymer for the determination
of Ag-PfHRP2.

2. Materials and methods
2.1. Reagents

All reagents were of analytical grade, and the aqueous solutions were
prepared using purified water from a Milli-Q system. Pyrrole, pyrrole 3-
carboxylic acid, bovine serum albumin (BSA), N-(3-dimethylamino-
propyD)-N’-ethylcarbodiimide = hydrochloride = (EDC),  N-Hydrox-
ysuccinimide (NHS), potassium hexacyanoferrate (III), carbonate-
bicarbonate buffer of pH 9.60, tween 80 solution, glucose (Glu),
glycine (Gly) and potassium chloride were purchased from Sigma-
Aldrich (U.S.A). Potassium hexacyanoferrate (II) trihydrate, sulfuric
acid (98 %), and phosphate buffer saline (PBS) of pH 7.00 were from
Merck (Germany).

The biomolecules preparation process was performed in Leonidas
and Maria Deane Institute (Oswaldo Cruz Foundation-Manaus/Brazil).
Ag-PfHRP2 consisted of a recombinant expression of Plasmodium fal-
ciparum HRP2 in Escherichia coli BL21 pLysS (Thermo Fisher Scientific,
U.S.A), and the purification was performed using affinity chromatog-
raphy nickel columns (Qiagen, Germany), following the manufacturer
instructions [37]. 7-week-old Dekalb White laying hens were immu-
nized with peptides coupled to solubilized carbon nanotubes. The anti-
bodies (polyclonal Ab-PfHRP2 (IgY type)) were extracted from chickens’
yolks following the method described by Ko and Anh [38]. Peptide
specific IgY antibodies were purified using a Sepharose resin coupled
with the antigen. Besides, Ab-PfHRP2 (IgG type) produced in mouse and
Lactate dehydrogenase of plasmodium vivax (Ag-PvLDH) were previously

synthesized [21] and used in the ELISA test and selectivity studies,
respectively.

2.2. Instrumentation

The chemical groups of the polymeric film were identified by Raman
spectroscopy using a MacroRam spectrometer, Horiba Scientific
(Japan), with a laser of 785 nm. Scanning electron microscopy (SEM)
images were performed using a TESCAN microscope, VEGA3 model
(France). First, the samples were placed on aluminum stubs with the aid
of conductive carbon tape and covered with a thin gold layer in a Sputter
Coater (Balzers SCD 050 model, Switzerland). Then, the samples were
positioned in the microscope to 5 mm of the electron beam, and an in-
tensity of 30 kV was applied. Elemental analysis of the surface was
analyzed by Energy-dispersive X-ray spectroscopy (EDS), using an AZtec
4.3 EDS detector (Oxford Instruments, U.K), which is coupled to SEM.

The electrochemical data was collated in a PGSTAT128N potentio-
stat (Metrohm Autolab, Netherlands). SPGE (Metrohm Dropsens, Ref
220AT) was used as the conductive substrate, constituted by a gold
working electrode (4 mm in diameter), gold auxiliary electrode, and
pseudo-reference silver electrode. All the experiments were performed
in triplicate and without stirring at room temperature (22 + 1 °C).

2.3. Preparation of the immunosensor

First, the SPGEs were cleaned in 0.5 mol/L H3SO4 solution using
cyclic voltammetry (CV) with potential between 0 and 1.2 V, at 100
mVs’l, during 10 scans. Then, the electrodes were washed with Milli-Q
water and dried with a nitrogen gas stream. A mixture of 0.05 mol/L
pyrrole and 0.1 mol/L pyrrole-3 carboxylic acid prepared in 0.1 mol/L
PBS pH 7.00 was employed as the monomeric solution. The copolymer
was electrodeposited in the working electrode through 5 scans of CV,
with a potential range of 0 to 1 V, at 20 mV s~ 1. Afterward, the COOH
groups present in the film surface were activated with 100 mmol/L EDC
and 50 mmol/L NHS for 1 h. Following, 8 pL of IgY antibody (Ab-
PfHRP2) (0.2 pg uL.~1) was dripped in the working electrode and kept at
4 °C for 4 h in a humid chamber.

Blocking with 1 % BSA for 1 h was carried out to avoid non-specific
binding between the antigen and the activated COOH groups. Finally,
the immunosensor was incubated in Ag-PfHRP2 solution (8 uL) at
different concentrations (10-1000 ng mLY) for 1 h. After each modifi-
cation step, the SPGE was gently washed with Milli-Q water and dried at
room temperature. The electrical response of the immunosensor was
recorded during all modification steps in 5 mmol/L K3Fe(CN)g/K4Fe
(CN)g + 0.1 mol L'! KCl solution, employing EIS at 0.1 V, varying the
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Fig. 2. SEM imagens at 16.7kx of (a) bare SPGE and (b) P(Py-Py3COOH)/SPGE.

frequency with logarithmic spacing frequency in the range from 1 kHz to
10 mHz, with amplitude of 0.01 V.

2.4. ELISA test

ELISA 96-well microtiter plates (SPL Life Sciences, South Korea)
were sensitized for 2 h at 37 °C in a humid chamber, with 50 pL per well
of a solution containing 4 pg mL~! P/HRP2 chicken antibodies diluted in
0.05 mol/L carbonate-bicarbonate buffer pH 9.60. After this period, the
plates were washed with 10 mmol/L PBS containing 0.1 % tween 80
solution and then blocked for 2 h at 37 °C with 10 mmol/L PBS con-
taining 0.1 % tween 80 solutions and 5 % BSA. Then, recombinant
PfHRP2 protein was added at different concentrations (100, 250, 500,
750, and 1000 ngmL 1), and the resulting solutions were incubated for
16 h at 4 °C. Afterward, PfHRP2 mouse antibodies were added at a
concentration of 0.25 ug per well. These plates were incubated for 1 h at
37 °C in a humid chamber, followed by three washes with PBS con-
taining 0.1 % tween 80 solution. Next, biotinylated goat anti-mouse IgG
antibodies (Sigma Aldrich, U.S.A) were added at 1/5000 dilution and
incubated again for 1 h at 37 °C in a humid chamber, the plate was
washed as previously described. An additional incubation was per-
formed by adding streptavidin conjugated with horseradish peroxidase
(SeraCare KPL, U.S.A) at 1/5000 dilution and incubating for 1 h at 37 °C
in a humid chamber. After a new cycle of three washes, 50 pL of one-step
reagent (Scienco, Brazil) were added to the plate and incubated for 10
min at room temperature in the absence of light. The reaction was
stopped with 25 pL of 1 mol/L HySO4. The generated product was
quantified by reading the optical density (O.D) at 450 nm in a spectro-
photometer (LMR-96 model, Loccus, Brazil).

3. Results and discussion

The electropolymerization process using CV technique registered
irreversible voltammograms (Fig. 1. a). During the first scan, there is an
increase in the oxidation current values from 0.25 until 1 V, with a
maximum oxidation peak at 0.6 V. In the subsequent scans, the oxida-
tion currents gradually decrease, evidencing the growth of a brown film
on the electrode surface, clearly visible to the human eye.

The chemical groups of the polymer were identified by Raman
spectroscopy (Fig. 1. b). The spectra of the bare SPGE show a low in-
tensity signal in 1441 cm™!, which may be related to the presence of
other organic compounds out coming from the gold ink [43]. The P(Py-
Py3COOH) deposited on the electrode surface recorded three bands in
the region of 500 to 2000 cm ™!, characteristic of the polypyrrole. The
observed signal at 935 cm™! is related to C—C ring deformation

Element Atomic %
Au 45.25

C 35.34
o 2441
Al 0.00

100.00

20

Element Atomic %
N 2449
C 4521
o 3030
P 0.00

Total 100.00

Fig. 3. EDS spectra of (a) bare SPGE surface and (b) SPGE surface modified
with P(Py-Py3COOH).

(bipolarons). The D band recorded at 1330 cm ! corresponds to C—C in
the aromatic ring and antisymmetric C—N stretching. The G band at
1600 cm™! is characteristic of C=C in-ring and C—C inter-ring
stretching. Several authors have reported similar results for poly-
pyrrole synthesized by chemical polymerization or electro-
polymerization techniques [39-42].

3.1. Morphological characterization

The morphological characterization of the SPGE modified with P(Py-
Py3COOH) film was analyzed by SEM technique. The bare SPGE image
(Fig. 2. a) reveals a heterogeneous and irregular surface, forming metal
grains of different sizes. A porous surface (like a sponge) is observed,
with ripples and holes. Other authors have reported similar character-
istics for printed gold electrodes, and this fact may be associated with
the deposition process of the gold ink during its manufacture [43,44].

After deposition of the polymeric film, the image evinces an increase
in the irregularity of the surface, with scale-like structures, in a compact
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form, which covers the surface of the gold electrode (Fig. 2. b).

Elemental analysis by EDS was performed to analyze the atomic
composition of the polymeric surface. The EDS spectra of the bare gold
SPGE (Fig. 3. a) revealed Au atoms (45 %) as the majority element. In
addition, other elements, such as C and O, from the organic compounds
used to manufacture the electrodes were detected, corroborating the
results obtained by Raman spectroscopy [45].

On the other hand, the EDS spectra of the polymeric surface (Fig. 3.
b) recorded nitrogen (24.94 %), carbon (45.21 %), and oxygen (30.30
%) atoms. These atoms make up the aromatic ring and functional groups
of P(Py-Py3COOH), and their identification confirms the presence of the
copolymer on the electrode surface.

3.2. Electrochemical characterization

The electrochemical characterization of PfHRP2/BSA/IgY/P(Py-
Py3COOH)/SPGE fabrication steps were followed by EIS (Fig. 4) and the
Ret values calculated by iterative fitting (NOVA 2.1.5 software) of the
experimental data to the Randles equivalent circuit (Fig. 4. b, inset).
Here, the resistance of the solution, contacts, and connections (Rs), and
charge transference resistance (Rct) are measured at the high frequency
region. The linear part at lower frequencies is the impedance described
by Warburg (Zw) and is related to the mass transfer of the redox species
to the electrode (diffusion process). The constant phase element (CPE) is
the impedance of the electrode/solution interface. The Zy and Rs are not
affected significantly by the modifications that occur on the electrode
surface. Therefore, the capacitance and Rct parameters are mainly used
in impedimetric sensors [46]. In this work, the Rct values were used to
determine the electrodes interfacial properties using redox couples ([Fe

(CN)6]4'/ 3 in the solution.

The impedimetric response of bare SPGE showed a profile non-
resistive, with a small semicircle at high frequencies and low values of
Ret = 7.71 Q (Nyquist diagram, Fig. 4. a, inset). After electro-
polymerization of P(Py-Py3COOH) on SPGE, the electrode recorded a
highly resistive profile, and the impedance values (|Z|) evidenced
remarkable increases when compared to the bare electrode (Bode dia-
gram, Fig. 4. a). In the Nyquist diagram (Fig. 4. b), the polymeric film (P
(Py-Py3COOH)/SPGE) exhibited a large semicircle with high Rct values
(115 k). This behavior is due to the insulating characteristics of the
copolymer, which are intensified by the presence on the surface of
COOH groups, negatively charged, that interact repulsively with the
electrochemical probe ([Fe(CN)¢] 4/ 3'), with negative charges too
[32,46].

In the next step, the COOH groups were activated with EDC/NHS
coupling agents and was observed a notable decrease in the resistance
values (15.9 kQ) (Fig. 4. b). This behavior can be attributed to the
attraction between the NHjy groups (positively charged) of intermediate
esters formed in the activation process and the electrochemical probe
(negatively charged). The reactions using EDC/NHS are widely used for
covalent coupling of biomolecules to surfaces modified. Several authors
have reported these methodologies in immunosensor manufacture,
resulting in devices with excellent performance for antigen detection
[32,47,48]. After IgY immobilization and block with BSA were regis-
tered (for both modifications), an increase of the semicircle curve and
Rct values of 40.5 kQ and 53.0 kQ, respectively. Here, the electrode
surface is partially blocked by the presence of structures with large
molecular sizes that limit the charge transference [21]. Finally, an even
higher hindrance effect (Rct = 65.3 kQ) was noticed when the
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immunosensor was incubated in Ag-PfHRP2 solution (500 ng mL™1),
caused by the formation of the antibody-antigen complex.

The optimization of Ab-PfHRP2 (IgY) incubation time is an impor-
tant step that allows us to reduce fabrication times and obtain an
immunosensor with better performance during the detection of the
target analyte. Various incubation times were studied (2, 3, 4, and 6 h),
and the electrochemical response was measured by EIS. The variation of
charge transference (AR) was calculated, where AR = Rct (afeer 1gy) - Ret
(before Igy)- The results of Fig. 4. ¢ exhibit an increase of AR values with
the incubation time until 4 h. Non-considerable AR increases were
noticed at higher incubation time hence 4 h was adopted as the optimum
time for the Ab-PfHRP2 (IgY) immobilization.

Another parameter, such as Ab-PfHRP2 (IgY) concentration, was
used according to Figuereido et al. They utilized antibodies from egg
yolk (IgY type) of 0.2 ug uL.~! concentration for the development of an
immunosensor for dengue detection, and under these experimental
conditions, the device showed good performance [49].

Reproducibility studies were performed to evaluate the stability of
the immunosensor. Three BSA/Ab-PfHRP2(IgY)/P(Py-Py3COOH)/SPGE
immunosensors were manufactured and stored in a moist chamber at
4 °C for 3 weeks. The impedimetric response of each immunosensor was
collected for 7, 15, and 21 days. The results showed reproducibility and
good stability up to 15 days of storage (Fig. 4. d) without remarkable
variation in the Rct values. After 21 days, the Ret decreased ~ 10 %.

3.3. Determination of Ag-PfHRP2

The analytical performance of the immunosensor was examined with
Ag-PfHRP2 standard solutions (n = 6) at different concentrations: 10,
100, 250, 500, 750, and 1000 ng mL! prepared in 0.1 mol/L PBS pH
7.00. The EIS spectra of Fig. 5. a (Nyquist diagram) shows an increase of
the semicircle curve with the increase of antigen concentration and
higher values of |Z|, and phase angle is recorded when concentration
increases until 1000 ng mL~! (Bode diagram, Fig. 5. b). The calibration
curve was obtained by plotting AR(kQ) (AR = RCt(after Ag-PfHRP2) -
Retpefore Ag-PfHRP2)) Versus PAHRP2 concentration (Fig. 5. c). The linear
relationship was established from 100 to 1000 ng mL ™! Ag-PfHRP2, and
the LOD calculated was 27.47 ng mL ™}, The curve equation was defined
as AR(kQ) = 0.024[Ag-PfHRP2]-0.237, with R? = 0.992. According to
the reports of other authors [50,51], this concentration range can be
associated with severe malaria.

Also, experiments through the ELISA technique were performed to
confirm the results obtained by EIS for Ag-PfHRP2 determination. The
calibration curve was obtained by plotting optical density (O.D.) vs Ag-
PfHRP2 concentration (Fig. 5. d). The results show a linear relationship
in the concentration range from 100 — 1000 ng mL™}, with a LOD of
53.95 ng mL!. The curve equation was defined as 0.D = 4.17x10™*[Ag-
PfHRP2] + 0.409, with R? = 0.984.
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Fig. 6. Electrochemical response of immunosensor after incubation in binary
solutions (Ag-PfHRP2 -+ interfering) recorded by EIS in Fe(CN)gl*/+
KCI solution.

Table 1
Comparison with other methods reported for Ag-PfHRP2 detection.

System Method Principle LOD Reference

Immunoassay Malaria ELISA kit 25 pg [55]

mL~!

Immunoassay Antibodies (IgG) conjugated to 0.5 ng [51]
magnetic spheres and quantum dots. mL~!

Immunosensor Gold electrodes modified with 36 pg [56]
colloidal gold nanoparticles and mL~!
antibodies (IgG).

Immunosensor  Graphite-epoxy electrodes modified [57]
with antibodies (IgG) linked to 0.36 ng
magnetic beads and nanoparticles. mL !

Immunosensor Gold electrodes modified with carbon 0.97 fg [58]
nanotubes-ZnO nanofibers and mL~!
antibodies (IgG).

Immunosensor  Gold coated quartz crystal modified 12 ng [17]
with self-assembled monolayers of mL~!
thioctic acid, 1-dodecanethiol and
antibodies (IgG).

Aptasensor Gold electrodes modified with di- 3.15 [19]
thiobis-succinimidyl propionate and pmol/L
amine-functionalized aptamer.

Immunosensor Indium tin oxide electrodes modified 1pg [59]
with primary antibody (IgG) and mL~!
methylene blue labeled secondary
antibody

Immunosensor Gold disc electrodes modified with a 3.3 ng [21]
polymeric matrix of dihexadecyl mL~!
phosphate and antibodies (IgG).

Immunosensor  SPGE modified with carboxylated 27.47 ng  This work

polypyrrole films and antibodies (IgY). ~ mL™!

3.4. Selectivity study of the immunosensor

The selectivity tests constitute an important step in the development
of immunosensors because they allow the evaluation of the possibility of
application in real samples without interference from other molecules.
The immunosensor was incubated for 1 h in binary solutions (Ag-
PfHRP2 + Glucose, Ag-PfHRP2 + Glycine, and Ag-PfHRP2 + Ag-
PVLDH), each component at 500 ng mL™!. Later the impedimetric
response was measured by EIS under the same experimental conditions
used in Ag-PfHRP2 determination. The AR was calculated from the Ret
values (obtained from Nyquist diagram) before and after incubation in
each binary solution. The results of Fig. 6 indicate a low rebinding for
glucose (4.06 %), glycine (6.58 %), and Ag-PvLDH (3.41 %), suggesting
that the immunosensor presents good selectivity for Ag-PfHRP2 deter-
mination. Other works with values until 11 % have considered the
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biosensors with an affinity for the target molecule [52-54].

Table 1 shows other methods reported for the determination of Ag-
PfHRP2. The immunosensor described in this work showed stability and
good performance, and the registered LOD is acceptable compared to the
methodologies reported in Table 1. Our method uses egg yolk antibodies
and has not been applied in developing immunosensors for Ag-PfHRP2
detection. The proposed immunosensor is simple, based on antibodies
immobilization on polypyrrole thin films through covalent binding,
label-free and direct detection of antigens. However, it uses cheaper
materials than the reported methods, which use complicated method-
ologies, and expensive reagents such as carbon nanotubes, nano-
particles, magnetic spheres, ionic liquids, nanofibers, or quantum dots.

4. Conclusions

In summary, we explore the application of (IgY) egg yolk antibodies
to develop an impedimetric immunosensor for the determination of
PfHRP2 antigen. The electropolymerization of a polymeric film on SPGE
was performed successfully, and Ab-PfHRP2 (IgY) was immobilized
(through covalent bonding) on P(Py-Py3COOH)/SPGE surface. The
immunosensor showed excellent performance in the concentration
range of 100 to 1000 ng mL ™!, with LOD of 27.47 ng mL™L. The device
could detect other molecules less than 7 % for all the compounds tested.
The immunosensor presents simplicity, short manufacture time, stability
and high sensitivity, and selectivity using IgY type antibodies, which
constitute attractive advantages for application in human serum samples
from a patient with malaria caused by Plasmodium falciparum.
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