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Abstract
Early diagnosis of C reactive protein  (CRP) is critical to applying effective therapies for related diseases. Diagnostic tech-
nology in today's healthcare systems is mostly deployed in central laboratories, involves expensive and time-consuming 
processes, and is operated by specialized personnel. For example, the enzyme-linked immunosorbent assay  (ELISA), consid-
ered the gold standard diagnostic method, is labor-intensive and requires complex procedures such as multiple washing and 
labeling steps. Due to these limitations of current diagnostic techniques, it is difficult for people to regularly monitor their 
health and ultimately the disease is more likely to be diagnosed at a later stage. The problem is exacerbated for economically 
disadvantaged people living in underdeveloped countries. To address these challenges in the traditional diagnostic field, 
point-of-care  (POC) biosensors have emerged as a promising alternative. This allows patients to have their health checked 
regularly at or near their bedside without resorting to laboratory tests. Nanotechnology-based methods such as biosensors 
have been extensively researched and developed. Among biosensors, there are also label-free biosensors with high sensitiv-
ity that do not require complicated procedures and reduce test time. However, some drawbacks such as high cost, bulky size 
and need for trained personnel to operate have not been improved. In this review article, we provide an overview of routine 
methods in CRP diagnosis and then introduce biosensors as a modern, advanced alternative to older methods. Readers of 
this article can learn about biosensing and its benefits while being aware of the limitations of routine methods.
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Abbreviations
CV	� Cyclic voltammetry
EIS	� Electrochemical impedance spectroscopy
CRP	� C reactive protein
DPV	� Differential pulse voltammetry
CVD	� Cardiovascular disease
SPR	� Surface plasmon resonance

CSPE	� Carbon screen-printed electrode
CNFs-CHIT	� Carbon nanofiber chitosan
SERS	� Surface-enhanced Raman scattering
GQDs	� Graphene quantum dots
DLS	� Dynamic light scattering
AD	� Alzheimer's disease
ELISA	� Enzyme-linked immunosorbent assay

1  Introduction

C-reactive protein  (CRP) was discovered in 1930 by Tillett 
and Francis (Zeller et al. 2022). The name CRP originates from 
its initial identification as a substance in the sera of patients 
with acute inflammation that reacts with the pneumococcal 
capsular saccharide antigen 'c'. CRP has both anti-inflammatory 
and pro-inflammatory properties (Manikandan et al. 2020). It 
plays a role in recognizing and removing damaged cells and 
foreign pathogens by binding to histones, phosphocholines, 
phospholipids, chromatin and fibronectin (Jimenez and 
Szalai 2021). It activates the classical complement pathway 
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and activates phagocytic cells via Fc receptors to damaged 
or apoptotic cells, facilitate clearance of cell debris, and 
foreign pathogens (Baruah 2020). However, this can become 
pathological when activated by autoantibodies presenting the 
phosphocholine arm in autoimmune processes such as idiopathic 
thrombocytopenic purpura  (ITP) (Baruah 2020). In some cases, 
CRP exacerbate tissue damage by activating the complement 
system and activating inflammatory cytokines (Enocsson 
et  al. 2021). Compared to the erythrocyte sedimentation 
rate, an indirect test of inflammation, CRP levels increase 
and decrease rapidly with the onset and disappearance of 
inflammatory incentives (Enocsson et al. 2021; Perico et al. 
2021). Sustained elevated CRP levels can be seen in chronic 
inflammatory diseases such as inflammatory arthritis such 
as rheumatoid arthritis and chronic infections (Bhagavatham 
et al. 2022). Elevated C-reactive protein has many causes. 
These include acute and chronic diseases of infectious or non-
infectious origin. However, trauma can also lead to an increase 
in CRP  (alarm response), although significant increases 
in CRP levels are usually associated with infectious causes  
(Pathogen-associated molecular patterns  (PAMPs)) (Sahu 
et al. 2020; Souza Pires-Neto and E.d.S.G. Amoras, M.A.F. 
Queiroz, S. Demachki, S.R. da Silva Conde, R. Ishak, I.M.V. 
Cayres-Vallinoto, A.C.R. Vallinoto  2020). Low altitude tends 
to be associated with a wide range of etiologies, from sleep 
disturbances to periodontal disease. Due to the diagnostic 
importance of CRP as a biomarker of inflammation, there 
are many methods commonly used in the literature such as: 
and various types of biosensors (Wang et al. 2019; Qin et al. 
2020). Most of these methods are expensive and difficult to 
apply in the medical field. ELISA tests are often expensive and 
time consuming to prepare. Furthermore, the sensitivity of the 
method depends on the ELISA kit used and is limited to elevated 
CRP concentrations (Xie et al. 2020). To minimize the problems 
of conventional CRP assays such as high false positive rate due 
to non-specific binding, biosensor technology was expansion 
in the past decade remarkably. Biosensors are one of the most 
important nanomaterial-based methods in detection of wide 
range biomarkers and biomolecules. Our goal in this paper is 
to provide the latest and comprehensive insights on biosensing 
techniques in the detection of CRP, focusing on the potential 
of biosensing technology in the determination of various 
biomarkers and targets.

2 � C‑reactive protein

C-reactive protein  (CRP) is a well-known immune response 
protein belonging to the pentraxin family of proteins. C- 
reactive units appear at the very early stages of infection and  
have been found to be at high concentrations in the blood dur-
ing inflammatory conditions (Sproston and Ashworth 2018; 
Avan et al. 2018). Unlike many other acute phase proteins, 

CRP levels increase more rapidly and have long been used for 
clinical purposes as a diagnostic and prognostic biomarker 
and as a response to therapy  (Sproston and Ashworth 2018; 
Avan et al. 2018). Moreover, CRP synthesized in the liver 
and levels increase in response to inflammation (Ridker and 
Rane 2021). CRP is an acute-phase response protein that is 
primarily induced by the action of IL-6 on genes responsible 
for CRP transcription during the acute phase of inflamma-
tory/infectious processes (Ridker and Rane 2021). It is ques-
tionable whether dysregulation of the role of CRP in clearing 
apoptotic cells and cellular debris is involved in the patho-
genesis of systemic lupus erythematosus  (SLE), and has 
not been conclusively demonstrated (Kosutova et al. 2023). 
Animal studies of lung tissue in alveolitis  (an inflammation 
in the inner part of the lungs) have shown that CRP has sev-
eral protective properties by reducing neutrophil-mediated 
damage to the alveoli and leakage of proteins into the lung 
(Blondonnet et al. 2016)  (Fig. 1).

3 � Methods in detection of C‑reactive protein

ELISA is an immunological assay commonly used to meas-
ure antigens, antibodies, proteins and glycoproteins in bio-
logical samples. ELISA was employed for determination 
of CRP in an original study (Hastuti et al. 2019). ELISA 
was advanced for detection of the monomeric conforma-
tion  (mCRP) at inflammatory loci. This method showed 
acceptable linearity and analytical properties (Zhang et al. 
2018). Serum CRP in systemic lupus erythematosus was 

Fig. 1   molecular structure of C reactive protein (Volanakis 2001)



Biomedical Microdevices (2023) 25:27	

1 3

Page 3 of 10  27

evaluated in an original work. All the analytical results were 
acceptable (Williams et al. 2005). Saliva and serum samples 
were verified for CRP using a clinically validated hsCRP 
ELISA kit. Antigen–antibody interactions are generated in 
a monolayer at the bottom of the well, allowing more anti-
body molecules to capture and detect low concentrations of 
CRP (Christodoulides et al. 2005). CRP was assayed by the 
western blot method in a study. The blots were exposed to 
films numerous times to obtain a linear response with the 
enhanced chemiluminescence technique and band density 
was assessed by densitometry (Nakakuki et al. 2005). Addi-
tionally western blot method was applied for detection of 
CRP in a research work (Li et al. 2004).

As mentioned, there are various methods for identifying 
CRP, some of which are summarized in Table 1. Examining 
the results shows that routine methods have many limitations 
and weaknesses, including low sensitivity and specificity 
and high cost, so the development of advanced methods has 
been one of the goals of researchers in recent years. One of 
the interesting methods is nanotechnology-based methods, 
especially biosensors. In the following, biosensors will be 
introduced and biosensors developed for CRP detection will 
be discussed later.

4 � Biosensors

Medical biosensors play a major and emergent role in medi-
cal diagnostics and patient monitoring (Baryeh et al. 2017). 
The use of tissues, biomolecules, and organisms has made 
biosensors exceptionally suited to numerous diagnostic and 
real-time detection trials, and the potential for high sensi-
tivity and specificity promises that this trend will continue 
(Baryeh et al. 2017; Chen et al. 2020). Biosensors suffer 
from ever-present issues of biocompatibility, particularly 
with regard to in vivo use. Researchers are rapidly progress-
ing the state-of-the-art in biofouling prevention, and have 
made dramatic advances in short-term implantable sensors 
(Chen et al. 2020). As biocompatibility is better understood 

and controlled, longer-term and more accurate in-vivo sen-
sors will become commonplace. The use of nanomaterials 
in the development of medical biosensors to improve POC 
biosensing devices is one of the major topics currently being 
researched in this field (Pérez et al. 2019). Immobilization 
of nanostructures in thin films or directly on working elec-
trodes can improve the electrical interaction between sensor 
components as well as direct electron transfer  (DET) for 
enzyme-catalyzed redox processes (Pérez et al. 2019; Turner 
et al. 1991). In addition, labeling of specific probes with 
nanomaterials has enabled lower detection limits and more 
sensitive sensors through electrical signal amplification. 
Multiple labels with different nanomaterials have also ena-
bled easy, rapid and inexpensive simultaneous detection of 
biomarkers (Vadgama 2017). This is important in diagnos-
ing multiple diseases. Furthermore, electrochemical assays 
can be multiplexed through electrode arrays independent 
of bulky components such as optics. Therefore, they are 
suitable for used as POC devices. Conventional techniques 
due to the need for very low detection limits, high sensitiv-
ity and accuracy (Vadgama 2017; Weihs et al. 2021). The  
development of biosensors has been an important activity 
over the last 50 years. About 300 scientific papers and 200 
patents were filed between 1984 and 1990. For biosensors, 
the number of patents doubled by 1997, with nanotechnol-
ogy as a reference for biosensor technology leading to his 
over 6,000 patent registrations (Parkinson and Pejcic 2005). 
Typically, biosensors are comprised of three components:  
(1) the detector, which identifies the stimulus;  (2) the trans-
ducer, which converts this stimulus to a useful output; and  
(3) the signal processing system, which involves amplifi-
cation and display of the output in an appropriate format 
(Ridker and Rane 2021; Zamani et al. 2019)  (Fig. 2).

Biosensors can be classified according to the mode of 
physicochemical transduction or the type of biorecognition 
element. Based on the transducer, biosensors can be classi-
fied as electrochemical, optical, thermal, and piezoelectric 
biosensors  (Fig. 3).

Table 1   Methods in determination of CRP

NA Not available

Methods LOD/Linearity Comments and significances Ref

ELISA NA Expected results were obtained Hastuti et al. (2019)
ELISA 1 ng/mL Therefore, this assay provides a convenient tool for examining the clini-

cal importance and utility of monomeric conformation  (mCRP) in 
plasma

Zhang et al. 2018)

ELISA  > 50 µg/ml All the analytical results were acceptable Williams et al. (2005)
ELISA 1.0 ng ml−1 All the analytical results were acceptable Christodoulides et al. (2005)
Western blot  ≥ 25 μg/mL Difficult, laborious, time consuming Nakakuki et al. (2005)
Western blot 25 μg/mL Acceptable analytical results Li et al. (2004)
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In the following, the newest biosensors developed for CR 
detection will be reviewed. Analytical features, nanocom-
posite and some other features of the structure will also be 
discussed.

5 � Biosensors for detection of  
C reactive protein

Conductive and biocompatible graphdiyne  (GDY) 
nanosheets, antifouling agents, and specific MIPs are com-
bined to construct highly sensitive protein MIP biosen-
sors for sensitive and selective detection of human CRP. 
Dopamine has been used as a functional monomer due 
to its facile polymerization process, and the low-fouling 
properties. Additionally, polydopamine have been vali-
dated, forming stable complexes with template molecules 
through hydrogen bonding and multipoint electrostatic 
attraction. With high biocompatibility and conductivity, 
GDY was independently synthesized and incorporated 
into C-reactive protein-imprinted polymers  (C-MIPs) to 
enhance electrochemical responses and make it suitable 
for bioactive protein molecules that provides a unique 
microenvironment (Cui et al. 2022). The application of 

indium tin oxide  (ITO) electrodes in the field of biosens-
ing is noteworthy for its potential for differential surface 
modification and enhancement (Azani et al. 2020; Isfahani 
et al. 2019). ITO substrates are classified by their stability 
evidenced by their low current capacity, high conductiv-
ity, electrochemical activity over a wide potential range, 
and electrochemical and physical properties. Due to the 
high adhesion between ITO and PET materials, ITO-PET 
materials are very stable and flexible (Azani et al. 2020; 
Isfahani et al. 2019). A novel silanization agent based ITO 
one-use sheets system was developed for detection of CRP 
as a potential Alzheimer's disease  (AD) blood biomarker. 
Created impedimetric nano-platform have excellent repro-
ducibility, repeatability, and reusability (Sonuç Karaboğa 
and Sezgintürk 2018).

Etching of silver-coated nanorods/nanobipyramids or 
gold nanorods/nanobipyramids to induce plasmonic changes 
represents an efficient way to extend the performance of 
ELISAs. The study proposed a multicolor ELISA that spans 
a broad linear range and a large number of color changes for 
highly sensitive and semi-quantitative naked eye detection 
(Weng et al. 2022).

An innovative platform of immunoassay for the detec-
tion of CRP has been developed using Resonant Acoustic 

Fig. 2   Biosensor structure

Fig. 3   Biosensor classification
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Profiling™  (RAP™) with comparable sensitivity to a high 
sensitivity CRP ELISA  (hsCRP) but with significant time 
efficiency  (12 m turnaround time to result). Developed 
label-free immunoassay showed acceptable sensitivity and 
linearity (McBride and Cooper 2008). Sensitive detection 
of CRP, as a biomarker for heart disease, was developed 
using a carbon nanofiber-based biosensor platform. Up and 
down aligned carbon nanofibers were grown using plasma-
enhanced chemical vapor deposition to construct nano-
electrode arrays in a 3 × 3 configuration. In this research 
electrochemical impedance spectroscopy  (EIS) and Cyclic 
voltammetry  (CV) were used for CRP detection (Gupta 
et al. 2014). In clinical practice, testing for pentameric pCRP 
is frequently used as a prognostic indicator of a patient's 
risk of emerging Cardiovascular disease  (CVD). Structural 
modifications of pCRP exhibit diverse biological activities 
in the body (Hu et al. 2006). In recent years, mCRP is con-
sidered to be a more potent inducer than pCRP, so mCRP 
determination has become a vital indicator for assessing risk 
of developing CVD. Surface plasmon resonance  (SPR) bio-
sensing technology can be used to improve detection accu-
racy and real-time response when detecting pCRP or mCRP 
(Hu et al. 2006). In a study, CRP three monoclonal antibod-
ies  (Mabs), 8D8, C8, and 9C9, are immobilized on a protein 
G layer for subsequent CRP discovery. Experimental results 
show that Mab C8 reacts with both mCRP, and pCRP, Mab 
8D8 reacts with pCRP, and Mab 9C9 reacts with mCRP (Hu 
et al. 2006)  (Fig. 4).

A highly sensitive and label-free fiber optic SPR bio-
sensor for the specific detection of CRP has been proposed 
and demonstrated. In this study, dopamine is a cross-linking 
agent for immobilizing anti-CRP monoclonal antibodies, an 
efficient and simple method to specifically modify SPR fiber 

optic sensors. By experimentally optimizing the fixation 
time of the anti-CRP monoclonal antibody and the reaction 
time of the antigen and antibody, the sensor exhibited a suf-
ficiently linear response to CRP concentration in the range 
of 0.01–20 μg/mL, demonstrating the highest CRP indicates 
sensitivity (Wang et al. 2017).

6 � Recent developed biosensors

An electrochemical aptasensor has been developed to detect 
CRP. The surface of CSPE was first modified with carbon 
nanofiber chitosan  (CNFs-CHIT) nanocomposites. An 
amino-terminal RNA aptamer probe was then attached to 
the amino group of CHIT using glutaraldehyde as a cross 
linker. As a final point, methylene blue  (MB) was self-
assembled as a redox probe on the aptasensor surface. The 
results obtained showed that the CNFs-CHIT nanocompos-
ites increased the surface coverage of aptamers by up to 5.9-
fold (Amouzadeh Tabrizi and Acedo 2022)  (Fig. 5).

Surface-enhanced Raman scattering  (SERS) can detect 
molecules even at the single-molecule scale on or near the 
surface of plasma nanostructures, greatly extending the 
scope of standard Raman spectroscopy (Kneipp et al. 1997). 
Additionally, the plasma biosensor enables user-friendly and 
rapid testing  (within 5–15 min) due to its excellent sensitiv-
ity and multiple functions. To stably and reliably use SERS 
for single-cell detection in practical applications, it is nec-
essary to control the nanostructure stability and the plasma 
effect around hotspots to limit the SERS signal fluctuations. 
To do this, we need a better understanding of the origin 
of the strongly amplified single-cell signal. As a powerful 
analytical technique, SERS technology relies heavily on 

Fig. 4   Developed immunosensor for detection of CRP monoclonal Ab, reproduced from ref (Hu et al. 2006)
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substrate materials ranging from traditional precious met-
als to semiconductor nanomaterials or novel nanocompos-
ites (Kneipp et al. 1997). SERS-based signal detection and 
molecular recognition offer unprecedented opportunities for 
research in biomedicine, life sciences, analytical chemistry, 
and other fields (Kneipp et al. 1997).

A new aptamer SERS biosensor for sensitive protein bio-
marker detection has been presented. This biosensor con-
tains a SERS tag  (reporter-labeled Au nano-bridge nano-gap 
particles, Au-NNPs) and an original magnetic capture sub-
strate  (Ag-coated Fe3O4-Au NPs, Ag-MNPs). SERS perfor-
mance of this biosensor using C-reactive protein  (CRP), a 
characteristic diagnostic biomarker. Aptamers against CRP 
were modified with both SERS tags and magnetic capture 
substrates for specific recognition by the Au-NNPs-CRP-
Ag-MNPs sandwich assay. This platform achieved sensitive 
detection of CRP with an acceptable LOD that much lower 
than known analytical methods. The method also exhibits 
excellent selectivity and specificity for CRP in the presence 
of interference from other proteins and high accuracy in 
detection of real human serum samples (Hu et al. 2021). A 
simple pyrolytic method was developed to synthesize gra-
phene quantum dots  (GQDs) with a diameter of 2.2 nm. 
Subsequently, to fabricate Au/GQDs/anti-CRP electrodes, 
GQDs were successfully electrodeposited on the surface of 
bare Au electrodes, providing a matrix platform with nano-
interfaces for effective anti-CRP immobilization. Using 
CV, we investigated the contact of anti-CRP and CRP on Fe 

(CN)6
3−/4− as mediators. Current signals recorded from dif-

ferential pulse voltammetry measurements demonstrate that 
the binding interactions between CRP and anti-CRP are effi-
ciently induced. Moreover, the performance figures of the 
developed sensor, including sensory response of less than 
50 s with high sensitivity and good LOD, indicate that it is 
a potential candidate for point-of-care testing. Additionally, 
this sensor used the prepared Au/GQDs/anti-CRP biosen-
sor to detect CRP in an artificial serum solution  (Ringer's 
lactate) (Lakshmanakumar et al. 2022). A biosensor for 
SERS consisting of multifunctional DNA three-way junc-
tions  (DNA 3WJ), porous gold nanoplates  (pAuNPs), and 
Au-Te structures have been advanced for the detection of 
CRP. pAuNP and Au-Te nanostructures were synthesized by 
galvanic exchange reaction, and morphology was confirmed 
by transmission electron microscopy, scanning electron 
microscopy, and DLS. To generate the SERS signal, Au-Te 
nanostructures were anchored to indium tin oxide substrates 
and thiol-modified CRP aptamers were self-assembled onto 
the modified substrates for CRP recognition. To amplify the 
SERS signal and identify the Raman tag, the multifunctional 
DNA 3WJ was conjugated to pAuNP and each fragment of 
3WJ was conjugated to biotin  (pAuNP binding), methylene 
blue  (Raman reporter), and CRP aptamer  (target binding) 
(Kim et al. 2022)  (Fig. 6).

An aptasensing method based on the integration of RNA 
on Cu-MOF was established for the detection of CRP. Cu-
MOF displayed mimetic peroxidase enzymatic activity and 

Fig. 5   SCPE/CNFs-based aptasensor for detection of CRP, reproduced from ref (Amouzadeh Tabrizi and Acedo 2022)
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stimulated fluorescence at the time and can be used as dual-
signal transduction. CRP-binding RNA was immobilized 
on the Cu-MOF and used as a highly selective recognition 
element. The immobilized RNA can block the fluorescence 
of the signal traducer probe and peroxidase activity. Add-
ing CRP to the RNA/Cu-MOF will release RNA from the 
surface of Cu-MOF and recover both the stimulated fluores-
cence and peroxidase activity (Ali and Omer 2022).

Forster resonance energy transfer  (FRET) based biosensors 
generally consist of two fluorescent probes  (donor and accep-
tor) fused to a central metabolite-binding protein  (BP) (Liu 
et al. 2020). Under optimal conditions, FRET occurs between 
the two probes upon excitation of the donor, and energy is 
also transferred to the acceptor. As a result, both fluorescent 
probes exhibit different fluorescence intensities depending on 
the FRET effect (Liu et al. 2020; Yamao et al. 2016)  (Fig. 7).

Fig. 6   SERS-based biosensor for detection of CRP, with permission from ref (Kim et al. 2022)

Fig. 7   Schematic of the structure of the intramolecular FRET biosen-
sor, which consists of the studied protein  (sensor domain) fused with 
a ligand domain, which is sandwiched by the donor and acceptor fluo-

rophores, e.g., cyan fluorescent protein  (CFP) and yellow fluorescent 
protein  (YFP), reproduced from ref (Yamao et al. 2016)
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A novel f luorescent aptasensor based on aptam-
ers modified by both gold nanoparticles  (AuNPs) and 
nitrogen-doped graphene quantum dots  (N-GQDs) for 
the detection of C-reactive protein  (CRP). The FRET 
effect is employed in our aptasensor by the change of 
aptamers conformation when binding with the target. 
A noticeable fluorescence quench of the N-GQDs can 

be detected when CRP appears in the assay due to elec-
tron transfer between the donor and accepter (Chen et al. 
2022)  (Fig. 8, Table 2).

Novel label-free biosensing system based on responsive 
hydrogels surface relief gratings developed for the determi-
nation of CRP at clinical concentration range achieved using 
a home-based measurement system. The developed method 

Fig. 8   Schematic of the structure of the intramolecular FRET biosensor (Chen et al. 2022)

Table 2   C-reactive protein biosensors

CPTMS, 3-cyanopropyltrimethoxysilane, RAP™ Resonant Acoustic Profiling™, SAMs self-assembled monolayers, MIPs molecularly imprinted 
polymers, Au NBP@Ag Au nanobipyramid, GQDs quantum dots

Technique Biosensors types Nanomaterial Matrix Linear range LOD Ref

MIPs C-MIPs GDY Blood 10−5 to 103 ng/mL 0.41 × 10 − 5 ng/mL Cui et al. (2022)
CV, SWV SAM CPTMS Human serum 3.25–208 fg mL−1 3.25 fg mL − 1 Sonuç Karaboğa and 

Sezgintürk (2018)
plasmonic ELISA NA Au NBP@Ag Human serum 0.09 ng/mL to 

25 ng/mL
0.78 ng/mL Weng et al. (2022)

RAP™ Sandwich 
immunoassay

NA Human serum 0 to 231 ng/mL 20 ng/mL McBride and Cooper 
(2008)

EIS, CV Immunosensor Carbon nanofibers Human serum 11 ng/ml  ~ 11 ng/ml Gupta et al. (2014)
EIS, CV Immunosensor, SPR AuNPs Human serum 26 µg/ml to 1 µg/ml 0.226 µM Hu et al. (2006)
UV – Vis 

absorbance spectra
Immunosensor, SPR AuNPs Human serum 1.17 nm per lg  (μg/

ml)
1.17 nm per lg  (μg/

ml)
Wang et al. (2017)

CV, SWV Aptasensor CNFs-CHIT Human serum 1.0–150.0 pM 0.37 pM Amouzadeh Tabrizi 
and Acedo (2022)

UV – Vis 
absorbance spectra

Optical, SERS Ag-coated 
Fe3O4-Au NPs, 
Ag MNPs

Human serum 10 fM-10 nM 10 fM Hu et al. (2021)

EC/optical Immunosensor Au/GQDs/anti-CRP Human serum _ 0.104 ng mL−1 Lakshmanakumar 
et al. (2022)

UV – Vis 
absorbance spectra

Aptasensor, SERS pAuNPs Human serum 100 nM to 1 pM 2.23 pM Kim et al. (2022)

UV – Vis 
absorbance spectra

Aptasensing Cu-MOF Clinical 0.1 to 50 ng mL −1 1 μg/mL Ali and Omer 2022)

FRET Aptasensing N-GQDs/AuNPs Human serum _ 0.2 ng/mL Chen et al. (2022)
UV – Vis 

absorbance spectra
Aptasensing AuNPs Human serum 1.07 and 

8.92 mg L−1
0.30 mg L−1 Lucío et al. (2021)
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was successfully applied to determine CRP in certified human 
serum samples sensitively and specifically (Lucío et al. 2021).

7 � Conclusion

Fast, sensitive, and specific diagnostic assays play an important 
role in measuring CRP and assessing the efficacy of cardio-
vascular treatments. To achieve these goals, many efforts have 
been made to develop biosensors based on specific interac-
tions between bioreceptors and analytes. Several studies have 
been performed to detect CRP based on DNA hybridization or 
CRP-associated proteins. However, few reports on the detec-
tion of CRP are available in the literature. In fact, a number of 
indirect methods have been developed for early detection of 
CRP. Interest in nanotechnology has revealed new opportuni-
ties in the development of these biosensor assays. The high 
surface-to-volume ratio and electrical and optical properties 
of nanostructures enhance the sensitivity of biosensors. Car-
bon nanostructures, quantum dots, nanoclusters, and metal and 
metal oxide nanoparticles are just a few of the known materials 
that have emerged as canhisates for the development of highly 
sensitive CRP biosensors. Intelligent use of such nano-objects 
has led to significant performance gains with increased sen-
sitivity and several orders of magnitude lower detection lim-
its. Despite significant advances in CRP biosensing in recent 
years, POC is affordable, robust, easy to use, portable, and 
has sufficient quantitative accuracy to enable clinical decision-
making, there is a great need to progress biosensors technol-
ogy. Furthermore, the development of biosensors that allows 
simultaneous detection of cardiovascular biomarkers could 
achieve higher detection sensitivity. In summary, biosensors 
technology has become popular in CRP determination due 
to their low cost, non-destructive measurement, high perfor-
mance features such as fast response, and simple operation. 
Extensive research on membrane development is crucial in 
order to improve the sensor performance in terms of sensitiv-
ity and selectivity.
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