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A B S T R A C T

Electrogenerated chemiluminescence (also called electrochemiluminescence and abbreviated ECL) has attracted
much attention in various fields of analysis due to the potential remarkably high sensitivity, extremely wide
dynamic range and excellent controllability. Electrochemiluminescence biosensor, by taking the advantage of
the selectivity of the biological recognition elements and the high sensitivity of ECL technique was applied as a
powerful analytical device for ultrasensitive detection of biomolecule. In this review, we summarize the latest
sensing applications of ECL bioanalysis in the field of bio affinity ECL sensors including aptasensors, im-
munoassays and DNA analysis, cytosensor, molecularly imprinted sensors, ECL resonance energy transfer and
ratiometric biosensors and give future perspectives for new developments in ECL analytical technology.
Furthermore, the results herein discussed would demonstrate that the use of nanomaterials with unique chemical
and physical properties in the ECL biosensing systems is one of the most interesting research lines for the
development of ultrasensitive electrochemiluminescence biosensors. In addition, ECL based sensing assays for
clinical samples analysis and medical diagnostics and developing of immunosensors, aptasensors and cytosensor
for this purpose is also highlighted.

1. Introduction

Designing of efficient biosensors for sensitive and selective mea-
surement of specific biomarkers, is a significant step for the primary
disease diagnosis, treatment, and management. A typical biosensing
system includes of two main elements, one responsible for selective
biomolecule recognition and the other for readout the corresponding
signal. In bioaffinity sensors, the selective and strong binding of target
biomolecules such as antibodies (Ab), aptamers or oligonucleotides,
membrane receptors, with a target analyte used to produce a measur-
able signal (Alizadeh and salimi, 2018; Luppa et al., 2001; Hamd
Qaddare and Salimi, 2017; Juzgado et al., 2017; Teymourian et al.,
2017; Vo-Dinh and Cullum, 2000; Noorbakhsh and Salimi, 2011;
Khezrian et al., 2013; Kavosi et al., 2015; Mansouri-Majd and Salimi,
2018; Alizadeh et al., 2017; Shahdost-fard et al., 2014). In this way,
great efforts have been done for obtaining highly selective recognition
and the development of new signal transduction pathways to enable
quantitative detection.

Electrochemiluminescence (ECL), also referred to as electro-
generated chemiluminescence, is a kind of chemiluminescence (CL)

phenomenon, whereby an ECL luminophore produced at electrode
surface via an applied voltage undergo high-energy electron-transfer
reactions to generate electronically excited states that luminescent
signals. The ECL possesses unique superiorities over other optical
methods, including photo luminescence, bio luminescence and chemi-
luminescence (Table 1) (Richter, 2004; Zhuo et al., 2018; Bard, 2004).
First and foremost, ECL does not require an external light sources,
which not only simplifies the detection apparatus but also reduces the
background noises in the conventional photoluminescence sensing
system (such as auto-fluorescence and scattered light), thus leading to
high sensitivity. Second, compared with chemiluminescence, ECL
shows distinct control toward the time and position of the light-emit-
ting reaction because ECL emission occurs only in the diffusion layer of
an electrode. The better control over the light emission position lead to
enhanced selectivity, simplicity and reproducibility than CL. It should
be noted that this advantage leads to the simultaneous determination of
multi-analytes in the same sample by using multi-electrodes. Third, ECL
is usually a nondestructive system in many cases, since the regeneration
of ECL emitters can be occurred after the ECL emission. The re-
generation of ECL luminophore allows them to take part in ECL
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reactions again in an excess of co-reactants. As a result, many photons
are produced per measurement cycle that superior enhances the sen-
sitivity of the technique (Hu and Xu, 2010; Fähnrich, 2001; Pyati and
Richter, 2007). Finally, the ECL technique has become one of the most
powerful analytical tool in design of sensor and biosensor for the trace
target detection of biomolecules, clinical diagnostics, environmental
and food monitoring (Miao, 2008; Marquette and Blum, 2008; Forster
et al., 2009).

Over the last two decades, with the fast developing of nanomaterials
based ECL assays, commercial ECL immunoassays and DNA probe as-
says have been widely used in the areas of clinical diagnostics due to
their ability in providing sensitive, selective and rapid response
(Bertoncello and Forster, 2009; Deng and Ju, 2013; Liu et al., 2015; Li
et al., 2012a).

Therefore, we discuss on description and assessment of new re-
ported applications of ECL biosensor including ECL immunoassay,
multiplex ECL immunoassay, aptasensor, genosensor and MIP sensor
and so on (Scheme 1). Furthermore, the application of various ECL
measuring systems in biomarker analysis and applications of novel
nanomaterials in ECL systems, various bioaffinity systems based on
different nanomaterials was also investigated. Furthermore, ECL is
powerful technique which promised for selective and sensitive de-
terminations of analytes in clinical samples due to integrations of high
affinity interactions of analytes with bioreceptors and intrinsic prop-
erties of ECL. So, ECL based sensing assays are growing importance in
medical diagnostics and new applications of ECL measuring systems for
clinical samples analysis in developing of immunosensors, aptasensors,
genosensors and cytosensor is highlighted in this review (Table 2).
However, due to the explosion of ECL application in clinical studies,
this review doesn't include all of the published studies in couple past
decades and we apologize to the authors of excellent work, which is
unintentionally left out.

2. Analytical applications and strategies

2.1. ECL immunoassays

One of the most important development of ECL sensing is mainly
focusing on clinical diagnosis, especially immunoassays. The electro-
chemiluminescence (ECL) immunoassay technique possesses high sen-
sitivity and stability, fast response and simple controllability (Hu and
Xu, 2010); Muzyka (2014). Thus, as an important and powerful

analytical tool, ECL immunoassay has attracted much attention for ul-
trasensitive detection of a wide variety of analytes like virus, bacteria
and protein biomarker. Over the past years, much effort has been done
to improve sensitivity and develop applications of ECL immunoassays.

2.1.1. Electrochemiluminescence immunosensor for detection protein
biomarker

Prostatic cancer is one of the most lethal diseases in the world that
causing thousands of people to lose their lives every year. Prostate
specific antigen (PSA) is a world-recognized biomarker for clinical di-
agnosis of prostatic cancer. Studies have shown that when the con-
centration of PSA rises to 2 ngmL−1, it is more likely to have a prostatic
cancer attack in the human immune system (He et al., 2015). Therefore,
providing a method with high sensitivity and good selectivity for the
quick and dynamic concentration response of PSA in human serum are
urgently demanded. Fig. 1 illustrates a novel Ru(bpy)32+-based elec-
trogenerated chemiluminescence immunosensor for ultrasensitive de-
tection of PSA utilizing palladium nanoparticle (Pd NP)-functionalized
graphene-aerogel-supported Fe3O4 (FGA-Pd) (Yang et al., 2017c). 3D
nanostructured FGA-Pd was employed as the carrier for immobilizing a
large amounts of Ru(bpy)32+ via electrostatic interaction to establish a
brand-new ECL emitter (Ru@FGA-Pd) for improving ECL efficiency.
The obtained Ru@FGA-Pd composite was applied to immobilization of
the secondary antibody, which generated strong ECL signals with tri-
propylamine (TPrA) as a coreactant. Furthermore, gold nanoparticle
(Au NP)-functionalized Fe2O3 nanodendrites (Au-FONDs) with good
electrical conductivity and favorable biocompatibility was utilized to
capture the primary antibody. This ECL strategy by virtue of the su-
periorities of Ru@FGA-Pd composite and of Au-FONDs show the elec-
tron-transfer rate and mass-transfer rate during the ECL emission. The
fabricated sandwich-type ECL immunosensor showed a sensitive re-
sponse to PSA with a low detection limit of 0.056 pgmL−1 (S/N=3),
the good stability (RSD of 3.15%) and favorable selectivity compared to
CEA, AFP, and BSA.

The intrinsic complex luminescence mechanism involving mass
transport and electron transfer (ET) dynamics of abundant radical in-
termediates electrogenerated on the surface of the electrode led to the
relatively low ECL efficiency (Miao et al., 2002; Wang et al.,
2016a)Therefore, numerous electrochemiluminescent systems was used
to promote the ECL emission of luminophore through coreactant
pathways (Zhou et al., 2018). Also, the long electron transfers path and
great energy loss in the intermolecular ECL reaction restrict the further

Table 1
Comparison of advantageous and disadvantageous of different luminescence assays.

Luminescence type Caused by Advantage Disadvantage

Photoluminescence (PL) Photoexcitation of compounds Sensitive,
Simple,
Fast luminescence process,

Light source needed,
High background,
High phototoxicity,
High photobleaching,
Auto photoluminescence,
Unselective photoexcitation

Bioluminescence (BL) Luminous organisms High sensitivity due to low background,
Low cost,
High-throughput imaging within living cells,

Low brightness,
Long imaging time,
Requirement of substrates,

Chemiluminescence (CL) Chemical excitation of compounds Sensitive,
Linear response,
Fast emission of light,
No light source,

Low photon yield,
Limited sensitivity,
Less application,

Electrochemiluminescence (ECL) Electrogenerated chemical
excitation

Rapid and simple measurement,
Wide linear range (over six order),
High precision and sensitivity,
Controlled reactions,
Low sample volume,
No light source,
No background signal,
Simultaneous acquisition of the current signal and
the light signal

More complicated instrument,
Low ECL efficiency of some new emitters,
Need to development of new emitter and co-
reactants,
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development of ECL biosensors. Therefore, the self-enhanced ECL label
by integrating luminophore with its coreactant in a molecular structure
was designed, which exhibits excellent ECL performance due to a
shorter electronic transmission distance and less energy loss.

Fig. 2 illustrates a highly sensitive electrochemiluminescence im-
munosensor based on the Au NCs-TAEA-Pd@CuO ternary nanos-
tructure as highly efficient ECL label for carcinoembryonic antigen
(CEA) detection (Zhou et al., 2018). In this paper, the Au nanoclusters
(Au NCs) functionalized ternary nanostructure with significant elec-
trochemiluminescence (ECL) emission, tris(3-aminoethyl) amine
(TAEA) as the coreactant, and Pd@CuO nanomaterial as the coreaction
accelerator was used to fabricate an ultrasensitive immunosensor for
CEA detection. Herein, Pd@CuO nanomaterial was applied as the cor-
eaction accelerator via covalent attachment so that the ECL emission of
the nanostructure was up to about 40 times as compared to pure Au
NCs. The proposed ECL mechanism was analogous to the widely
adopted Rubpy-TPrA coreactant pathway and was listed as follows:

+ +Au NCs TAEA e Au NCs TAEA2 (1)

++ + + + +Au NCs TAEA Au NCs TAEA H (2)

+ +Au NCs TAEA
pd CuO

Au NCs TAEA
@ (3)

+Au NCs TAEA Au NCs TAEA hv (4)

Through the dual self-catalysis including intramolecular coreaction
acceleration from Pd@CuO to TAEA and intramolecular coreaction
between TAEA and Au NCs, the Au NCs-TAEA-Pd@CuO showed ex-
cellent ECL performance, so that ECL immunosensor exhibited a wide
linear range from 100 fgmL−1 to 100 ngmL−1 with a low detection
limit of 16 fg mL−1 (S/N=3), in the absence of any additional signal
amplification assay. The proposed ECL immunosensor showed excellent
stability (RSD of 2.73% for 20 cycle scans) and good specificity for CEA
determination compared to different nontarget substances of α-1-feto-
protein (AFP), cardiac troponin I (cTnI), and BSA.

Among various electrochemiluminescence luminophores, N-(ami-
nobutyl)-N-(ethylisoluminol) (ABEI), as a special analogue of luminol
because of its superiorities such as chemical stability, nontoxicity, and
high efficiency of luminescence, has drawn intense attention in multiple

fields (Tian et al., 2011; Xie et al., 2016). Furthermore, the spatial
distance between the amino and the aromatic ring of ABEI is further
than luminol, that is an effective strategy to avoid the conjugated at-
traction effect for amino, thus considerably narrowing the space length
between the electrode and the luminescent label to improve the ECL
response. Since, the signal amplification strategy is a key point for the
ECL biosensor fabrication, in recent years the self-enhanced ECL re-
agent, containing the luminophore and coreactive group in one mole-
cular via covalently linking, has won wide attention owing to its ex-
cellent luminous efficiency (Wang et al., 2015; Swanick et al., 2012).
The intramolecular reaction in the self-enhanced ECL system is an ef-
ficient strategy to the shortened electron-transfer path and reduced
energy loss, which can effectively improve the ECL signal amplification.
In this way, Yang and co-workers applied ABEI-PEI as a novel self-en-
hanced ECL reagent for the detection of β2-microglobulin (Yang et al.,
2017a). In this report, ABEI−polyethylenimine (PEI) as a novel self-
enhanced ECL reagent of high ECL efficiency is first prepared by cross-
linking PEI with a large amount of luminophore ABEI by covalent cross-
linking with the assistance of glutaraldehyde (GA). In this study, ABEI-
PEI, has been chosen as a reductant and stabilizer for in situ preparation
of Au@Ag nanochains (Au@AgNCs) which simultaneously realizes
immobilization of numerous ECL reagents. In the following, polyacrylic
acid (PAA) with a negatively charged of carboxyl group (−COO−) is
pervaded on the surface of the ABEI−PEI− Au@AgNCs via electro-
static interaction and the remaining –COO− absorbing abundant Co2+

to form the ABEI−PEI−Au@ AgNCs−PAA/Co2+ complex which could
introduce Co2+ as a catalyst, owing to the excellent catalysis of Co2+ to
the ABEI−H2O2 system (Fig. 3). Finally, the obtained composites
(ABEI−PEI−Au@AgNCs−PAA/Co2+) was applied to immobilization
of the secondary antibody. According to sandwiched immunoreactions,
a sensitive ECL immunosensor is constructed to detect of β2-MG with a
wide linearity from 0.01 pgmL−1 to 200 ngmL−1 and a detection limit
of 3.3 fgmL−1. The proposed ECL immunosensor exhibited good ana-
lytical performance and excellent stability (RSD of 3.22% for 11 cycle
scans) and it was applied for β2-MG detection in human serum samples
that the obtained results were found to be in acceptable agreement with
the those obtained with the reference method.

Scheme 1. Schematic presentation of applications of ECL biosensor.
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Fig. 4 illustrates a 3D microfluidic origami ECL immunodevice for
sensitive point-of-care testing of carcinoma antigen 125 in clinical
serum samples (Wang et al., 2013). In this study, AuNPs was im-
mobilized on the working electrode zone to enhance the rate of electron
transfer and the immobilization of capture antibody (Ab1). The luminol-
AuNPs was applied as ECL luminophores and was conjugated to the
signal antibodies of the ECL sandwich immunoreaction. The sandwich
immunosensor shows an intense ECL emission peak with the increase of
the concentration CA125 (fig). The sensor shows a linear increase in
ECL intensity with increasing concentration of CA125 over the range of
0.01–100 U mL−1 with a low detection limit of 0.0074 U mL−1. The
obtained sensor has high potential applications for making point of care
clinical assays in remote regions and developing countries.

2.1.2. Electrochemiluminescence immunosensor for detection of viruses
A sandwich-type electrochemiluminescence (ECL) immunosensor

based on signal amplification with dendrimeric-quantum dots struc-
tures and magnetic nanoparticles was fabricated for ultrasensitive de-
termination of HBsAg (Babamiri et al., 2018a). In order to achieve the
lower detection limit and higher sensitivity, signal amplification tech-
niques are critical needs for developing ultrasensitive electro-
chemiluminescence immunoassay methods. Herein, dendrimer-
CdTe@CdS nanocluster and magnetic nanoparticles (MNPs) were uti-
lized for dual signal amplification in the electrochemiluminescence
immunoassay (Fig. 5). Polyamidoamine (PAMAM) dendrimers are
hyper-branched and three-dimensional macromolecules with many
substantial tertiary amine groups, employed as carriers for the im-
mobilization of the QDs and the secondary antibodies (Ab2) and the
CdTe@CdS QDs were used as the luminescent labels probe to generate
ECL signals. Furthermore, the functionalized magnetic nanoparticles
(MNPs) with high specific surface area, were employed for HBs anti-
body (Ab1) immobilization and the simplification of the separation
procedures. The proposed ECL immunosensor based on the PAMAM-
CdTe@CdS and magnetic nanoparticles (MNPs) showed a wide linear
range from 3 fgmL−1 to 0.3 ngmL−1 with the detection limit of
0.80 fgmL−1 (S/N ratio of 3) for HBsAg detection and it was applied for
HBsAg detection in human serum samples with satisfactory results.

2.1.3. Electrochemiluminescence biosensor for bacteria analysis
Illness and death caused by pathogenic bacteria have become one of

the major threats to human health around the world. Among the dif-
ferent types of techniques for determination of bacteria, electro-
chemiluminescence assay due to its high sensitivity, wide dynamic
range, stable labels and simplicity is appropriate method that are cap-
able of detecting pathogens in near-real-time.

Vibrio parahaemolyticus (VP) is a curved, rod-shaped and gram-
negative bacterium that naturally inhabits coastal and marine waters,
and was frequently isolated from zooplankton, coastal fish, and shell-
fish and causes gastrointestinal illness in humans (Bisha et al., 2012;
Drake et al., 2007). Therefore, the specific and sensitive determination
of Vibrio parahaemolyticus (VP) as an important cause of sea food-as-
sociated disease is an urgently demand for sea food safety. Sha and co-
workers fabricated a label free electrochemiluminescence sensor for
ultrasensitive and selective detection of marine pathogenic bacterium
Vibrio parahaemolyticus (VP) in sea water and sea food based on
magnetic graphene oxide (nanoFe3O4@GO) (Sha et al., 2016). In this
work, anti-VP and ABEI used as the capture device for VP and the lu-
minophore respectively. The nano Fe3O4@GO with good conductivity
and two-dimensional structure was employed as the carrier for im-
mobilizing of N-(4-aminobutyl)-N-ethylisoluminol (ABEI) and VP anti-
body (anti-VP) which can amplify the ECL response significantly and
improve the sensitivity of the proposed method (Fig. 6A). With in-
creasing the logarithmic concentrations of VP in the range of
10–108 CFU/mL, the ECL intensity decreased and a detection limit of
5 CFU/mL for sea water and 5 CFU/g for sea food was obtained.

As a typical pathogenic bacterium, Escherichia coli O157:H7 is aTa
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common bacterium in both food and humans that cause serious ill-
nesses, such as hemorrhagic colitis, hemolytic uremic syndrome and
kidney failure (Jiang et al., 2016). Therefore Hao and co-workers fab-
ricated an electrochemiluminescence sensor based on AgBr nano-
particles (NPs) anchored 3D nitrogen doped graphene hydrogel
(3DNGH) nanocomposites for the detection of pathogenic bacteria E.
coli O157:H7 (Hao et al., 2017). Three-dimensional (3D) graphene
hydrogel (GH) not only maintain the excellent characteristics of gra-
phene, but also has an exceptionally large accessible surface area even
tightly packed. In this work, the ECL performance of luminol onto the
surface of 3D nitrogen doped graphene hydrogel (3DNGH) for the first
time were explored. Also, the ECL behavior of luminol was further
amplified by using the catalysis of AgBr nanoparticles (NPs), which
were also uniformly anchored throughout the surface of the 3D hier-
archically porous structure. Eventually, the multifunctional

nanoarchitecture was utilized as the all-solid-state ECL platform for
constructing Escherichia coli aptasensors via glutaraldehyde as cross-
linking agent between luminol/AgBr/3DNGH and amine-functionalized
E. coli aptamer. Based on the amplified ECL signal of luminol/AgBr/
3DG and the good selectivity of aptamer, a sensitive all-solid-state lu-
minol-electrochemiluminescence Escherichia coli aptasensors was de-
signed (Fig. 6B). The synthesized luminol/AgBr/3DNGH exhibited
amplified ECL performances, which was about 2, 3, 8 times enhanced
respectively, comparing to luminol/AgBr/3DGH, luminol/3DNGH and
luminol/AgBr/2DNG. With introducing E. coli, the ECL intensity sig-
nificantly decreased in the range from 0.5 to 500 CFU/mL with an ex-
tremely low detection limit of 0.17 CFU/mL (S/N). The excellent re-
producibility (RSD of 2.31%), good specificity compared to S. aureus,
Staphylococci and S. lactis and satisfactory results of recovery test for E.
coli detection in real samples indicated that the suggested strategy was

Fig. 1. Schematic representation of preparation of immunosensor array (Yang et al., 2017c).

Fig. 2. (A,B) Construction of Au NCs-TAEA-Pd@CuO nanostructure and possible ECL mechanism of Only Au NCs-TAEA and Ternary ECL nanostructure with Pd@
CuO as the coreaction accelerator (Zhou et al., 2018).
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practicable for real clinical application.

2.1.4. Cell analysis
Single-cell analysis plays a significant role in the biological, medical

and cellular biological function within complicated cellular environ-
ments studies. However, single-cell investigation suffers from numerous
cellular processes, such as small size of a single cell, proliferation,
metabolism, growth, and intra- and intercellular communication which
limits the development of single-cell analysis. The conventional
methods used for biological investigations reflect the average results
from large cell populations, which cannot show the actual properties of
an individual cell (Cannon et al., 2000; Galler et al., 2014). Thus, the
development of a novel ultrasensitive assay to effectively analyze the
single cell and study the individual cellular function is an urgent need.
Recently, a few studies have been reported analysis of the intra- and
extracellular molecules of a single cell via electrochemiluminescence
(ECL) assay.

CD44, as a cell adhesion molecule expression on the cell surface,
plays a substantial role in tumor biological behaviors, including prog-
nosis, adhesion, metastasis, invasion, and survival (Li et al., 2012b;
Tang et al., 2015). Since, the investigation of CD44 in a single breast
cancer cell plays significant for understanding the function of CD44 in
clinical studies, Qiu and co-workers fabricated a simple, ultrasensitive,
and single-cell analysis platform using solid-state zinc-coadsorbed
carbon quantum dot (ZnCQDs) nanocomposites as an ECL probe and
graphene oxide (GO)/AuNPs as substrates of the sensing interface for
the quantitative detection of breast cancer cells and assessment of the
CD44 expression level on different cell-line surfaces (Qiu et al., 2017).
Herein, ZnCQDs illustrated 5.5-fold enhancement of the ECL intensity,
which was a contribution of a change of the surface states of CQDs

leading to better conductivity of zinc ions. The ECL emission me-
chanism was based on electron transfer annihilation between an an-
ionic quantum dot radical (ZnCQDs•−) and the oxidized species of the
coreactant (SO4

•−) as follows:

ZnCQDs + ne− → nZnCQDs•− (5)

S2O8
2− + e− → SO4

2− + SO4
•− (6)

nZnCQDs•− + SO4
•− → nZnCQDs∗ + SO4

2− (7)

ZnCQDs∗ → ZnCQDs + hν (8)

In the following, the GO/AuNPs interface was applied to improve
the ECL performance and achieve much higher stability and folic acid
was further modified on the GO/AuNPs interface to capture cancer cells
(Fig. 7A). Therefore, solid-state ZnCQDs nanocomposite probes were
fabricated through the attachment of ZnCQDs to gold nanoparticles and
the loading of magnetic beads to amplification the ECL emission that
display a remarkable 120-fold enhancement of the ECL intensity. In the
following, Hyaluronic acid (HA)-functionalized solid-state probes were
labeled on breast cancer cells by the specific recognition of HA with
CD44 on the cell surface. This strategy exhibited a good analytical
performance for the analysis of MDA-MB-231 and MCF-7 single cells,
and 20 single cells of these two cell lines were further analyzed in order
to evaluate the cellular heterogeneity on CD44, which was first detected
by ECL assay.

Some shortcomings of the traditional ECL emitters, including their
biotoxicity, weak photostability and chemical stability is one of the
challenges in development of ECL sensors. Upconversion nanoparticles
(UCNPs) as new ECL emitter because of noteworthy advantages such as
narrow emission peaks, high quantum yields, large anti-Stokes shift,

Fig. 3. Different steps for fabrication of ECL immunosensor and response mechanism (Yang et al., 2017a).
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low toxicity and light stability, widely used in many fields including
biological imaging, labeling, clinical therapy (Zijlmans et al., 1999;
Heer et al., 2004; Zhou et al., 2012).

In this case, Zhang and co-workers proposed a novel electro-
chemiluminescence (ECL) cytosensor for the sensitive detection of HeLa
cells (human cervical cancer cells) with the help of a signal amplifica-
tion strategy by using Au–NaYF4:Yb,Er nanocomposites (Zhang et al.,
2018). During diagnosis process, folic acid (FA) was applied to capture
folate receptor (FR) over-expressing HeLa cells. Also, HeLa cells were
immobilized on the surface of the modified electrode through the in-
teraction between folic acid and a folate receptor present on the cell
surface. Furthermore, in comparison with the bare Au–NaYF4:Yb,Er
nanocomposites, the ECL intensity of Au–NaYF4:Yb,Er nanocomposites
was greatly amplified by about 4.2-fold which can be attributed to the
good conductivity of gold nanoparticles (Au NPs). The ECL cytosensor
illustrated high and stable ECL emission, fast response and satisfactory
sensitive response to HeLa cells in a linear range of
4.25×102–4.25×105 cells per mL with a low detection limit of
326 cells per mL (Fig. 7B).

2.1.5. Multiplexing ECL-based immunoassay
Since the most markers are not specific to a particular tumor and the

most cancers have more than one marker associated, so single marker
immunoassay is not sufficient for the diagnosis specific cancer. Thus,
the simultaneous determination of tumor markers in a single assay
played a crucial role in clinical diagnosis and can dramatically improve
the treatment efficiency, minimizes sample volume and handling, in-
creases the amount of information obtainable from each sample and
decreases assay cost. Multiplexing assay is customarily have been used
to increase diagnostic capacity of individual testing and reduce cost by
enabling multi-analyte detection in a single test run. It is known that
the multiplexed immunoassay needs different labels with specific signal
for each target. ECL-based assays are inherently suited to the applica-
tion of multiplexing. Accordingly, ECL multiplexed immunoassay needs

different labels with different potential or wavelength signals for the
specific target.

Babamiri and co-workers developed the potentially-resolved elec-
trochemiluminescence (ECL) immunoassay based on a dual signal am-
plification strategy by using polyamidoamine dendrimer - quantum dots
(PAMAM –QDs) and PAMAM-luminol as the signal probes and
Fe3O4–SiO2 as a magnetic bead was designed for the simultaneous de-
termination of two different tumor markers, alpha-fetoprotein (AFP)
and carcinoembryonic antigen (CEA) (Babamiri et al., 2017). Heir in, to
enhance the sensitivity of the purposed method, PAMAM dendrimers
was applied as the carrier for immobilizing luminol, CdTe@CdS (QDs)
and the secondary antibodies (Ab2CEA-AFP). Also, the functionalized
magnetic nanoparticles (Fe3O4–SiO2 NPs) with large specific surface
area and the capability of being attracted by an external magnetic field
was applied as biological carriers of primary antibodies (Fig. 8A). Lu-
minol and CdTe@CdS QDs at the presence of H2O2 as a co-reactant
agent generate luminescence signals at +0.6 V and −1.12 V (vs Ag/
AgCl), respectively (Fig. 8B). Thus, simultaneous multianalyte im-
munoassay could be achieved in a single run in a wide linear range from
0.25 fgmL−1 to 20 pgmL−1 with a very low detection limit of
0.10 fgmL−1 for both analysts. The application of the immunosensor
for simultaneous detection of AFP and CEA in human serum as real
sample was evaluated and the obtained results were in acceptable
agreement with the reference values from ELISA method. According to
the obtained results this study could be creating new opportunities for
the early disease diagnosis with higher efficiency.

In another study, a multiplex ultrasensitive electro-
chemiluminescence (ECL) immunoassay using (PAMAM-sulfanilic acid-
Ru(bpy)32+ -Ab2 CA125) and (PAMAM-CdTe@CdS-Ab2 CA15-3) as the
signal probe and Fe3O4@SiO2/dendrimer as the magnetically sensor
platform was fabricated for the simultaneous determination of 153 (CA
15–3) and cancer antigen 125 (CA 125) antigen cancer markers
(Babamiri et al., 2018b). The CdTe@CdS-QDs and Ru(bpy)32+ at the
presence of tripropyl amine (TPA) as coreactant generate ECL at an

Fig. 4. (A) Schematic representation of the fabrication of the ECL immunosensor and assay procedure; (B) Schematic representation of the integration of 3D
microfluidic origami immunodevice with transparent device-holder (Wang et al., 2013).
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applied voltage of +1.2 V (vs Ag/AgCl) in two different wavelengths
500 and 620 nm, respectively. Based on the proposed strategy, by
employing Fe3O4@SiO2-dendrimer as immunosensing platform and
PAMAM as the carrier for immobilizing CdTe@CdS and Ru(bpy)32+

probes, the simultaneous measurement of two tumor markers in single
run carried out. As shown in Fig. 8C, at first CA 125 and CA 15–3 an-
tibodies (Ab1) were immobilized on Fe3O4@SiO2/dendrimer. Finally,
after incubation of antigens and luminescent labels, the constructed
sandwich immunocomplex was assembled on the surface of ITO elec-
trode by external magnetic forces. In cyclic voltammetric scan with tri-
n-propylamine as the co-reactant agent, the amplified ECL signals at
different wavelengths were obtained (Fig. 8D). With increasing con-
centration of CA 125 and CA 15-3 markers in the wide linear ranges of 1
μU/mL - 1 UmL−1 and 0.1 mU/mL-100 U/mL respectively, the ECL
signal response increased. The satisfactory results from the applicability
of this ECL immunoassay for real samples analysis indicated that the
constructed ECL immunosensor can be used for the successfully si-
multaneous determination of CA 15–3 and CA 15–3 in human serum
samples in clinical diagnostics.

2.2. Electrochemiluminescence aptasensor

Since, DNA probe assays have a wide range of applications in areas
of medical diagnostics, environmental investigations, pharmaceutical
studies, gene expression analysis and biological warfare agent detec-
tion, ECL has been used as a powerful and important analytical tech-
nique for DNA probe assays. ECL as a transducing signal for DNA probe
assays is considered as a promising method to improve sensitivity and
selectivity by lowering the background signal.

2.2.1. Electrochemiluminescence aptasensor for detection of cancer
biomarker

Aptamers as artificially synthesized nucleic acids with benefits such
as simple synthesis, high specificity and affinity, good stability, easy
chemical modification widely used for highly selective detection. Over
the recent years besides the traditional ECL systems such as luminol-
H2O2 and Ru(bpy)32+- tripropylamine, the new ECL luminophores
based on nanomaterials including, CuS (Bansal et al., 2015), MoS2–CdS
(Shi et al., 2015), CeO2 (Zhang et al., 2011) and CdS (An et al., 2015)
have been used to developing sensitive biosensors.

Accordingly, yang and co-workers developed a signal-switchable
electrochemiluminescence (ECL) aptasensor based on ferrocene-gra-
phene sheets (Fc-GNs) for high-efficiency quenching of ECL from Au
nanoparticles functionalized cadmium sulfide flower-like three dimen-
sional (3D) assemblies (Au–CdS flowerlike 3D assemblies) for sensitive
detection of prostate specific antigen (PSA) (Yang et al., 2017b).
Herein, Au–CdS flower-like 3D assemblies with large surface area
which was employed as luminophore, exhibiting strong and stable ECL
intensity. The sensing platform was obtained by assembling captured
DNA (cDNA) and hybridizing it with half of base sequence of PSA ap-
tamer on the Au–CdS flower-like 3D assemblies the surface of modified
electrode (Fig. 9). One end of the captured DNA was covalently im-
mobilized on Au–CdS flower-like 3D assemblies modified electrode by
Au–S bond and the remaining part of the non-complementary base of
the aptamer could preferentially adsorb GN with the signal switched
“off” state. In the following, the binding of PSA with aptamer caused
desorption of aptamer from the surface of Fc-GNs and was then released
from electrode surface, leading to significant signal recovery (signal
switch “on” state). With the transformation of luminescence signal from

Fig. 5. Schematic illustration for the fabrication of the ECL sandwich immunoassay (Babamiri et al., 2018a).
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“off” to “on”, the ECL intensity significantly increased in the range of
1 pgmL−1 to 25 ngmL−1 with an extremely low detection limit of
0.38 pgmL−1 S/N=3). Also, the excellent reproducibility (RSD of
2.7%), good specificity compared to interfering proteins, such as IgE,
IgG and the successfully application of the determination of PSA in
human serum samples with recoveries of 85.8–104.0%, suggesting
great potential applications in biochemical analysis.

2.2.2. Electrochemiluminescence aptasensor for detection of metal ions
In the past few decades, the development of a simple and efficient

device to identify heavy metal ions, such as Pb2+, As3+, Cd2+ and
Hg2+, has been one intense issue in chemical and biological domain. In
this way, Zhang's group fabricated a 3D microfluidic analytical device
on cellulose paper for simultaneous ECL detection of Pb2+ and Hg2+ in
a single paper electrode via covalent immobilization of the corre-
sponding oligonucleotide (aptamer). As shown in Fig. 10A, the 3D

Fig. 6. (A) The schematic diagram for the preparation of multi-functionalized graphene oxide and the ECL immunosensor (Sha et al., 2016). (B) The schematic
presentation for the ECL Escherichia coli biosensor with fabricated with luminol/AgBr/3DNGH (Hao et al., 2017).
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paper-based ECL device was fabricated from a patterned pure cellulose
paper. In the following, the aptamers are tagged with a terminal ECL
label and covalently immobilized on the paper working zone of SPCWE.
The Ru(bpy)32+-AuNP aggregates (Ru@AuNPs) and silica nano-
particles capped with carbon nanocrystals (CNCs) (Si@CNCs) are both
applied as terminal ECL labels for Hg2+ and Pb2+ determination, re-
spectively. In the absence of metal ions, the modified aptamer chain
prevents electrical contact between the ECL label and the electrode.
With introducing Pb2+ and Hg2+ the immobilized aptamers fold their
flexible, single-stranded chains into G-quadruplex and T–Hg–T com-
plexes, respectively (Fig. 10B). The change in confirmation of the ap-
tamer leads to the electrical communication of the ECL label with the
electrode and producing a positive ECL signal. As illustrated in Fig. 10C,
the ECL intensity of the sensor for simultaneous detection of two metal
ions increased with the increasing concentration of the metal ions. The
calibration plots show a good linear relationship between ECL intensity

and metal ions concentration in the range of 3.0× 10−11 to
1.0×10−6M for Pb2+ and 5.0× 10−10 to 1.0×10−6M for Hg2+

with a good detection limit of 10 pM and 0.2 nM for Pb2+ and Hg2+,
respectively (Fig. 10D). Also, the low-cost POC assay was successfully
applied to lake water and human serum samples and represents a
simple, portable and economical method for environmental monitoring
and clinical measurements.

In another study, Babamiri et al. fabricated a simple and sensitive
“on-off-on” signal switching electrochemiluminescence (ECL) aptasen-
sing assay for selective detection of Hg2+ (Fig. 11) (Babamiri et al.,
2018c). In this electrochemiluminescence resonance energy transfer
(ECL-RET) approach, Fe3O4@SiO2/dendrimers/QDs showed a greatly
amplified ECL signal (first signal switch “on” state). In the following,
with the hybridization reaction between T-rich ssDNA (S1) immobilized
on the Fe3O4@SiO2/dendrimers/QDs and AuNPs modified with com-
plementary aptamer (AuNPs-S2), the ECL emission of QDs

Fig. 7. (A) Preparation Process of a Multiple-Signal-Amplification Solid-State ZnCQDs Nanocomposite ECL Probe and Fabrication of the Proposed Single-Cell Analysis
Platform (Qiu et al., 2017) (B) Schematic illustration of synthesizing Au–NaYF4:Yb,Er nanocomposites, and schematic representation of the cytosensor based
Au–NaYF4:Yb,Er nanocomposites for detecting HeLa cells (Zhang et al., 2018).
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Fig. 8. (A) Schematic illustration for the fabrication of the ECL sandwich immunoassay (Babamiri et al., 2017) (B) ECL responses of the proposed immunosensor in
different concentrations of CEA and AFP (C) Schematic illustration for the fabrication of the ECL sandwich immunoassay (Babamiri et al., 2018b) (D) ECL responses
of the proposed immunosensor in different concentrations of CA 125 and CA 15–3.

Fig. 9. Schematic illustration of the ECL biosensor for detection of PSA (Yang et al., 2017b).
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nanocomposites was efficiently quenched (switch “off” state). Once
Hg2+ ions were introduced into the system, aminated T-rich-ssDNA
designed to capture Hg2+ formed a stable T-Hg2+-T complex which led
to the desorption of AuNPs-S2 from double-stranded DNA (dsDNA) and
the recovery of the ECL signal of QDs (second signal switch “on” state).
Under optimal conditions, the designed ECL-RET aptasensor was suc-
cessfully used for measurement Hg2+ ions with a very low detection
limit of 2 aM from samples of tap waters, carp and saltwater fishes with
satisfactory results.

2.3. Electrochemiluminescence genosensor for detection of microRNA

MicroRNAs (miRNAs), as a class of endogenous noncodesmall mo-
lecules (18-22 nt), play important roles as significant regulators to
regulate fundamental cellular procedures via the modulation toward
the expression of target genes. Research evidence has shown that
miRNA is a potential class of biomarker candidate for cancer classifi-
cation, early disease diagnosis, especially human cancers, neurological
diseases, viral infections and diabetes (Cullen, 2004; Volinia et al.,
2010). So far, many kinds of biosensors for microRNA detection have
been reported (Zhang et al., 2015).

For example, as illustrated in Fig. 12A, Zhang and co-worker con-
structed an effective sensing platform for microRNA (miRNA) detection
based on an off−on switching of a dual amplified electro-
chemiluminescence (ECL) biosensor based on Pb2+-induced DNAzyme-
assisted target recycling and rolling circle amplification (RCA). In this
study, a dual amplified ECL biosensor by coupling Pb2+-requiring
DNAzyme-assisted target recycling amplification with Y junction has
been developed for the highly sensitive miRNA detection in an off-on

manner for the first time. Herein, the “switch-off” sensing platform was
obtained by the quenching effect of dopamine towards a luminol/H2O2

system owing to the DNA hybridization reaction of the dopamine
modified DNA sequence (S1) with HP hairpin probe. At first, the primer
probe was incubated with the assistant probe and the target RNA to
form the Y junction structure which was cleaved with the addition of
Pb2+ to release miRNA. The released miRNA could initiate the next
recycling process, leading to the generation of abundant intermediate
DNA sequences (S2). Afterward, the treated glassy carbon electrode
(GCE) was electrodeposited with HAuCl4, which presented an out-
standing Au nanoparticles platform to modify numerous hairpin probe
(HP) through Au–S bonding. Then, dopamine (DA)-modified DNA se-
quence (S1) was applied to unfold the hairpin loop of HP DNA and
hybridize with HP hairpin probe, which switching off the sensing
system. Due to the quenching effect of DA toward luminol, the ECL
signal was reduced which indicated that the system presented the off
state. Then, S2 produced by the target recycling process was loaded
onto the modified electrode to displace S1 and served as an initiator for
RCA. A numerous repeated DNA sequences coupling with hemin
formed a hemin/G-quadruplex that exhibited strongly catalytic effect
toward H2O2, which could have amplified the ECL signal to obtain the
second “switch-on” state during the measurement process in the range
of 1.0 fM to 100 pM. The obtained results from investigate the feasi-
bility and capability of this method for the expression of miRNA-155 in
cell lysates, including a cervical cancer cell line (HeLa), human renal
cubularepithelial cell line (HK-2), normal hepatocyte cell line (L02),
and human umbilical vein endothelial cell line (HUVEC) demonstrate
that the proposed method provided an efficient and promising alter-
native tool for determining miRNA-155 in clinic analysis.

Fig. 10. Schematic representation of a 3D paper-based ECL device (A). SPCWE showing immobilized Ru@AuNP-labeled DNA strands for Hg2+ (Right) and
Si@CNClabeled DNA strands for Pb2+ (Left); change in confirmation of the aptamers after capturing with Pb2+ and Hg2+ (B). ECL intensity profiles with the
increasing concentration of Pb2+ and Hg2+, in 10mm Tris–HCl buffer (pH 7.4) (C). Calibration curves of a 3D paper-based ECL sensor for determination of Pb2+ and
Hg2+ concentration. The inset shows ECL peak intensity vs. concentration of Pb2+ and Hg2+ plotted on a logarithmic scale (D) (Zhang et al., 2013).
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Due to insufficient information, using only one single miRNA as a
biomarker may induce false positive results for diagnosis specific dis-
eases. For example, the prostate cancer is associated with the levels of
miRNA-141 and miRNA-21 that the simultaneous determination of
them, can provide a more reliable measurement and showed the pat-
terns that contribute to the diagnosis of malignancy. Thus, Shao and
et al. fabricated a novel electrogenerated chemiluminescence (ECL)
biosensor for the simultaneous determination of miRNA-141 and
miRNA-21 based on the potential-resolved strategy (Shao et al., 2018).
In this proposed biosensor, the 2D nanomaterials g-C3N4@AuNPs and
Ru-MOF could exhibit two strong and stable ECL emissions at −1.4 V
and +1.5 V respectively, which could be employed as effective po-
tential-resolved signal tags. Herein, by immobilization of hairpin DNA1

(HP1) and hairpin DNA2 (HP2) on Fe3O4@Au nanocomposites, capture
probes were constructed. Also, g-C3N4@AuNPs nanocomposites labeled
by signal DNA1 (sDNA1) and ruthenium-based metal organic framework
(Ru-MOF) nanosheets labeled by signal DNA2 (sDNA2) were applied as
ECL emitters (Fig. 12B). Accordingly, a novel potential-resolved
Faraday cage-type ECL biosensor was designed and constructed for the
simultaneous detection of miRNA-141 and miRNA-21 within the linear
range of 1 fM to 10 pM, with the detection limit of 0.3 fM, which could
provide a feasible tool for multiple-target analysis in clinical diagnosis.

2.4. Molecularly imprinting technology-based biosensors

In recent years, molecularly imprinted polymers (MIPs) because of
its superiorities such as desirable chemical and thermal stability, high
adsorption capacity, effectively detection of specific molecules, ex-
cellent reusability, simplicity and low cost have been used as promising
alternatives to natural receptors to developing new generation of che-
mical/biological sensors (Haupt, 2001; Chen et al., 2011; Wulff, 2013).
On the other hand, the sensitivity and efficiency of the MIP sensors
depends on the approaches of signal readout.

Among different methods such as electrochemical (Xie et al., 2010),
chemiluminescence (Lin and Yamada, 2000), fluorescence
(Subrahmanyam et al., 2001) and electrochemiluminescence, the
electrochemiluminescent (ECL) techniques because of noteworthy ad-
vantages such as high sensitivity, low background signal, inexpensive
instruments, excellent controllability and fast response is a promising
analytical tool for the highly sensitive determination of the ultra-trace
amounts of different targets in clinical diagnostics, environmental and
biomolecule monitoring. Therefore, in this review we discuss some of
new reported applications of molecularly imprinted electro-
chemiluminescence sensor.

As mentioned E. coli O157:H7 is one of the most dangerous types

Fig. 11. Schematic representation of the ECL biosensor for Hg2+ detection (Babamiri et al., 2018c).
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pathogenic bacteria which can cause serious illnesses such as hemor-
rhagic colitis (HC) and hemolytic uremic syndrome (HUS) (Hu et al.,
2016). Accordingly, Chen's group fabricated a highly electro-
chemiluminescence (ECL) biosensor based on polydopamine (PDA)
surface imprinted polymer (SIP) and the ECL characteristics of ni-
trogen-doped graphene quantum dots (N-GQDs) for the quantitative
detection of Escherichia coli (E. coli) O157:H7 (Chen et al., 2017). In this
sensing strategy, the electropolymerization method by using the do-
pamine and the target bacteria was employed to form homogeneous

polymer film on the electrode surface. In the co-polymerization of DA,
the target bacteria were applied as template in the formation of PDA
film on the electrode surface. After the E. coli O157:H7 template was
removed, the established PDA SIP can selectively recognize and com-
bine the target bacteria (Fig. 13A). On the other side, E. coli O157:H7
polyclonal antibody (pAb) was labeled with N-GQDs. Subsequently, the
specific binding between the E. coli O157:H7 bacteria and pAb-N-GQDs
on the modified GCE generated intensive ECL signal in the presence of
K2S2O8 as coreactant agent. In this work a rigid, uniform and selective

Fig. 12. (A) Schematic Diagram of Dual Amplified Assay Conducted Procedure: (a) Modification of S1, (b) Displacement of S1 by S2, (c) Incubation of T4 Ligase and
Padlock Probe, (d) RCA Process, and (e) the Formation of Hemin/G-quadruplex (Zhang et al., 2015) (B) The proposed potential-resolved Faraday cage-type ECL
biosensor for the determination of dual targets miRNA-141 and miRNA-21 (Shao et al., 2018).
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poly dopamine (PDA) imprinted film prepared via electropolymeriza-
tion method by using the ECL behavior of N-GQDs was employed for E.
coli O157:H7 detection in the wide linear range 101–107 CFUmL−1

with a limit of detection (LOD) of 8 CFU mL-1.
Creatinine (Cre) is the final product of the metabolism of creatine in

mammals, that its concentration is less affected by the dietary changes.
Therefore the sensitive and selective detection of ultra-trace amount of
creatinine in blood and urine is a fairly reliable indicator in the clinical
evaluation of renal function, the severity of kidney damage, muscular
disorders and thyroid malfunction (Chen et al., 2006; Yamato et al.,
1995). Hence, a highly sensitive and selective molecularly imprinted
polymer electrochemiluminescence sensor (MIP-ECL) based on stable
and water-soluble Ni nanoclusters (Ni NCs) capped with a model pro-
tein, bovine serum albumin (BSA) as a novel photoluminescent nano-
material for highly measurement of creatinine was developed (Babamiri
et al., 2018e). In this study, the uniform magnetic graphene oxide (GO-
Fe3O4) MIP film was established on the surface of ITO electrode by sol-
gel method using creatinine as template and tetraethyl orthosilicate
(TEOS) as cross-linker (Fig. 12B). During the ECL process, tripropyla-
mine (TPA) was oxidized, and Ni NCs-embedded in MIP got the energy
to generate excited state Ni NCs* for light emission. (Fig. 13B). During
the ECL process, tripropylamine (TPA) was oxidized, and Ni NCs-em-
bedded in MIP got the energy to generate excited state Ni NCs* for light
emission with the following equations (9)–(14):

TPrA – e− → TPrA •+ (9)

Ni NCs + TPrA •+ → Ni NCs+ +TPrA (10)

TPrA•+→ TPrA•+ H+ (11)

Ni NCs + TPrA• → Ni NCs−+ Pr2N+CH2–CH3 (12)

Ni NCs++ Ni NCs−→ Ni NCs* + Ni NCs (13)

Ni NCs*→ Ni NCs + hν (14)

In the presence of creatinine, the imprinted cavities were occupied
by creatinine, the ECL emission of Ni NCs on the MIP-modified elec-
trode surface was efficiently quenched and the responses of the pro-
posed sensing decreased with the increasing of creatinine concentration
a linear range from 5 nM to 1mM. The satisfactory results determina-
tion of creatinine in real human serum samples and urine showed that
the fabricated sensor can be promised as reliable approach for creati-
nine measuring in clinical samples.

3. Conclusion and perspective

In conclusion, the ECL sensor is a commercially successful analytical
platform with high sensitivity and excellent selectivity that is widely
used for the detection of a wide range of analytes, such as biomarkers,
toxins, metal ions, viruses and bacteria. The unique and attractive
properties of ECL technique and the popularization of the commercial
ECL instrumentation have paved the way for the development of new
assays and the applications of ECL assays in clinical diagnostics, drug
screening, environmental detections, biodefense, food and water safety
and so on. In this review, we have the retrospect of applications of ECL
bioaffinity sensing systems; including ECL immunoassay, multiplex ECL
immunoassay, aptasensor, genosensor and MIP sensor and so on. A vast
number of novel applications of ECL biosensors including development
of new ECL light-emitting molecules and coreactants, new ECL me-
chanisms, investigation of molecular interaction, miniaturization of
instruments, ECL imaging techniques, single molecule detection and
ECL screening techniques demonstrating that the future development of
electrochemiluminescence technology will continually profit from the
rapid current advances. Recent developments of ECL will lead to the
development of new ECL light-emitting molecules with different prop-
erties and high efficiencies and presentation of portable devices such as
biomedical point-of-care devices and field instruments for use in en-
vironmental research. Furthermore, due to recent development of na-
notechnology in bio sensing systems, the efficiency of ECL biosensing
methods will be improved by using various nanomaterials, such as
Quantum dots, Carbon dots, metal nanoclusters, graphene, etc. The
nanomaterials will be used not only as luminophore but also they may
be applied as quenchers in electrochemiluminescence resonance energy
transfer (ECL-RET) strategies and electrochemical platform for im-
mobilization of inorganic metal complexes (Os, Ru, Ir) and organic
molecules (luminol). In addition, the miniaturization of ECL sensing
methods is another area that is expected to grow rapidly with combi-
nation of microfluidic platforms or microarray technology and nano-
materials for the development of ultra-sensitive lab-on-a-chip systems
for a variety of bio devices applied in clinical, food industry and en-
vironmental laboratories.

In compared to various advantageous of ECL bioaffinity sen-
sors, there still exist several challenges such as choose the emitters and
their ECL excitation potentials, intensities, wavelengths and co-re-
actants, the low ECL efficiency of some new emitters which could not
achieve an image with high resolution for imaging systems and stability
of the nanocomposites on the electrode for the development process of

Fig. 13. (A) Schematic presentation of fabrication procedure of biosensor and detection process (Chen et al., 2017) (B) Schematic representation of the MIP-ECL
assay for the detection of creatinine (Babamiri et al., 2018e).
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ECL sensors. Furthermore, high toxicity, low efficiency or stability and
none biocompatibility of emitters and co-reactants decreased the ap-
plications ranging of ECL biosensing or bioimaging systems. Also, more
research is required to present new ECL emitter that are equally stable
with Ru(bpy)32+ but possess a higher ECL efficiency and new co-re-
actants that will be superior to TPrA and DBAE.

In the near future, it is expected that ECL sensing systems will be
used in more creative applications with high-performance and reliable
detection. Therefore, future studies will be performed toward im-
proving ECL efficiency of luminophores and to explore the properties
and ECL performance of more efficient ECL sensors. So, development of
novel luminophores and various co-reactors with highly eco-friendly,
low toxicity and high ECL efficiency for improving of bioimaging de-
vices is also some future directions in this field. Development of low
toxicity, creating of complete biosensing system integrated with
modern telecommunications will be the next generation diagnostics
systems and it seems at the future the ECL based biosensing assays will
have a potential for applications to POC testing.
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