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A B S T R A C T

Leptospirosis is a critical human health problem in the tropical area, thus, a precise technique that can be used
for point-of-care analysis is greatly required. This is the first report on electrochemical immunosensor based on
gold-labeled monoclonal anti-LipL32 for rapid, simple and sensitive determination of LipL32. The sensor con-
sisted of two LipL32-specific antibodies: an unlabeled capture primary antibody (Anti-1°Ab) and an electro-
chemically detectable gold-conjugated secondary antibody (Au-2°Ab). The Anti-1°Ab was immobilized onto the
modified screen-printed graphene electrode (SPGE) to form the anti-LipL32 surface. The electrochemical signal
response was determined by differential pulse voltammetry (DPV). In the presence of LipL32, the sensor dis-
played a significant increase in current response in a concentration-dependent manner, but no observable signal
was detected in the absence of LipL32. The linearity between LipL32 concentration and the measured current
was found in a range of 1–100 ng/mL, and the limit of detection (LOD) (3SDblank/Slope) and limit of quantitation
(LOQ) (10SDblank/Slope) were found to be 0.28 and 0.93 ng/mL, respectively. This sensor was successfully
applied to detect pathogenic Leptospira whole cell lysates samples with the satisfactory results. The promissing
results suggested that this immunosensor might be an alternative tool for diagnosis of leptospirosis.

1. Introduction

Leptospirosis, a global zoonotic disease caused by pathogenic
Leptospira, is a crucial human health problem in the tropical areas
(Bharti et al., 2003). In the past decades, human cases of leptospirosis
have dramatically increased, and among these cases are from patients
who live in the regions with limited public healthcare resources
(Goarant, 2016). The pathogenic Leptospira infection is typically
transmitted to humans through exposure with water or soil polluted
with the urine of infected animals. To date, the controls of a zoonotic
disease have received much concern worldwide.

Leptospirosis can cause mild to severe clinical manifestations, such
as fever, headache, myalgia, conjunctival suffusion, hepatomegaly,
pulmonary hemorrhage, jaundice, and renal failure (Daher et al., 2014).
Nevertheless, at the early stage of illness, the clinical features of lep-
tospirosis are non-specific and difficult to distinguish from other in-
fectious diseases. Therefore, the laboratory tests are required to confirm

the diagnosis and indicate appropriate treatment, which is crucial for
morbidity and mortality rate (Budihal and Perwez, 2014). Hence, the
efficiency and accuracy of the pathogen identification is essential.
Various specimens such as blood, urine and/or relevant fluids are often
employed as the target samples for Leptospira culture (Musso and La
Scola, 2013). However, leptospiral culture requires special media and
may take up to 4 weeks to report due to slow growth rate resulting in
low sensitivity and delayed diagnosis.

To date, numerous techniques have been established for leptos-
pirosis diagnosis, such as IgM Enzyme-Linked Immunoassay (IgM
ELISA), Microscopic Agglutination Test (MAT), Dark Field Microscopy
(DFM), Polymerase Chain Reaction (PCR) (Budihal and Perwez, 2014;
Musso and La Scola, 2013). One of the most common targets of de-
tection is LipL32, a major outer membrane protein (OMP) of pathogenic
Leptospira grown in vitro and in vivo (Haake et al., 2000; Hoke et al.,
2008; Sumarningsih et al., 2016). Nonetheless, these techniques still
possess some limitations. The drawback of IgM assay is lack of
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sensitivity and false positive detection because IgM antibodies can
persist in blood for several months. Although MAT is currently a stan-
dard method for diagnosis of leptospirosis, its performance is limited to
reference laboratories as there is a need to preserve a panel of viable
leptospiral strains for preparing antigens. This method is labor intensive
and requires uncommonly available instrument. The disadvantages of
DFM is low sensitivity and specificity. PCR requires expensive reagents
and instruments (Budihal and Perwez, 2014). Hence, these techniques
are unsuitable for countries with inadequate resources. Therefore, the
novel detection methods offering simplicity, high sensitivity, and ra-
pidity are still greatly required for primary medical diagnosis and
controlling of the disease.

Electrochemical detection is an attractive alternative technique for
practical application in primary medical diagnosis due to its several
advantages for point-of-care testing (Hammond et al., 2016; Huang
et al., 2017; Wang, 2006; Zhang and Liu, 2016). The electrochemical
immunosensor can be categorized into two detection modes: “signal-
on” and “signal-off (Kuang et al., 2010; Wu and Lai, 2013). The “signal-
on” mode provides a much-improved signal compared to the “signal-
off” mode, which inherently suffers from limited signaling capacity to a
maximum of 100% signal suppression. The small signal change could be
difficult to detect due to the presence of large background signal from
the initial signal, leading to false-positive results (Anne et al., 2003;
Mao et al., 2003; Wu and Lai, 2015). To eradicate these limitations, it is
more desirable to develop a “signal-on” detection method. Up to now,
electrochemical measurement has been applied in many applications,
especially in biologica analyses (De Souza and Machado, 2005; Emran
et al. 2018a, 2019; Emran et al., 2018e; Emran et al., 2018f; Goyal
et al., 2006; Hammond et al., 2016; Jampasa et al., 2014). However, so
far there is no available electrochemical sensor to detect LipL32 protein
of pathogenic Leptospira.

Hence, our aim is to introduce a novel electrochemical sensor for a
simple and highly selective determination of LipL32. A sandwich-type
format was implemented for the formation of Anti-1°Ab, LipL32 and the
Au-2°Ab. The presence and absence of LipL32 was monitored by ob-
serving the signal response of gold conjugated on the secondary anti-
body. To successfully fabricate the electrochemical immunosensor, a
disposable SPGE was used. The analytical performances including the
sensitivity, specificity, and reproducibility of the developed im-
munosensors were evaluated. Finally, this LipL32 immunosensor was
applied to detect pathogenic Leptospira whole cell lysates.

2. Experimental

2.1. Chemicals, apparatuses and measurements

Details of chemicals, apparatuses and measurements are presented
in Supplementary Information (SI).

2.2. Production and purification of monoclonal antibodies

Details of antibodies production, purification and source can be
found in SI (Figs. S1 and S2).

2.3. Fabrication of the SPGE

The disposable SPGE was fabricated using an in-house screen-
printing technique as previously described (Jampasa et al., 2016). The
design and fabrication process of SPGE are described in SI (section 1.6,
Fig. S3).

2.4. Preparation of the LipL32 immunosensor and electrochemical
measurement

In this present work, a selective sandwich-type assay format was
employed (Izumi et al., 1991; Jampasa et al., 2018a). The sensor is

comprised of two LipL32-specific monoclonal antibodies, one with a
label and another one is unlabeled. The importance and advantages of
using monoclonal antibodies in the diagnostic test are their high spe-
cificity, minimal background noise and cross-reactivity, long-term
continuous production as the source of reagents, and high consistency
of the result (minimal lot-to-lot variation) (Bayat et al., 2015). For the
immobilization step, an unlabeled Anti-1°Ab was covalently attached
onto the electrode surface using the standard EDC/sulfo-NHS chemistry
since it provides the direct conjugation of GO carrying a carboxylic
group (–COOH) to the primary amine groups (–NH2) on the antibodies
(Raghav and Srivastava, 2016). Prior to modification, the electrode
surface was cleaned extensively with Milli-Q water, followed by a drop-
casting of a 0.5 mg/mL GO (2.5 μL) dispersed in dimethyl formamide
(DMF) media. This modified electrode was then left to dry at RT and
denoted as GO-SPGE. After drying, GO-SPGE was further anodized in
0.5 M NaOH with a constant potential of +1.3 V for 40 s to enlarge the
number of carboxylic group on GO sheets (Wei et al., 2007). The ano-
dized GO-SPGE surface was then treated with the solution containing
50mM EDC and 30mM sulfo-NHS (4 μL), prepared in MES pH 4.7, and
incubated at RT for 1 h. The activated surface was rinsed twice with PBS
to remove the unreacted EDC/sulfo-NHS. After this step, the carboxyl
group was converted to the amine-reactive sulfo-NHS ester which is
ready for the next immobilization step. The capture anti-LipL32 solu-
tion (100 μg/mL, 2.5 μL) was dropped onto the sulfo–NHS–activated
surface and left overnight in a sealed small box to prevent the eva-
poration of the solution, at 4 °C. This electrode was left overnight to
allow immobilization of antibody complete. The Anti-1°Ab-GO-SPGE
electrodes were then thoroughly washed with PBS twice to remove the
excess and non-specifically adsorbed antibody on the electrode surface.
After that the nonspecific binding sites on the electrode surface were
blocked via casting of 5% (w/v) skim milk (SKI) (3 μL) solution at the
same temperature for overnight. These electrodes were denoted as AB1-
SKI-GO-SPGE. For LipL32 binding step, the solution of purified re-
combinant LipL32, pathogenic or non-pathogenic Leptospira whole cell
lysates (2.5 μL) at the designated concentration was dropped onto the
WE and left for 50min, followed by the extensive washing with 0.5%
Tween in PBS. The added Tween can enhance the efficiency of this
washing step, resulting in the decreased background signal and the non-
specific adsorption on the electrode surface. After capturing of LipL32,
the solution of Au-2°Ab (10 μg/mL, 2.5 μL) was subsequently dropped
onto the electrode surface and left for 50min. The modified electrode
was then rinsed with PBS to remove the excess signaling antibody.
0.5 M HCl (40 μL) was finally dropped onto the electrode surface again
prior to the electrochemical measurement. Preparations of the LipL32
immunosensor is summarized in Scheme 1.

2.5. Sample preparation

Details of sample preparation is presented in SI, section 1.7.

3. Results and discussion

3.1. Characterization of the modified SPGE

To verify the success of sensor fabrication, the appropriate char-
acterizations such as SEM, EIS and FTIR techniques were used. The
surface morphologies of the modified and unmodified electrodes were
investigated by SEM. As shown in Fig. 1B, after drop casting of GO, the
surface became a tissue-like structure and free from cracks with
crumbled film covered the electrode surface, while the unmodified
electrode showed few flakes of graphene sheets (Fig. 1A). In addition,
after the immobilization of a monoclonal anti-LipL32 (Fig. 1C), the
image depicts the change in surface morphology of electrode with a
smoother and less wrinkle compared to the GO-SPGE, indicating the
successful immobilization of biomolecules on the electrode surface
(Wang et al., 2014). Moreover, to confirm an enlargement of carboxylic
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group on the electrode surface, FTIR was carried out. The FTIR spec-
trum of the GO-SPGE presented all of the characteristic bands for GO
including: C=O stretching at 1716 cm−1, C–O stretching at 1045 cm−1,
and finally the OH stretching at 3205 cm−1 (Fig. 1D, dash line) (Basirun
et al., 2013). The FTIR of the anodized GO-SPGE preserved all the
characteristic bands of GO, except that the peak due to OH and C=O
stretching remarkably increased (Fig. 1D, blue line). This result in-
dicates an enlargement of C=O functional group on the GO sheets.
Moreover, the electrochemical measurement of dissolved dopamine
(DA) solution in mild acidic condition was also conducted to further
confirm the presence of carboxylate groups (–COO‾) on the anodized
GO-SPGE electrode (Wei et al., 2007). The results exhibited the DA
current considerably increased at the anodized GO-SPGE in comparison
to the non-anodized electrode (Figs. S4 and SI). This signal amplifica-
tion can be described by the attraction of the positive charge of DA

molecules being attracted to the electrode surface with the negative
charged carboxylate groups, making it more accessible for the DA
molecule (Wei et al., 2007).

In addition, the Raman shift was also carried out to confirm the
modified SPGE surface with GO. As shown the Fig. 1E, the Raman
spectra of SPGE (brown line) displayed very small both D and G bands
at ~1320 cm−1 and ~1600 cm −1, corresponding to the symmetry A1g

mode and the E2g mode of sp2 carbon atoms, respectively. Similarly, the
Raman spectra of GO-SPGE preserved all the D and G bands (blue line),
except that the peak due to D and G intensity obviously enlarged, in-
dicating the deposition of GO on SPGE (Jabbar et al., 2017; Stankovich
et al., 2007; Zhang et al., 2010).

Scheme. 1. Schematic illustration of the immunosensor fabrication for detecting LipL32.

Fig. 1. SEM images of an unmodified (A), GO-modified SPGE (B) and AB1-GO-SPGE (C). FTIR spectra of the GO-SPGE and anodized GO-SPGE (D). Reman spectra of
the SPGE and GO-SPGE (E).
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3.2. Electrochemical detection of LipL32 by using the developed
immunosensor

The electrochemical detection of LipL32 was performed by DPV
using a gold signal response as an indicator. As displayed in Fig. 2A,
after exposure of the prepared immunosensor to the LipL32 solution
and subsequent binding with the signaling antibody, a characteristic Au
peak apparently appeared at +0.4 V, while only negligible response
was observed in a negative control. This result demonstrated that the
immunosensor successfully detected LipL32. However, after con-
sidering a negative control signal, there was a small peak appeared
(~0.1 μA). This might be due to there is non-specific adsorption oc-
curred on the electrode surface. Nevertheless, to obtain a certain signal,
the current response will be background subtracted as shown in Fig. 2B.
All the current plots against concentrations in the presence of LipL32
was background subtraction current.

Furthermore, EIS technique was employed to further verify the
successful fabrication of sensor in a step-by-step fashion. The semicircle
diameters reflect the electron-transfer resistance (Ret) at the electrode
interface, controlling the electron-transfer kinetics of the redox probe
employed ([Fe(CN)6]4−/3−) (Lisdat and Schafer, 2008). As presented in
Fig. 2C, the unmodified SPGE provided a smaller semicircle with an Ret

of 8.58 kΩ (%RSD)=2.43) (SPGE) compared to the GO-SPGE that
exhibited a nonlinear line with an extremely high Ret of 19.19 kΩ (%
RSD=3.22) (GO-SPGE) at high frequencies since GO casted on the
electrode surface is a semiconductor by property (Stankovich et al.,
2007). This clearly demonstrated that GO was successfully casted onto
the electrode surface. When the anti-LipL32 surface was successfully
constructed, a 23.75 kΩ (%RSD=5.01) (AB1-GO-SPGE) increase in Ret

was observed. In addition, the Ret was found to further increase to
30.02 kΩ (%RSD=2.56) (AB1-SKI-GO-SPGE) after the blocking step.
The Ret increment can be explained by the blocking of the electrode
surface by the anti-LipL32 barrier and the adopted blocking agent,
making it less accessible for the Fe(CN)64−/3− redox couple. Ad-
ditionally, the Ret value was remarkably increased to 43.28 kΩ (%
RSD=6.11) (LipL32-AB1-SKI-GO-SPGE) after the addition of target
protein. This is attributed to the shielding effect of the

immunocomplexes (antibody-antigen) on the electrode surface and the
negative charge of carbonaceous nanomaterials including graphene,
which resulted in an additional increase in the negatively charged of
the electrode surface (Feng et al., 2013; Jampasa et al., 2018b).
Therefore, the shielding barrier to the negatively charged Fe(CN)64−/

3− redox couple increased, causing an increase in the charge-transfer
resistance.

From the relationship between Ret and the heterogeneous electron-
transfer rate constant (Ket) according to equation (1), the Ket value of
each electrode could be successfully obtained (Bradbury et al., 2010;
Jampasa et al., 2016).

=K RT
n F R ACet 2 2

et redox (1)

A is the geometrical area of the electrode surface, and Credox cor-
responds to the concentration of the Fe(CN)64−/3−. The Ket values were
calculated to be 0.88×10−5 cm s−1, 0.39× 10−5 cm s−1,
0.32×10−5 cm s−1, 0.25×10−5 cm s−1and 0.17× 10−5 cm s−1 for
the SPGE, GO-SPGE, AB1-GO-SPGE, AB1-SKI-GO-SPGE and LipL32-
AB1-SKI-GO-SPGE, respectively.

In addition, the successful modification of electrode was verified by
CV (Fig. 2D). The results were consistent with EIS, confirming the
successful fabrication of LipL32 immunosensor (Emran et al. 2018b,
2018c, 2018d; Wang et al., 2014). More explanation of CV results can
be found in SI, section 1.9.

3.3. Influence of variable parameters

Our proposed immunosensor is mainly focused on its application in
human system in which the optimal pH in biological fluid is around 7.4.
We conducted the experiment using this pH condition, hence, there is
no further experiment is attempt. The optimization was completed with
the adjusted DPV condition: 60mV amplitude, 50mV s−1 scan rate and
10mV step potential. The amplitude interval was studied in the range
from 10 to 80mV, and the step potential was varied from 2 to 20mV
(Figs. S5 and SI).

Fig. 2. DPV responses of the AB1-SKI-GO-SPGE
after addition of the target protein (30 ng/mL)
and 1% (w/v) BSA for the positive and negative
control, respectively (A). The certain current
comparison after background subtraction (B).
Nyquist plot comparison of the modified elec-
trode using the adjusted EIS conditions: fre-
quency range of 100 kHz to 0.01 Hz, 0.1 V po-
tential and 0. 01 V perturbation amplitude in
5mM Fe(CN)64−/3− (C). Cyclic voltammograms
comparison of SPGE, GO-SPGE, AB1-GO-SPGE,
AB1-SKI-GO-SPGE and LipL32-AB1-SKI-GO-
SPGE (D). The reaction solution was 5mM [Fe
(CN)6]4-/3- containing 0.1M KCl solution, scan
rate: 50mV s−1.
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3.3.1. The capture (Anti-1°Ab) and signaling anti-LipL32 (Au-2°Ab)
concentrations

The concentrations ranging from 100 to 1000 μg/mL and 1–20 μg/
mL were investigated for the capture and signaling antibody, respec-
tively. The current response progressively increased with increasing
both capture (Fig. 3A) and signaling anti-LipL32 antibody concentra-
tions (Fig. 3B), and then reached the maximum value at 300 μg/mL and
10 μg/mL, respectively. The plateau signal was explained by an over-
saturation of the electrode surface at conditions above these limits, and
thus, there are a limited number of conjugated anti-LipL32/LipL32
complexes that could be formed on the electrode surface (Clark and
Adams, 1977). Thus, 300 and 10 μg/mL were the optimal concentra-
tions for the capture and signaling antibodies, respectively. These
conditions were chosen for the further experiments.

3.3.2. The first and second incubation time
The incubation time was studied in the time range from 0 to

100min. The results showed that the current signal gradually increased
within 50min for both the first (Fig. 3C) and second (Fig. 3D) in-
cubation time. The current response signals for both incubation steps
tended to reach a plateau after 50min, which could also be described

by the limited number of immunocomplexes formed on the electrode
surface (Clark and Adams, 1977). Hence, 50 min was therefore selected
as an appropriate time for both first and second incubation.

3.3.3. Effect of blocking agent type and concentration
The surface blocking is a crucial step of immunoassay, since it

prevents antibodies and other interferences from nonspecific binding
(Xiao and Isaacs, 2012). The results revealed that the background signal
was significantly influenced by type of the blocking agents used, BSA
and SKI (5% w/v). The sensor constructed with SKI offered a small
background signal (close to zero or lower than 0.1 μA), indicating that
the highest efficiency of surface blocking was achieved (Figs. S6 and SI)
(Babcock and Brancaleon, 2013; Etzel, 2004). As displayed in Fig. 3E, it
was also found that at 5% (w/v) of SKI was the optimal condition,
hence, this concentration was selected for all further experiments. More
description of this parameter can be seen in SI, section 1.11.

3.3.4. Influence of GO concentration
The amount of carboxylate groups on the transducer surface can

directly introduce by varying of the concentration of GO in the dis-
persed media. To accomplish the proper conditions for the detection, an

Fig. 3. Optimization of variable parameters: capture anti-LipL32 concentration (from 100 to 1000 μg/mL) (A), signaling antibodies (from 1 to 20 μg/mL) (B), the first
incubation time (from 0 to 100min) (C), the second incubation time (from 0 to 70min) (D), SKI loading amount (from 0 to 10 %w/v) (E), GO concentration (from
0.01 to 3mg/mL) (F), at 30 ng/mL of LipL32, using DPV in 0.5M HCl.
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effect of GO concentration was carefully evaluated. As the result ob-
tained, a gradual increase in GO concentrations from 0.01 to 0.5mg/mL
resulted in remarkable increases in the current response of gold-con-
jugated signaling antibody (Fig. 3F). During this period, the number of
carboxylate group significantly increased, resulting in an abundance of
antibody anchoring sites on the electrode surface and a gradual increase
in current responses. This signal then reached the maximum at 0.5 mg/
mL of GO. Nevertheless, the currents response signal dramatically de-
creased as the GO concentration was increased from 1 to 3mg/mL
(Stankovich et al., 2007). This evidence indicated that 0.5 mg/mL of GO
was an optimal condition.

3.4. The analytical performances of the immunosensor

After the formation of Anti-1°Ab-GO-SPGE, a calibration plot of the
current response signal at different LipL32 concentrations ranging from
1 ng/mL to 5000 ng/mL was constructed (Fig. 4B). As expected, a
higher DPV current response signal was observed when the modified
electrode was exposed to higher LipL32 concentration (Fig. 4A), and the
calibration curve was linear over a range from 1 to 100 ng/mL with an
R2 value of 0.99 (Fig. 4 (inset)). The limit of detection (LOD) (3SDblank/
slope) was found to be 0.28 ng/mL. Likewise, from this data, the limit of
quantitation (LOQ) (10SDblank/slope) were calculated to be 0.93 ng/
mL. Nonetheless, compared to other traditional methods and strategies,
the advantages of this developed sensor were simple, inexpensive,
disposable and it requires small sample volume, which makes it very

Fig. 4. Representative DPV of the AB1-SKI-GO-SPGE after addition of the target LipL32 (1–100 μg/mL) (A). Plot of current response vs. the concentrations of LipL32
from 1 to 5000 ng/mL (B) and from 1 to 100 ng/mL (inset).

S. Jampasa, et al. Biosensors and Bioelectronics 142 (2019) 111539

6



attractive for rapid point-of-care applications. Disadvantages of this
immunosensor include the necessity of immobilizing the antibody and
the rather high detection limit by the standard of pathogenic detection.
Nevertheless, its performance is adequately good to allow examination
of pathogenic Leptospira whole cell lysates samples.

In addition, the selectivity of the developed method was also eval-
uated. Human serum with various concentrations was employed as an
interference in this study. It was found that the signal was observed
only in the presence of LipL32 and was negligible for the three-spiked
human serum (Figs. S7 and SI). The %RSD was found to be less than
5%, which were acceptable. These signal responses indicated that the
proposed immunosensor has a high selectivity and specificity.

3.5. Stability and reproducibility of the proposed method

To demonstrate stability of the developed LipL32 immunosensor,
the storage lifetime was then investigated. The prepared sensor was
kept in a refrigerator at 4 °C until use. The result revealed that the signal
response was stable within 2 weeks with the percentage of the de-
creased signal less than 10% (%RSD=4.8). However, the signal was
significantly decreased in comparison to the original signal after 14
days (Figs. S8 and SI). The result obtained indicated that the proposed
method has good stability for up to 2 weeks.

In addition, to achieve reliable and accurate results, reproducibility
(expressed as the %RSD of repetitive measurements (n=7)) of the
present method was examined. The tested sensors were prepared using
the same procedure and subsequent electrochemical measurements of
LipL32 concentrations at 10, 50 and 70 ng/mL (n=7) were recorded. It
was found that an exceptional reproducibility was obtained for the
detection of LipL32, where %RSD was found to be less than 5%. This
value indicated that the constructed immunosensor has remarkably low
sensor-to-sensor deviation with an excellent fabrication reproducibility.

3.6. Application in real sample

To demonstrate the applicability of this developed immunosensor,
the pathogenic (108 cell/mL) and non-pathogenic (108 cell/mL)
Leptospira whole cell lysates samples was consequently tested for the
positive and negative control, respectively. A serial dilution (107 and
106 cell/mL) of these samples was prepared in PBS buffer of pH 7.4. As
expected, the current signal response obviously increased in a

pathogenic Leptospira concentration-dependent manner, but negligible
signal response was observed in all cases of the non-pathogenic
Leptospira (Fig. 5). Based on the obtained results, it can be concluded
that this novel sensing platform was successfully applied to detect the
pathogenic and failed to detect the non-pathogenic Leptospira. In con-
trast, it can be stated that the detection limit of this developed im-
munosensor is sufficient to allow for detection of the pathogenic Lep-
tospira in the patients diagnosed with Leptospirosis. Hence, our
proposed approach can be used as a new and reliable alternative assay
for the selective and rapid screening of LipL32 in early diagnosis of
Leptospirosis.

4. Conclusions

An electrochemical immunosensor for LipL32 detection based on a
gold-labeled monoclonal anti-LipL32 was successfully fabricated. The
current response signal was obviously increased only in the presence of
the target protein. The calibration curve of this developed im-
munosensor exhibited a linear correlation of 1–100 ng/mL, and the
corresponding LOD and LOQ were found to be 0.28 and 0.93 ng/mL,
respectively. This immunosensor platform showed the high stability for
up to 2 weeks with the percentage of the decreased signal less than
10%. In addition, an exceptional reproducibility was obtained for the
detection of LipL32, where %RSD was found to be lower than 5%, in-
dicating that an excellent fabrication reproducibility. For practical
analysis, this developed sensor was successfully applied to detect pa-
thogenic Leptospira whole cell lysates samples with the satisfactory re-
sults. The main advantages of this platform include the ease of fabri-
cation, rapid analysis with simple instrument. Furthermore, this
electrode can also be prepared inexpensively, and it requires low
sample volume (2.5 μL). Hence, this present technique might be sui-
table as a novel device for LipL32 screening in the early diagnosis of
Leptospirosis.
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