
REVIEW

A review of biosensors for the detection of B-type natriuretic peptide
as an important cardiovascular biomarker

Meysam Gachpazan1
& Arash Mohammadinejad2

& Amin Saeidinia3,4 & Hamid Reza Rahimi5 &

Majid Ghayour-Mobarhan6
& Farveh Vakilian7

& Majid Rezayi2,6,8

Received: 15 April 2021 /Revised: 31 May 2021 /Accepted: 17 June 2021
# Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
Heart disease, as the most serious threat to human health globally, is responsible for rising mortality rates, largely due to lifestyle
and diet. Unfortunately, the main problem for patients at high risk of heart disease is the validation of prognostic tests. To this end,
the detection of cardiovascular biomarkers has been employed to obtain pathological and physiological information in order to
improve prognosis and early-stage diagnosis of chronic heart failure. Short-term changes in B-type natriuretic peptide are known
as a standard and important biomarker for diagnosis of heart failure. The most important problem for detection is low concen-
tration and short half-life in the blood. The normal concentration of BNP in blood is less than 7 nM (25 pg/mL), which increases
significantly to more than 80 pg/mL. Therefore, the development of new biosensors with better sensitivity, detection limit, and
dynamic range than current commercial kits is urgently needed. This review classifies the biosensors designed for detection of
BNP into electrochemical, optical, microfluidic, and lateral-flow immunoassay techniques. The review clearly demonstrates that
a variety of immunoassay, aptasensor, enzymatic and catalytic nanomaterials, and fluorophores have been successfully employed
for detection of BNP at low attomolar ranges.
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Introduction

Cardiovascular disease is the leading cause of death world-
wide, accounting for 31% of all deaths in 2016 globally. In
low- and middle-income countries (LMICs), nearly 80% of
deaths are related to cardiovascular disease (CVD) [1]. The
World Health Organization (WHO) recommends reducing the

risk of heart disease through early prevention [2]. Effective
prognostic testing is one of the main problems in patients at
high risk for heart disease [3, 4]. Although biomarkers have
played an important role in the diagnosis of CVD in recent
years [5], there is a lack of effective tests for heart failure (HF)
prognosis, and the number of these patients is increasing
worldwide [6].
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In both types of HF, i.e. HF with reduced ejection fraction
(HFrEF) and HF with preserved ejection fraction (HFpEF), left
ventricular function is normal in patients [7]. Classification of HF
is performed using the American College of Cardiology/
American Heart Association (ACC/AHA) and New York
Heart Association (NYHA) classification systems. These ap-
proaches focus on the importance of structural heart disease or
symptoms/absence of symptoms based on physical activities in
individuals with HF [8]. Physical examinations are another
means for assessing the presence and severity of HF, including
the measurement of vital signs in standing and sitting positions
[8]. Chest radiography is a routine assessment in patients with
HF symptoms and has great potential in situations of vague
clinical observation [9], while electrocardiography (ECG) is a
standard method for assessment of patients with primary HF
[10]. Laboratory panel tests for HF patients include the measure-
ment of blood urea nitrogen, thyroid-stimulating hormone, uric
acid, serum creatinine, complete blood count, hepatic enzymes,
fasting lipid profile, impregnating transferrin, and urinalysis. In
this case, natriuretic peptides (NPs) have many advantages for
diagnosis and prognosis that will be described [11].

As HF is a complex clinical syndrome, several factors play an
important role in either or both the cardiac myocytes and the
cardiac interstitium, such as cardiac overload and complex ge-
netic, neurohormonal, inflammatory, and biochemical variations
[12]. These disrupt the filling of the ventricles or the outflow of
the blood. In this regard, multiple biomarkers have been applied
in evaluating HF patients, including B-type natriuretic peptide
(BNP)/N-terminal pro–B-type natriuretic peptide (NT-
proBNP), mid-regional pro-adrenomedullin (MR-proADM),
and ST2 in myocyte stress or C-reactive protein and tumor ne-
crosis factor in inflammation [12]. The main processes in HF
should be reflected by biomarker detection using highly accurate,
sensitive, and facile analytical methods [13]. Biomarkers can
provide beneficial information about clinical manifestations, rap-
id detection, prognosis, and successful therapeutic strategies. The
most common biomarkers in HF are members of the NP family,
which play an important role in the diagnosis, prognosis, and
treatment of HF patients [13].

The NP family, including atrial natriuretic peptide (ANP),
BNP, and C-type natriuretic peptide (CNP) [14], are involved
in regulating blood pressure and hemostasis [15, 16]. NPs are
produced to prevent fibrosis and attenuate activation of the
renin-angiotensin-aldosterone system (RAAS), and to pro-
mote natriuresis and vasodilation. All of these make NPs
unique in the maintenance of the cardiorenal system through
cGMP activity [17–19]. Among the NP family, BNP and its
cleaved form, NT-proBNP, have gained considerable atten-
tion for their prognostic utility in coronary heart disease
(CHD), and are often measured in HF patients. These are
produced to respond to ventricular stretch and wall stress.
Moreover, BNP leads to increased glomerular filtration rate
(GFR), renal blood flow, and myocardial relaxation [18].

In 1981, de Bold et al. observed a rapid and strong response
of natriuretic peptides in rats, induced by intravenous injection
of atrial myocardial extract. They reported that the heart,
through ANP and BNP, can balance fluid and salt [20].
Also, a natriuretic peptide was described with 28 amino acids
and diuretic function as well as natriuretic activity from rat and
human atrial muscle in 1983 and 1984, respectively. These
hormones were designated ANP and α-human atrial natriuret-
ic polypeptide (α-hANP) [21, 22]. In 1988 and 1990, BNP,
with 17 aromatic amino acids, was separated from the porcine
brain and human atrium, respectively [23, 24]. The BNP gene
is located on the 1p chromosome, which is close to the ANP
gene [25]. The BNP gene is upregulated by several factors
including cardiomyocyte stretch, injury, and hypoxia [26].
ANP is closer to left-atrial pressure and BNP is close to left-
ventricular pressure and bulk index, but BNP may be released
from atrial tissue and stored with ANP in atrial storage gran-
ules [27–29].

BNP and NT-proBNP are increased in patients with left
ventricular systolic dysfunction, as well as in valvular heart
disease, pulmonary hypertension, ischemic heart disease, and
atrial arrhythmia [30]. In 2001, Kazanegra et al. demonstrated
that rapid tests of BNP were beneficial in improving the man-
agement of HF in 20 patients with New York Heart
Association (NYHA) class III-IV HF [11]. Also, evaluations
of BNP and NT-proBNPwere beneficial in patients with acute
dyspnea diagnosis [31]. In 2009, a meta-analysis of 87,474
participants from 40 prospective studies showed a direct cor-
relation between the rate of BNP or NT-proBNP and risk of
CVD [32]. ANP can be used as a biomarker, but the main
disadvantage of this peptide is issues with analytical stability.
As a suggestion, MRproANP with higher biological stability
[33] can be used with BNP and NT-proBNP in obese or el-
derly patients for which the use of BNP or NT-proBNP is less
reliable [13]. Due to the importance of detecting BNP and its
cleaved hormone, NT-proBNP, in the diagnosis and prognosis
of HF, in this study, we specially discuss the role of biosen-
sors, as a novel detection method, for quantification of these
biomarkers. We also provide an overview of the commercial
enzyme-linked immunosorbent assay (ELISA) kits in compar-
ison with the biosensors.

BNP activated from proBNP

The prohormone of BNP (proBNP) contains 108 amino acids,
which can be divided into active and passive fragments. The
active and passive fragments comprise 32 amino acids in the
C-terminal fragment and 76 amino acids on the N-terminal
fragment (NT-proBNP), respectively, when released into the
circulation and mediated by enzymes [34]. The ratio of this
separation is 1:1, but NT-proBNP has slower clearance from
blood, so its level is higher than that of BNP [35]. The
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proBNP may be activated by corin and furin biomarkers that
exist on the surface of the cells. These cells are capable of
processing and solving proBNP, and so the release of
proBNP to the blood increases [36, 37]. The concentration
of BNP in the venous bloodstream is very low in healthy
conditions, and has a half-life of approximately 20 min [38,
39].

Natriuretic peptide receptors

Natriuretic peptides connect to natriuretic peptide receptors
(NPR-A, NPR-B, and NPR-C) at the target cell surface.
ANP and BNP attache to NPR-A, while CNP attaches to
NPR-B. NPR-C, as a clearance receptor, possesses a higher
affinity to ANP in comparison with BNP. Thus, it can lead to
increased half-life of BNP [40]. These receptors are identified
as GC-A, GC-B, and clearance receptor, respectively [41].
Type A and B receptors lead to guanylate cyclase pathway
activity through the augmentation of cyclic guanosine
monophosphate (cGMP) and inhibition of RAAS and the
sympathetic nervous system, while natriuresis, diuresis, and
vasodilation are applied [42].

BNP and heart failure

BNP secretion is controlled at the mRNA transcriptional level,
and typically requires longer-term synthesis in stimuli, unlike
ANP, which is produced in response to atrial stretch by im-
mediate release from storage granules [20, 43]. Since patients
with HF have high levels of undigested proBNP, corin and
furin may play an important role in HF [44]. Although some
physiological events, such as vasodilatation and inhibition of
the RAAS, are caused by the active fragment of BNP, the NT-
proBNP amount in serum is about six times higher than the
BNP amount. This can be explained by the half-life of BNP
and NT-proBNP, which is 20 and 120 min, respectively [39,
45]. For the progression of HF, the neurohumoral activity of
the RAAS and the sympathetic nervous system are essential
[30]. As described above, the RAAS system and the sympa-
thetic nervous system are controlled by type A and B recep-
tors. Due to clearance or degradation or glomerular
filtration of NPs, in patients with hypertension and HF, NP
activity may be deficient [31]. Neprilysin, or neutral endopep-
tidase 24.11, which catalyzes NP degradation, is an important
target in HF treatments [32]. Several studies have demonstrat-
ed that external BNP may decrease the prevalence of HF and
can increase survival [23]. On the other hand, it can reduce
hypertension by increasing the secretion of sodium from the
kidneys and decrease blood volume.

As mentioned above, the diagnostic efficiency of BNP is
greater than that of other natriuretic peptides. Therefore, it can

be used as a powerful tool for left ventricular systolic and
diastolic function screening [46]. BNP is also considerably
higher in neonatal congenital heart disease and in pregnant
women with severe preeclampsia [47].

BNP detection

Due to post-translation of BNP and NT-proBNP, these pro-
teins play an important role in HF and are considered a gold
standard in HF detection. Factors such as gender, age, renal
function, and body mass index can affect BNP test results
[48]. Several assays have been reported for the detection of
BNP, inc lud ing rapid immunof luorescence and
electrochemiluminescence assay [49]. Competitive immuno-
assay methods using radiolabeled tracers (radioimmunoas-
says, RIAs) were introduced as the first assay techniques
[50]. The differences between multiple peptides in plasma or
tissue samples are the basis for competitive immunoassay.
However, several related peptides may affect the properties
of these tests. A noncompetitive immunoradiometric assay
(IRMA) method can solve this problem and improve BNP
assay efficiency [51]. This method showed greater specificity
toward BNP based on sandwich immune complex measure-
ment [52]. As multiple biomarkers are best representative of
diseases, micromosaic immunoassays (μMIAs) have been de-
veloped to demonstrate several cardiac biomarkers such as
troponin I and C-reactive protein [53]. Commercial kits for
BNP can target both pro-BNP and BNP [54]. However, de-
spite the critical role of protein post-translation, it has been
noted that some commercial immunoassay kits are incapable
of identifying this post-translation. Despite all the benefits,
one of the main problems with this assay is that it is time-
consuming. Several methods have been used to overcome this
problem. Point-of-care (POC) assays as a type of analytical
method have been developed for clinical application in labo-
ratory medicine [55]. Biosensors, as analytical methods which
are more in accordance with POC aims, thus play an essential
role in clinical and environmental monitoring with the combi-
nation of biological and physicochemical parameters.
Biosensors many advantages in comparison with other labo-
ratory medicine techniques [56]. Chip-based immunoassays
and rapid and reduce experimental time up to 15 min, but
these methods provide information in real time [57, 58].

Commercial kits for BNP diagnosis

As already discussed, BNP is considered a gold standard bio-
marker based on ELISA. In this regard, as shown in Table 1,
many commercial kits have been developed based on different
methods for the detection of BNP in human samples. Table 1
summarizes the data for ELISA kits extracted from several

5951A review of biosensors for the detection of B-type natriuretic peptide as an important cardiovascular...



sites and represents the analysis of data on commercial kits for
BNP diagnosis (https://www.biocompare.com.). ELISA is a
primary method used extensively for quantification of
proteins and antigens. It is capable of detecting targets based
on antigen/antibody interaction in the range of nanograms to
picograms per milliliter, illustrating the potential of this meth-
od [59]. On the other hand, when this method is compared
with biosensors, the latter offer the advantage of portability,
simplicity of use, lower cost, and no need for sophisticated
equipment. Several biosensors have developed for quantifica-
tion or qualification detection.

Biosensors for BNP detection

In this regard, biosensors play an important role as a high-
throughput technique for selective recognition of biomarkers,
a n d c a n b e c l a s s i f i e d i n t o e l e c t r o c h em i c a l ,
electrochemiluminescence, fiber-optic, colorimetric, surface
plasmon resonance (SPR), lateral flow, and microfluidic sen-
sors [60, 61]. These methods are highly sensitive, low-cost,
rapid, and reliable for detecting BNP levels. The data from
studies reporting biosensors designed for detection of BNP are
summarized in Table 2.

Electrochemical sensors

Electrochemical biosensors play an important role in rapid
diagnostics due to their advantages of robustness, easy mini-
aturization, and excellent limit of detection (LOD). Variations
in pH and ionic stability in different types of sensor receptors
may be a limitation with this kind of transducer [110, 111].
There are different electrochemical techniques which produce
different signals for detection of analytes. These signals gen-
erally include the level of current in amperometric technique,
potential or charge accumulation in potentiometric technique,
media conductivity properties in conductometric technique,
electrical impedance in both resistance and reactance,
and changes of current as a function of a voltage to a gate
electrode in field effect transistor technology. Enzymes, anti-
bodies, and nucleic acids have been applied to enhance the
affinity of biosensors to targets [112]. Antibodies, antibody
fragments, or antigens have been used in immunosensors to
detect biochemical elements such as BNP and NT-proBNP.
Matsuura et al. reported an electrochemical enzyme immuno-
assay system for BNP in a working range of 20–100 ng/Lwith
a LOD of 10 ng/L. Samples were added to acetylcholinester-
ase (AChE)-labeled Anti BNP and an immunological re-
sponse was performed. In this work, to increase BNP sensing,
AChE determination was used as the most sensitive method
based on electrochemical enzyme immunoassay.

Chemisorption/electrochemical desorption of thiocholine on
a silver electrode was used to control the AChE activation in
this electrochemical enzyme immunoassay system.
Eventually, the most cost-efficient kit with an acceptable
LOD in comparison with commercial kits was developed [62].

Researchers have focused on the use of nanocomposites to
increase the sensitivity of immunosensors and improve signal
strength. Zhuo et al. designed an NT-proBNP electrochemical
immunosensor based on a composite of gold nanostructures and
carbon nanotubes [64]. As shown in Fig. 1A, nanostructured
gold and carbon nanotube composites were used to immobilize
NT-proBNP antibody for detection. In this study, the secondary
antibody was labeled with horseradish peroxidase (HRP) and
gold nanochains (AuNCs-HRP-Ab2) to amplify the detection
signal. The proposed immunosensor exhibited a linear range
from 0.02 to 100 ng/mL, with a LOD of 6 pg/mL.

In another study, gold nanoparticles (AuNPs) were grafted
on the surface of a screen-printed carbon electrode (SPCE)
through aryl diazonium salt of 4-aminothiophenol (AuNPs-
S-Phe-SPCE) followed by immobilization of the BNP anti-
bodies. This biosensor has the ability to detect BNP in human
serum samples with a linear range between 0.014 and 15 ng/
mL, and a LOD of 4 pg/mL [74].

In another study, polyaniline (PAN) and tin dioxide (SnO2)
were loaded on graphene sheets (GS) for excellent electrical
conductivity. Also, in order to improve biocompatibility,
AuNPs were attached on GS/SnO2/PAN (GS/SnO2/PAN-
Au) [67]. Afterwards, BNP molecules were immobilized on
this modified electrode followed by blocking via BSA. In this
regard, the signal unit was constructed by immobilization of
anti-BNP (Ab) on the nanocomposite of N-doped carbon
nanotubes (N-CNTs), ZnCo2O4, (ZnCo2O4/N-CNTs) (Fig.
1B). This immunosensor demonstrated a linear range from
0.01 pg/mL to 1 ng/mL, with a LOD of 3.4 fg/mL. This design
led to improved LOD, sensitivity, and reproducibility, and
outstanding stability with excellent selectivity.

In another work by Maeng et al., an electrochemical
immunosensor was developed based on an anti-BNP-single-
chain variable fragment (Anti BNP-scFv) expressed in Pichia
pastoris for BNP antigenwith an incubation temperature of 20
°C and pH range of 5.0–7.0 [75]. scFv as part of an antibody
plays an important role in antibody detection via the antigen-
binding fragment encoded by the VH–linker–VL gene con-
struct [113]. In this study, alkaline phosphatase (AP)-labeled
anti-BNP was used to catalyze the oxidation of 4-
aminophenyl phosphate to 4-aminophenol (4-AP) in the pres-
ence of BNP immobilized on the Au electrode. This biosensor
exhibited a wide linear detection range from 1 to 10,000 fg/
mL, with a LOD of 1 fg/mL.

Similarly, a label-free electrochemical sensor was devel-
oped for multiplex diagnosis of a panel of cardiac biomarkers
including cardiac troponin-I (cTnI), cardiac troponin-T
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Table 1 Summary of commercial kits for BNP detection

Company Target Detection Range detection

Abcam BNP Human

proBNP Human

LifeSpan BioSciences NPPB/BNP 24.69–2000 pg/mL Human

NPPB/BNP 39.06–2500 pg/mL Human

NPPB/BNP 15.63–500 pg/mL Human

NPPB/BNP 0.137–33.33 ng/mL Human

NPPB/BNP 8.23–6000 pg/mL Human

NPPB/BNP 31.25–2000 pg/mL Human

R & D Systems BNP 312.00–10,000 pg/mL Human

antibodies-online BNP 31.25–2000 pg/mL Human

BNP 24.69–2000 pg/mL Human

BNP 0.1–1.000 pg/mL Human, mouse (Murine),
rat (Rattus)

BNP 14–1000 pg/mL Human

NPPB 15.6–1000 pg/mL Human

RayBiotech BNP 14–1000 pg/mL Human

Pro-BNP 0.14–100 ng/mL Human

BNP 0.1–1000 pg/mL Human, Mouse, Rat

MyBioSource.com BNP Human

Novus Biologicals BNP 31.25–2000 pg/mL Human

BNP 0.312–20 ng/mL Human

Eagle Bioscience BNP 200–6400 pmol/L Human

BNP 0–640 pmol/L Human

Biorbyt BNP Human, Mouse, Rat

BNP Human

Biomatik BNP 93.75 pg/mL-6000 pg/mL Human

BNP 24.69–2000 pg/mL Homo sapiens (Human)

G-Biosciences BNP 31.25–2000 pg/mL Human

Biomedica Medizinprodukte GmbH & Co KG BNP Fragment 200–6400 pmol/l Human

Thermo Fisher Scientific NPPB (BNP) Human

Enzo Life Sciences, Inc. BNP Human

Elabscience Biotechnology Inc. BNP 31.25–2000 pg/mL Human

ALPCO Nt-proBNP 200–6400 pmol/L Human

Nordic BioSite BNP 31.25–2000 pg/mL Human

Krishgen Biosystems BNP32 1–1000 ng/mL Human

Peninsula Laboratories International, Inc. BNP32 0–5 ng/mL Human

BNP32 0–10 ng/mL Human

Assay Solution Nt-proBNP 313–10,000 pg/mL Human

Abbexa Ltd Nt-proBNP 62.5–4000 pg/mL Human

Abnova Corporation NPPB Human

NPPB Human

Aviva Systems Biology Natriuretic peptides B 15.6–1000 pg/mL Human

Natriuretic peptides B 0.31–20.0 ng/mL Human

Signalway Antibody LLC Nt-proBNP 0.312–20 ng/mL Human

NPPB 15.6–1000 pg/mL Human

Creative Diagnostics NPPB 0.1–1000 pg/mL Human

NPPB 100–2000 pg/mL Human
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(cTnT), and BNP in human serum samples [76]. In this work,
ZnO nanorods were synthesized based on low-temperature
hydrothermal methods and used as a suitable platform for
immobilization of antibodies. The high isoelectric point of
pH 9.5, fast electron transfer, surface-charge properties, and
signal amplification were the reasons for the use of the ZnO
nanostructure. After the fabrication of a ZnO-modified Au
electrode, dimethyl sulfoxide (DSP) and thiol-based linker
molecules were used for functionalization of the electrode
surface. Afterwards, antibodies of cTnI or cTnT or BNP were
immobilized with the creation of an amide group using the
NHS or NH2 end of linker molecules. Further, the unbound
NHS groups were blocked by SuperBlock to clear nonspecific
interactions. Electrochemical impedance spectroscopy (EIS)
and Mott–Schottky analysis were used in this study [76].
Mott–Schottky analysis is a method for identifying capaci-
tance-voltage, and it can also be used as a technique for the
quantification of doping density and thickness [114]. The
binding events of Au electrode/ZnO/antibodies toward the
targets including their semiconducting properties compared
with a metal surface made the surface suitable for Mott–
Schottky analysis and facilitated the occurrence of the electro-
chemical process in the space charge layer (SCL) and
Helmholtz or electrical double layer (EDL). The liner range
and LOD of the proposed immunosensor for three biomarkers
were 1 pg/mL to 100 ng/mL and 1 pg/mL, respectively.

A recyclable amperometric magnetoimmunosensor was
developed by de Ávila et al. for sensitive detection of NT-
proBNP through an indirect competitive technique [77]. In
this work, NT-proBNP was covalently bound to carboxylic-
modified magnetic beads (HOOC-MBs) through N-(3-
dimethylaminopropyl)-N′-ethylcarbodiimide (EDC) and N-
hydroxysulfosuccinimide (sulfo-NHS). The unreacted activat-
ed groups in the MBs were blocked with ethanolamine and
then incubated for the detection of the antibody. The HRP-
anti-NT-proBNP with a fixed amount was competitively con-
nected with the immobilized NT-proBNP in the presence of
free NT-proBNP. The MB immune complexes were
immobilized on the Au/SPE surface by a neodymium magnet
placed under the working electrode surface (Fig. 1C). The
biorecognition event was monitored upon addition of
3,3′,5,5′-tetramethylbenzidine (TMB) and H2O2, leading to a
linear range of 12–42.9 ng/mL and LOD of 0.02 ng/mL.

A label-free photoelectrochemical (PEC) sensor was fabri-
cated by Fan et al. using modification of an indium tin oxide
(ITO) electrode by nitrogen-doped carbon quantum dots
(NCQDs) and Bi2S3 co-sensitized mesoporous SnO2

microflower (SnO2/NCQDs/Bi2S3) nanocomposite for detec-
tion of NT-proBNP [80]. In this study, tin dioxide (SnO2), an
important n-type semiconductor, was used along with bismuth
sulfide (Bi2S3) because of its good visible-light absorption
properties. Detection of NT-proBNP was achieved by inhibi-
tion of electrode transfer via the interaction of NT-proBNPT

ab
le
2

(c
on
tin

ue
d)

C
la
ss
if
ic
at
io
n

T
ar
ge
t

L
O
D

L
in
ea
r
ra
ng

e
M
et
ho

d
of

de
te
ct
io
n

T
yp

e
of

af
fi
ni
ty

as
sa
y

R
ef
er
en
ce

N
T
-p
ro
B
N
P:

0.
24

ng
/m

L
C
R
P,

N
T
-p
ro
B
N
P,

cT
nI
,a
nd

fi
br
in
og
en

C
R
P:

0.
14

m
g/
L

N
T
-p
ro
B
N
P:

0.
83
2

pg
/m

L
cT

nI
:0

.3
94

pg
/m

L
fi
br
in
og
en
:

20
.2

m
g/
dL

C
R
P
:0

.1
–5
0

m
g/
L

pr
oB

N
P:

50
–1
0,
00
0

pg
/m

L
cT

nI
:1

–1
0,
00
0

pg
/m

L
fi
br
in
og
en
:0

.1
–5

m
g/
m
L

F
E
T

S
i/G

aN
/A
lG
aN

/A
u/
ap
ta
m
er

[1
09
]

5957A review of biosensors for the detection of B-type natriuretic peptide as an important cardiovascular...



and their antibody via electrode transfer inhibition. On the
other hand, nitrogen-doped carbon quantum dots (NCQDs)
were applied because of their size, low cost, biocompatibility,
water solubility, tunable electronic properties, and electron
transfer capability. As shown in Fig. 1D, this PEC biosensor
layer contained SnO2/NCQDs/Bi2S3, which was prepared
using the layer-by-layer synthesis method. The proposed
immunosensor exhibited good stability, reproducibility and
selectivity toward NT-proBNP, with a linear range of 0.01–
50 ng/mL and LOD of 3.7 pg/mL.

Critical note

The review of studies demonstrates that the electrochemical
enzyme immunoassays that have been introduced are the most

sensitive methods, making it possible to design inexpensive
kits in comparison with traditional commercial kits for BNP.
A comparison of the data between Table 1 and Table 2 clearly
indicates that the LODs of electrochemical sensors are lower
than those of commercial kits, which confirms the sensitivity
of these electrochemical sensors. Despite their high sensitivi-
ty, however, electrochemical sensors are limited by the longer
assay time required [62]. The designed electrochemical sen-
sors can be classified into label-free and label-based sensors
[115]. The latter contains a recognition unit comprising a cap-
ture antibody immobilized (Ab1) on the modified electrode
and a signal probe comprising a detection antibody (Ab2) on
the nanostructure platform which can contain a current en-
hancer such as a redox agent or enzyme [115]. The former is
based on immobilization of the antibody on the electrode

Fig. 1 Schematic illustration of BNP detection by electrochemical
sensors: (A) AuNCs-HRP-Ab2 and CNTs-Au-Ab1. Reprinted from
Biosensors and Bioelectronics, Vol 26, Ying Zhuo et al, Ultrasensitive
electrochemical strategy for NT-proBNP detection with gold nanochains
and horseradish peroxidase complex amplification, p. 2188–2193,
Copyright 2011, with permission from Elsevier [64]; (B) GS/SnO2/
PAN-Au and ZnCo2O4/N-CNTs-Ab. Reprinted from Biosensors and
Bioelectronics, Vol 126, Xuan Li et al., Dual mode competitive electro-
chemical immunoassay for B-type natriuretic peptide based on GS/SnO2/
polyaniline-Au and ZnCo2O4/N-CNTs, p. 448-454, Copyright 2019, with
permission from Elsevier [67]; (C) HRP/anti-NT-proBNP and NT-

proBNP/MBs on the Au/SPE electrode. Reprinted from Analytica
Chimica Acta, Vol 784, Berta Esteban-Fernández de Ávila et al.,
Disposable amperometric magnetoimmunosensor for the sensitive detec-
tion of the cardiac biomarker amino-terminal pro-B-type natriuretic pep-
tide in human serum, p. 18-24, Copyright 2013, with permission from
Elsevier [77]; (D) SnO2/NCQDs/Bi2S3/Ab. Republished with permission
of the Royal Society of Chemistry, from [A novel label-free
photoelectrochemical immunosensor based on NCQDs and Bi2S3 co-
sensitized hierarchical mesoporous SnO2 microflowers for detection of
NT-proBNP, Dawei Fan et al., Vol 6, 2018]; permission conveyed
through Copyright Clearance Center, Inc.) [80]
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surface followed by binding of the antigen to the antibody,
which impedes electron transfer of redox activity [115].
Label-based sensors can also be designed without the need
for Ab1 on the surface of the electrode. The construction of a
signal probe for a label-based platform can complicate the
sensor design process. Label-based techniques also require
signal enhancers such as enzymes, whose activation can be
influenced by environment-related conditions. This phenom-
enon can limit the efficiency of label-based sensors. However,
label-free sensors can be constructed using simple, inexpen-
sive, enzyme-free design processes, resulting in a more effi-
cient technique in comparison with label-based sensors.
Among electrochemical sensors for BNP, Fan el al. [80] re-
cently introduced a label-free sensor for BNP which must be
further developed in the future.

Optical sensors

Electrochemiluminescence

To improve measurement sensitivity, electrochemical detec-
tors can be combined with different transducers such as sur-
face plasmon resonance or optical waveguide lightmode spec-
troscopy [112]. For the first time, Zhuo et al. introduced a
diagnostic system for HF consisting of a signal-off
electrochemiluminescence (ECL) immunosensor developed
by ferrocene-functionalized chitosan nanoparticles (Fc-
CsNPs) as a tag for quenching peroxydisulfate system emis-
sion to detect the NT-proBNP [84]. The CsNPs covalently
attached to Fc and detected the antibodies (Ab2/Fc-CsNPs).
In this work, a glassy carbon electrode (GCE) was modified
with carboxyl polyamidoamine (PAMAM) to enhance the
ECL response through immobilization of numerous capture
antibodies (Ab1). According to the fabrication process pre-
sented in Fig. 2A, after removal of physically absorbed anti-
bodies via washing with PBS, the NT-proBNP attached to
Ab1 followed by the addition of Ab2/Fc-CsNPs. The ECL
quenching of S2O8

2− by Fc-CsNPs caused a reduction in the
ECL signal, and the concentration of NT-proBNP demonstrat-
ed an inverse association with ECL intensity in this study. A
wide linear range of 0.001–2 pg/mL and LOD of 0.33 fg/mL
were achieved with the application of this biosensor for NT-
proBNP.

In addition, a signal-on ECL immunosensor for detection
of NT-proBNP in human serum samples was fabricated based
on a metal organic framework (MOF) constructed with zinc
ions as the central ions and tris(4,4′-dicarboxylicacid2,2′-
bipyridyl) ruthenium (II) dichloride [Ru(dcbpy)3] +2 as the
ligands [85]. The surface of the MOF was modified with
nafion and polyethylenimine (PEI) to reduce measurement
error during immobilization on a luminophor. Then, the mod-
ified MOF (PEI/nafion/MOF) was decorated with AuNPs
through Au-N bonds to label the detection antibodies (Ab2)

as a conjugated antibody. In parallel, platinum nanoparticles
(PtNPs) were electrodeposited on the GCE followed by im-
mobilization of Ab1. Finally, a significant enhancement in the
ECL signal achieved by the creation of a sandwich immune
complex in the presence of NT-proBNP. In this study,
[Ru(dcbpy)3] 2+ was used because of its excellent ECL activ-
ity. Also, Zn2+ played an important role in luminescence-
functionalized MOF synthesis and coordinated with the six
carboxyl groups of [Ru(dcbpy)3] 2+. In this fabrication, the
functions of PEI and AuNPs were introduced as a coreactant
and labeling agent of Ab2, respectively. Further, AuNPs pro-
moted electron transfer, which enhanced the ECL signal. In
particular, the porous structure of MOFs with a large specific
area increased the loading of luminophor and coreactant,
which further effectively enhanced the ECL response of the
proposed immunosensor. The detection range and LOD ob-
tained for the proposed ECL immunosensor were 5–25 ng/mL
and 1.67 pg/mL, respectively.

A label-free ECL immunosensor was introduced by Wang
et al. based on AuNP-functionalized Ti-doped BiOBr
(Ti:BiOBr-Au) to detect NT-proBNP [86]. Bismuth
oxybromide (BiOBr) is a novel visible light photocatalyst.
Ti was used to recover the ECL feature by increasing the
active surface area. AuNPs played a dual role in this ECL
via conjugation with antibodies and Ti:BiOBr attachment as
well as increased recovery of BiOBr conductivity. Ti:BiOBr-
Au was used as the luminophor to construct the sensing plat-
form in this label-free ECL immunosensor. The interaction
between NT-proBNP and the antibody led to direct detection
via ECL response changes. The linear range and LOD obtain-
ed were 0.001–50 ng/mL and 0.33 pg/mL, respectively.

Critical note

ECL sensors possess considerable advantages including high
sensitivity and fast response, and thus have been broadly ap-
plied for the detection of proteins and nucleic acids. In com-
parison with fluorescence sensors, ECL sensors do not require
an excitation source, thus eliminating autofluorescence or
light scattering noise and leading to improved reproducibility
and accuracy [116]. Due to the synergistic advantages of elec-
trochemical and luminescence methods, ECL possesses con-
siderable sensitivity, but this method is significantly depen-
dent on the use of expensive redox reagents and expertise,
which may limit the development of the ECL method as
POC assay. This review indicates that most ECL sensors de-
signed for the detection of BNP are labeled-based sensors,
which required covalent binding of Ab2 on the nanostructures
(signal units), increasing the likelihood of inactivation and
denaturation of Ab2 and consequently reduced sensitivity.
Therefore, the development of label-free sensors can offer
fast, simple, and low-cost analysis of BNP. Among the
abovementioned studies for BNP, only Wang et al. [86]
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reported a label-free sensor, which must be further developed
in future studies.

Fiber-optic sensors

Fiber-optic biosensors (FOB) are used as an important part of
optical fields to detect various targets including cells, proteins,
and DNA. Tang et al. reported the development of an FOB
method to detect CVD biomarkers including anticoagulants
(protein C [PC], protein S [PS], antithrombin III [ATIII],
and plasminogen [PLG]) and cardiac markers (BNP, cTnI,
myoglobin [MG], and CRP) [93]. The sensing unit consisted
of four sensors, an automatic flow control unit, and a fluorom-
eter. The fiber surface was coated with streptavidin followed
by the addition of Alexa Fluor 647 (AF647) reactive dye-
labeled antibody, leading to the creation of an immune com-
plex in the presence of a target.

Similarly, a label-free immunosensor based on excessively
tilted fiber gratings (Ex-TFGs) was developed by Luo et al. to
detect NT-proBNP [94]. In this study, staphylococcal protein
A (SPA), a Staphylococcus aureus protein, was used for im-
mobilization of the anti-NT-proBNP monoclonal antibodies

(mAbs) on (3-aminopropyl)triethoxysilane (APTES)-modi-
fied fiber. The detection of NT-proBNP was processed by
changes in the resonance spectra confirmed by a redshift in
the resonance peak in the presence of the target. This
immunosensor detected NT-proBNP in the range of 0–1.0
ng/mL with LOD of 0.5 ng/mL.

Critical note

In comparison with other biosensors, FOB have gained con-
siderable attention due to their unique properties including
easy portability, remarkable sensitivity, easy performance
without the need for separation, in vivo, in situ, and real-
time detectability, and applicability in whole blood due to a
significant reduction in light scattering. This technique can be
performed by excitation of fluorophores located in the activa-
tion domain of the evanescent wave which is in close proxim-
ity to the fiber core (about 100 nm), leading to the elimination
of interferences [115]. Also, surface-enhanced Raman spec-
troscopy (SERS), which is commonly incorporated with the
FOB technique, exerts a near-infrared (NIR) window,
resulting in reduced autofluorescence and absorption

Fig. 2 Schematic illustration of BNP by (A) electrochemiluminescence
sensors including GCE/PAMAM/Ab1 and Ab2/Fc-CsNPs. Reprinted
from Sensors and Actuators B: Chemical, Vol 192, Ying Zhuo et al.,
Quenching of the emission of peroxydisulfate system by ferrocene
functionalized chitosan nanoparticles: A sensitive “signal off”
electrochemiluminescence immunosensor, p. 791–795, Copyright 2014,
with permission from Elsevier [84]; (B) SPR sensor using gold
chip/MUA/BNP aptamer and AntiBNP/MUA/gold nanocube.

Reprinted with permission from [96]. Copyright (2013) American
Chemical Society; (C) SPR sensor using Fe3O4 MNP-Ab and AuNPs-
Apt nanoconjugates. Reprinted from Biosensors and Bioelectronics, Vol
141, Jialin Zhao et al., Analyte-resolvedmagnetoplasmonic nanocompos-
ite to enhance SPR signals and dual recognition strategy for detection of
BNP in serum samples, DOI: 10.1016/j.bios.2019.111440, Copyright
2019, with permission from Elsevier [97]
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interference of whole blood in the NIR region [117]. Thus,
FOB represents a potent technique for the development and
design of new POC assays for clinical use.

Colorimetric sensors

Pu et al. designed an enzyme-free colorimetric immunosensor
for determination of acute myocardial infarction (AMI) bio-
markers including NT-proBNP, creatine kinase-MB (CK-
MB), and cardiac muscle troponin T (cTnT) [92]. This bio-
sensor was constructed based on PH-related encapsulation of
three allochroic agents, i.e. phenolphthalein, methyl red, and
bromothymol blue, in integrated 3D gold nanovesicles
(GNVs). Heat- and PH-triggered release of the allochroic
agents from antibody-labeled GNVs led to naked-eye detec-
tion of NT-proBNP, CK-MB, and cTnT in the ranges of 0.1
ng/mL to 200 μg/mL (LOD 70 pg/mL), 1–2000 ng/mL (LOD
910 pg/mL), and 0.1–5000 pg/mL(LOD 7.8 pg/mL),
respectively.

Critical note

Colorimetric techniques hold a valuable position among dif-
ferent types of biosensors for POC assays of biomarkers due
to advantages of visible diagnosis, simplicity, rapid operation,
and low cost. Colorimetric methods can be performed in both
enzymatic and nonenzymatic forms. The enzymatic method is
processed through activation of enzymes in optimal condi-
tions including a specific buffer media and temperature (usu-
ally 37 °C) [118]. Therefore, different conditions can influ-
ence the efficiency of enzymes. Therefore, the study by Pu
et al. [92], which introduced an enzyme-free colorimetric
method, is noteworthy.

Surface plasmon resonance (SPR)

SPR methods have been investigated over the past two de-
cades as an important sensor for detecting chemical and bio-
logical quantities. For example, Kurita et al. designed an SPR-
based immunosensor using a thin polyion complex film con-
taining poly-L-lysine and poly-styrenesulfonate to inhibit
nonspecific protein adsorption [95]. To prepare the
immunosensor, a glass plate was covered by a thin film of
gold, polydimethylsiloxane (PDMS), and titanium, after
which the plate was sealed with a polymeric adhesive sheet.
Then a solution of poly-L-lysine and poly-styrenesulfonate
was added on the surface of the gold film. This SPR
immunosensor acted by immobilization of the BNP on the
surface. Finally, the interaction of antigen–antibody led to
signal changes. The LOD in this biosensor was about 1 nM.

Jang et al. designed an SPR biosensor to detect BNP based
on a sandwich assay with a DNA aptamer, a single nucleotide
that is used as a monoclonal antibody, and the monoclonal

antibody that is modified by gold nanocubes. As shown in
Fig. 2B, in this study, the BNP aptamer was immobilized on
a gold chip covered by 11-mercaptoundecanoic acid (MUA)
and antibody functionalized by gold nanocubes through
MUA. The formation of a sandwich immune complex en-
hanced SPR, leading to detection of BNP in ranges of <10
aM and 60–100 aM [96].

Similarly, Zhao et al. introduced a magnetoplasmonic
method using aptamer-functionalized Au nanoparticles
( A uNP s -A p t ) a n d a n t i b o d y -mo d i f i e d F e 3O 4

magnetoplasmonic nanoparticles (MNPs-Ab) [97]. As shown
in Fig. 2C, this method involved the formation of MNP-Ab/
BNP/AuNPs-Apt which separated magnetically and dropped
onto the cDNA-coated Au chip. This method detected BNP in
the range of 100 fg/mL to 10 ng/mL, with LOD of 28.2 fg/mL.

Critical note

The SPR technique can be processed through application of
bioreceptor-conjugated nanoparticles suspended in a solution
or deposited on a surface followed by incident light on the
surface and evaluation of changes in the refractive index
(RI) of the surface or redshift of the SPR peak in the presence
of a target. Metal nanoparticles, in particular gold nanostruc-
tures, are more favorable nanostructures and have been fre-
quently applied in this technique due to the simple
functionalization by thiolated molecules and detectability by
a UV-Vis spectrophotometer or the naked eye. One issue that
should be mentioned is that large antibodies may prevent
plasmonic field penetration, preventing molecular detection
and decreasing sensitivity [119].

Microfluidic sensors

Microfluidic devices have recently been considered for bio-
marker detection due to their many benefits, including shorter
testing time, less sample usage, and lower chemical and re-
agent requirements. In this regard, several microfluidic bio-
sensors have been developed to detect targets such as BNP
and NT-proBNP. Kurita et al. designed a T-shaped
microfluidic device incorporated with a surface plasmon res-
onance (SPR) sensor for detecting BNP [102]. In this study,
antibody-conjugated acetylcholine esterase (AChE) was used
as the signal unit. Two gold films (A and B) were coated on
the two ports of the microfluidic device. Then, for coating of
the BNP on the surface of gold film A, a cystamine monolayer
was added, and to enhance this reaction, an EDC/NHS system
was applied. Film A detected the unbound anti-BNP-AChE,
and film B, with no BNP, determined only the resulting
thiocholine concentration due to the attraction of
acetylthiocholine by the collected anti-BNP-AChE on film
A and monitored by SPR. This microfluidic device showed
a dynamic range from 5 pg/mL to 100 ng/mL, with a LOD of
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15 fg/mL for trace level measurement of BNP within 30 min
in blood samples.

A microfluidic electrochemical sensor was introduced by
Zheng et al. using a screen-printed electrode (SPE) to analyze
BNP based on a microfluidic paper analytical apparatus and
electrochemical immunosensors. For immobilization of the
anti-BNP, the SPE was modified with a nanocomposite com-
posed of amino-functional graphene (NH2-G)/thionine (Thi)/
gold nanoparticles (NH2-G/Thi/AuNPs). The electric flow
was produced by the Thi reduction labeled on the surface of
the electrode. Also, NH2-G acted as electric resonance. The
electrical flow of the reduction of Thi was reduced due to the
creation of an immune complex, leading to the detection of
BNP up to 0.012 ng/mL with a linear range of 0.05–30 ng/mL
[107].

In another work, a multiplex immunoassay microfluidic
sensor was reported by Park et al. for identification of CRP,
cTnI, and NT-proBNP based on ELISA [108]. In this lab-on-
a-disc, a kind of microfluidic platform, polystyrene (PS) beads
were used for immobilization of antibodies. Accordingly, the
beads were coated with antibodies in three different chambers
followed by the addition of antigens. HRP-conjugated anti-
bodies were then added to detect the targets. This microfluidic
biosensor detected biomarkers of CRP, cTnI, and NT-proBNP
in linear ranges of 0.36–42.9, 1.47–50.1, and 0.86–69.3 ng/
mL, with LODs of 0.30, 0.51, and 0.24 ng/mL, respectively.
This sensor was used for diagnosis of biomarkers in whole
blood and whole saliva.

Recently, the systematic evolution of ligands by exponen-
tial enrichment (SELEX) processes was miniaturized by Sinha
et al. on a platform for enrichment aptamers against three
major CVD biomarkers, i.e. NT-proBNP, hcTnI, and fibrino-
gen [120]. In this study, the dissociation constant of aptamers
was evaluated by a SPR platform constructed from gold chips
decorated by streptavidin followed by conjugation of biotinyl-
ated aptamers. In another study, Sinha et al. designed a field-
effect transistor (FET) array microfluidic platform based on
silicon, gallium nitride (GaN), aluminum-gallium nitride
(AlGaN), and Au decorated with aptamers to identify four
major CVD protein biomarkers, i.e. CRP, NT-proBNP,
cTnI, and fibrinogen [109]. The proposed method successful-
ly detected CRP, NT-proBNP, cTnI, and fibrinogen in ranges
of 0.1–50 mg/L (LOD 0.14 mg/L), 50–10,000 pg/mL (LOD
0.832 pg/mL), 1–10,000 pg/mL(LOD 0.394 pg/mL), and 0.1–
5 mg/mL (LOD 20.2 mg/dL).

Critical note

Microfluidic techniques have recently garnered significant at-
tention due to their advantages for the development of POC
devices, including the low amount of reagent or sample re-
quired, fast response, and enhanced sensitivity due to efficient
molecular binding and washing [121]. These advantages can

facilitate improved clinical processes without the use of un-
stable and costly materials, and for low amounts and difficult-
to-collect samples and reagents. However, the wider use of
microfluidic techniques is prevented by disadvantages includ-
ing difficult preparation of multilayer chips with miniaturized
components including chambers, valves, pumps, and channels
and the need for expertise, sophisticated technology, and ex-
pensive equipment for the connection of chips to a transducer
[121].

Lateral flow assay

Lateral-flow immunoassay (LFIA) (also known as
immunochromatographic assay or immune-gold colloid im-
munoassay, IGC) has attracted interested as a method for de-
tection. Benefiting from this method, up-converting phosphor
technology-based lateral flow (UCP-LF) was developed by
Yang et al. to detect NT-proBNP [99]. In this study, the re-
porter was constructed by UCP particle-conjugated anti-NT-
proBNP. The test and control line strips consisted of anti-
human NT-proBNP monoclonal antibody and anti-mouse
IgG, respect ive ly . The UPT nanopar t ic les were
NaYF4:Yb3+, Er3+, which were able to be excited at 980 nm
and emitted at 541.5 nm. This UPT-LF technique showed a
linear range between 50 and 35,000 ng/L and LOD of 116 ng/
L.

Similarly, Wilkins et al. demonstrated an LFIA to detect
NT-proBNP via a modified monoclonal antibody with quan-
tum dots and showed a linear range of 50–1200 pg/mL [100].

Yang et al. developed an LFIA based on poly(acrylic acid)-
stabilized superparamagnetic Fe3O4 nanocrystal clusters
(PAA-MNCs) as a label for anti-NT-proBNP antibody, to
detect NT-proBNP (Fig. 3B) [101]. In this study, magnetic
nanocrystal Fe3O4 clusters were used to increase the sensitiv-
ity of the LFIA sensor. This biosensor was able to detect NT-
proBNP qualitatively, with LOD of 100 pg/mL, and quantita-
tively through the relationship between changes in the mag-
netic signal and antibody concentration in the range of 20–
8000 pg/mL.

Critical note

The lateral flow assay is a simple, inexpensive, and rapid
technique which interestingly is in accordance with POC aims
but can be limited by some disadvantages. At a high target
concentration, the complex target-signal unit (Ab2-labeled
nanoparticles) can pass through the test line and accumulate
at the control line, leading to the disappearance of the control
line and making detection with the naked eye and device anal-
ysis more difficult. AuNPs are the most popular nanoparticles
for LFIA and facilitate detection with the naked eye, but may
aggregate in whole blood samples. As mentioned in this re-
view, LFIAs for BNP designed using UPT nanoparticles [99],
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QDs [100], and Fe3O4 nanocrystal clusters [101] can resolve
these problems with AuNPs.

Conclusion and future perspectives

This review demonstrated that several strategies, including
bioconjugation, nanofabrication, and biorecognition, have
been successfully employed in the design of platforms for
specific detection of BNP. The proposed immunosensors
and aptasensors were developed based on combination with
enzymes, catalytic nanomaterials, and fluorophores for intro-
duction and application of electrochemical, optical,
microfluidic, and LFIA in biological samples. The normal
concentration of BNP in blood is less than 7 nM (25 pg/
mL), and increases significantly to more than 80 pg/mL
[122]. Moreover, clinically, the levels of 100 and 400 pg/mL

can predict H to 90% and 95%, respectively [123]. Therefore,
the successful measurement at low attomolar ranges suggests
that these methods hold promise for clinical use. Moreover,
the problem of the low 22-min half-life of BNP can be re-
solved. The proposed biosensors with advantages of fast re-
sponse portability, safety, simplicity, and low cost offer a su-
perior alternative to the available commercial immunoassay
kits based on isotope or fluorescence detection. Despite these
advantages, however, various factors limit the application of
the designed biosensors for point-of-care assays of BNP. The
colorimetric method is based on the use of AuNPs or other
agents which may be affected by the whole blood matrix. In
addition specific PH or temperature conditions [92] are nec-
essary for color changes, which can decrease the efficiency of
the method due to alterability by environmental conditions.
The SPR technique may suffered from low depth of light
beam on the surface, leading to lower sensitivity. LFIA

Fig. 3 Schematic illustration of BNP detection by (A) microfluidic assay:
(a) fabrication of immunosensor: Film A contains immobilized BNP to
collect the free anti-BNP-AChE. Film B as a gold film is considered for
concentration and detection. (b) Introduction (from port III to port I) of a
mixture of BNP and anti-BNP-AChE followed by collection of unreacted
anti-BNP-AChE on film A. (c) Introduction of acetylthiocholine from
port III to port II followed by production of thiocholine by anti-BNP-
AChE and accumulation on film B for SPR detection. Reprinted with

permission from [102]. Copyright (2006) American Chemical Society;
(B) LFIA containing PAA-Fe3O4 MNCs/Ab2. Reprinted from Journal of
Pharmaceutical and Biomedical Analysis, Vol 159, Dong Yang et al.,
One-pot synthesis of poly(acrylic acid)-stabilized Fe3O4 nanocrystal clus-
ters for the simultaneously qualitative and quantitative detection of bio-
markers in lateral flow immunoassay, p. 119-126, Copyright 2018, with
permission from Elsevier [101]
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applicability may be affected by a lack of exact distinction
between the color of test and control lines, resulting in de-
creased sensitivity. Electrochemical sensors have generally
been fabricated using a label-based design, which is highly
dependent on the labeling and use of enzymes [64].
Unfortunately, the labeling process leads to denaturation of
biomolecules. Also, the activation of enzymes is strongly af-
fected by environmental conditions. Moreover, ECL method
require expensive redox reagents and expertise, which may
limit the development of this method as a POC assay.
Among different methods, FOB have recently attracted con-
siderable attention, as they avoid the potential biological sam-
ple matrix effect. This was made possible by the application of
an evanescent wave in close proximity to the fiber core (about
100 nm) which is able to excite the fluorophores on the fiber
surface. Incorporation of this technique with SERS, which
uses a NIR window, resulted in the reduction of background
interference of autofluorescence and absorption related to
whole blood. This ability indicates that the FOB technique
can be a powerful method for the design of new POC assays.
Unfortunately, despite the importance of BNP detection, only
a small number of FOB sensors have been introduced, which
must be further developed in the future. Most BNP biosensors
were immunosensors, which require expensive antibodies that
can be unstable under long-term storage conditions. Aptamers
with higher affinity and stability in comparison with antibod-
ies can specifically bind to a wide range of targets such as
vitamins and viruses and small molecules to macromolecules
such as amino acids, peptides, proteins, DNA, and RNA [124,
125]. There, for future studies of BNP detection, aptamers
should be applied for the fabrication of sensors.
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