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Abstract: Neonatal sepsis is a serious and potentially life-threatening condition and a major cause of 

higher mortality and morbidity in the infant population. At present, the available for neonatal sepsis 

detection is conventional microbial testing. However, this method has various constraints, including 

being expensive, requiring qualified individuals, large sample volume needed for testing, and time-

consuming process. The emergence of biosensors facilitates advantages over these constraints. The 

presented work describes the development of an electrochemical biosensor detecting C-reactive protein, 

a biomarker for neonatal sepsis, utilizing molecularly imprinted polymer fabricated on an electrode 

surface. Gold-platinum bimetallic nanomaterials were coated on the screen-printed carbon electrode to 

enhance the sensor's surface area and catalytic property. The C-reactive protein imprinted polymer was 

then deposited on the surface of the electrode. Further, the electrochemical technique was applied to 

measure the response of the developed electrode. It was observed that the sensing matrix was able to 

detect C-reactive protein and can be operated in a wide detection range and exhibits a lower detection 

limit as 0.1 nM with higher sensitivity (0.14 μA/nM). The developed sensing platform can provide a 

user-friendly approach and rapid detection results.  
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1. Introduction 

Over the last decade, neonatal sepsis has been considered a prime cause of increased 

mortality and morbidity in the  Intensive Care Units (ICU) for neonates [1-5]. About 15 % of 

neonates suffer from sepsis either in their early or late stages (Figure 1). The pathogens causing 

sepsis are Klebsiella spp., Group B streptococcus (GBS),  non-typhoidal Escherichia coli (E. 

coli), Salmonella bacteria, Listeria monocytogenes, Staphylococcus aureus (S. aureus), and 

Haemophilus influenzae. Neonatal sepsis can be manifested into two categories. Firstly, Early-

onset neonatal sepsis occurs within 7 days of life, and then late-onset neonatal sepsis is 

developed within 90 days of life.  About 1-2/1000 neonate lives are affected by EOS. On the 

other side, LOS refers to the disorders within 90 days after birth, and about 6/1000 lives are 

affected by LOS. The reported studies show that a higher infection rate is observed in Very-
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low-birth-weight (VLBW) infants that is about 20 per 1000 lives for EOS, and for LOS it is 

200 per 1000 lives [5-9]. It is quite difficult to diagnose neonatal sepsis early during routine 

clinical practices because its symptoms are similar to non-infectious disorders. Introducing 

accurate diagnostic testing may help record true sepsis cases and eliminate unnecessary use of 

antibiotics on neonates. 

 
Figure 1. The pie chart explains statistical data for inflammation caused during the neonatal stage. 

Presently, the microbial testing-based conventional method is used for sepsis detection. 

The presence of a pathogen is detected by providing similar growing conditions. The bacterial 

testing possesses specific limitations, such as producing false-negative results. The false-

negative results are produced in cases where the maternal body is injected with antibodies. 

Besides, the method does not produce rapid results and takes 2-3 days for testing while making 

the delay causing worsen effects in serious cases. Therefore, the neonates are treated with 

antibiotics without the outcome of diagnostic results, and this may lead to the emergence of 

multiple drug-resistant bacteria in the ICU for neonates [10,11]. Thus, there is a need to develop 

an effective diagnostic test to avoid unnecessary empirical treatment [12]. 

Biomarkers can play a vital role in the early detection of sepsis by differentiating them 

from non-infectious disorders. Several biomarkers have been reported in the studies showing 

elevation in their level during inflammation, such as Tumor necrosis factor-alpha (TNF-α), 

Fibronectin, Haptoglobulin, Procalcitonin (PCT), Neopterin,  Lipopolysaccharide binding 

(LPB), C-reactive protein (CRP), IFN-γ-induced protein 10, Interleukin-1β (IL-1β), 

Interleukine-8 (IL-8), CD11b, CD64 (Glycoprotein), sTREM-1, Serum amyloid A (SAA), and 

Interleukine-6 (IL-6) [13-15]. CRP is considered an acute-phase protein produced by the liver 

during inflammation in several medical conditions [16,17], which is limited to pathogenic 

infection. However, it was also reported in maternal fever or fetal distress. The low specificity 

of CRP is accepted. Therefore, a test in combination with CRP and other biomarkers such as 

SAA and PCT can better diagnose neonatal sepsis [18,19]. The range of CRP is classified into 

three categories based on the risk of sepsis for children. At a lower risk level, the concentration 

is ≤ 10 mg/L. Once the risk level is intermediate, the concentration is within a range of 11-100 

mg/L, and at a higher risk level, the CRP concentration is >100 mg/L [20]. The healthy adults 
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have a lower CRP level than 0.3 mg/dL, and in older people, it is found to be 0.2-3.0 mg/L 

[21]. 

Various studies have been reported for CRP detection through electrochemical sensing. 

A platform that was developed consisted of nano-hybrid material gold nanoparticles (Au NPs) 

and molybdenum disulfide (MoS2). The MoS2 was functionalized with ionic liquid, and the 

primary anti-CRP was immobilized on the surface of it. Furthermore, graphene oxide (GO) 

was modified with 1,5-diaminonaphthalene (DN) for loading iridium nanoparticles (Ir NPs) to 

tag the secondary anti-CRP. The platform was evaluated with CRP antigen, and the results 

were recorded using the electrochemical technique [22]. Another study describes an 

electrochemical immunosensor designed for CRP detection based on the microelectrode array 

constituted in an interdigitated wave shape format. The electrode was modified using the 

dithiobis (succinimidyl propionate) (DTSP) monolayer self-assembled on the electrode 

surface. The anti-CRP was then immobilized on the surface for CRP determination [23]. In 

another reported work, a label-free electrochemical immunoassay was assembled for CRP 

determination. The sensor combines DNA-directed immobilization (DDI) on the microwire 

sensor, and the response was recorded with electrochemical impedance spectroscopy [24]. An 

electrochemical paper-based biosensor was developed on a screen-printed electrode (SPE) that 

was coated with gold nanoparticles. This presented biosensor was employed for the label-free 

determination of CRP. The SPE was further modified with self-assembly of  poly(2-

methacryloyloxyethyl phosphorylcholine) (PMPC-SH) where the thiol groups were 

terminated, and the reaction that occurred on the surface of the electrode was recorded with 

differential pulse voltammetry (DPV) [25]. 

Bimetallic nanoparticles are the combination of two different monometallic elements. 

They attract properties of both the metal and facilitate the unique properties (photocatalytic, 

electronic, and optical) generated through their combinations. These properties are not obtained 

with monometallic nanoparticles [26]. Gold nanoparticles have been considered an ideal 

material for biosensor development based on electrochemical detection techniques. The gold 

surface is beneficial in providing a microenvironment for binding between biomolecules. These 

nanoparticles (NPs) also act as a bridge between the working electrode and redox protein that 

enhances electron transfer on the electrode surface [27-31] and provides a high surface area 

[29]. Platinum nanoparticles (Pt NPs) are popularly used for biosensor development due to 

their various beneficial properties, such as conductivity, biocompatibility, and it also exhibits 

unique electrocatalytic activity towards H2O2 [29,32]. Therefore, The surface of the Screen-

printed carbon electrode (SPCE) was modified with bimetallic gold-platinum (Au-Pt) 

Nanomaterials (NMs) to provide the synergistic effect for enhancing the surface area and 

catalytic properties of the biosensor. The nanomaterials provide a higher surface-to-volume 

ratio and promote reducing the erosion or clogging on the surface of the electrode, thereby 

improving the thermodynamic properties of the developed system. In addition, the mass 

transport on the surface of molecularly imprinted polymer (MIP) modified electrode and 

binding affinity at the sites was enhanced [33-40]. 

Molecular imprinting is a self-assembled polymer matrix-based approach to create 3-

Dimensional (3-D) imprinting structures for a specific target molecule [41-49]. The MIPs have 

various advantages over other sensing platforms based on proteins and nucleic acids. The 

important benefit of MIPs is they provide high selectivity and affinity for the template or target 

biomolecule. In addition, they are resistant at higher pressure and temperature, show higher 

strength, physical robustness, and inertness to organic solvents, bases, acids, and metal ions. 
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Moreover, low cost is required to synthesize MIPs, and their storage life is very long when 

stored carefully at room temperature [50]. Hence, the electrode was modified with MIPs 

prepared for CRP for the detection of neonatal sepsis. Further, the biosensor was evaluated 

with electrochemical techniques for voltammetric and impedimetric measurements. The 

fabricated biosensor operates in a wide detection range, with higher sensitivity and lower 

detection limit.  

In this presented work, an electrochemical biosensor based on molecular imprinting 

was fabricated to identify a CRP biomarker. The biosensor development helps to overcome the 

limitations of traditional methods such as they are user-friendly, cost-effective, provide rapid 

response, can be developed into a point of care device, less sample volume is required, which 

is an especially important factor that is needed to be considered in the case of neonates. 

2. Materials and Methods 

2.1.  Reagents and equipments. 

C-reactive protein (purified from Human Serum, CAS no: CAS 9007-41-4) was 

obtained from Sigma Aldrich, U.S.A., Chloroauric acid (HAuCl4•4H2O), Chloroplatinic acid 

(H2PtCl6•6H2O), Methyl methacrylate (MMA), Acetonitrile (ACN), Azobisisobutyronitrile 

(AIBN), Ethylene glycol dimethacrylate (EGDMA), Trisodium citrate was procured from 

Sisco Research Laboratories Pvt. Ltd., India. A screen-printed carbon electrode of dimension 

8x10 (Working electrode (WE) with geometric area 7.07 mm²) was purchased from PalmSens 

Compact Electrochemical Interfaces. Distilled water (DW) was used for sample preparations. 

Scanning electron microscopy (SEM) was performed to study the surface modification 

of the electrode. The elemental composition of the modified electrode was then determined 

with Energy-dispersive X-ray (EDX) spectroscopy. Besides, the surface morphology was 

examined with Atomic force microscopy (AFM), and X-ray diffraction (XRD) that were 

accomplished at Amity University, Noida, U.P. The pore size distribution of the imprinted 

polymer was studied by Brunauer-Emmett-Teller (BET). Electrochemical measurements were 

performed on Biologics potentiostat (specification: SP-150, EC-Lab software). This system 

combines 3 electrodes in an electrochemical cell consisting of an auxiliary, reference, and a 

working electrode. For completion of circuit and charge flow, all electrodes must be immersed 

into a mediator solution.  

2.2. Synthesis of Au-Pt bimetallic nanocomposite. 

The bimetallic Au-Pt nanomaterials were prepared in a 1:1 ratio. To prepare a 100 mL 

solution, 88 mL of DW was taken, and a 3.5 mL (0.01 M) mixture of H2PtCl6•6H2O and 

HAuCl4•4H2O was dissolved. The prepared mixture was heated at 100 °C with steady stirring. 

A preheated solution of trisodium citrate (5 mL of 1 %) was immediately added to the boiling 

mixture. The color of the solution changes from yellowish to light purple. The solution was 

then allowed to boil for half an hour or until the color changed to dark purple [26,37,38]. 

2.3. Synthesis of molecularly imprinted polymer. 

The MIP for C-reactive protein was synthesized using the bulk polymerization 

procedure. The synthesized process was carried with CRP (template), MMA (monomer), and 

EGDMA (crosslinker) in a specific ratio were added to 20 mL of ACN solution and was 
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sonicated for 45 min. and thereby treating the mixture with nitrogen (10 min.). While 

maintaining the inert conditions, the initiator (AIBN) was added to the solution at 35  °C and 

was further kept for polymerization in an oil bath for 48 hours; Scheme 1 shows the graphical 

illustration of steps involved in MIP synthesis. The white powder was obtained and washed 

with a solution of methanol and acetic acid in a ratio of 4:1 for 24 hours, and the final washing 

of the MIP was performed with methanol. The obtained product was then dried and crushed 

into fine powder [49]. 

 
Figure 1. Schematic illustration for the synthesis of a molecularly imprinted polymer. 

 
Figure 2. Graphical representation for the fabrication of working electrode: Step-1: Modifying the working 

electrode with Au-Pt NMs, electrodeposited on screen-printed carbon electrode using chronoamperometry at -

0.2 V for 400 sec.; Step-2: Electrochemical deposition of MIPTem on Au-Pt NMs/SPCE within a potential range 

from -0.2 V to +0.6 V for 15 cycles (scan rate at 20 mV/s); Step-3: Removal of template from the electrode 

surface with a solution of methanol and acetic acid (4:1); Step-4: Electrochemical measurements for developed 

biosensor. 

https://doi.org/10.33263/BRIAC126.76977714
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC126.76977714  

 https://biointerfaceresearch.com/ 7702 

2.4. Fabrication of working SPCE 

The working electrode was immersed in a mixture of mediator solution (ferro/ferri - 0.5 

mM) containing HAuCl4 (1 mM) and H2PtCl6 (1 mM). The electrodeposition was carried out 

by chronoamperometry at -0.2 V for 400 sec. The modified electrode was then washed with 

DW and dried at room temperature [26]. 

Further, the electrode was modified by electrodepositing MIP on the surface of Au-Pt 

NMs/SPCE modified electrode through Cyclic voltammetry (CV) within a potential range from 

-0.2 V to +0.6 V for 15 cycles (scan rate at 20 mV/s) [49]. Thereafter, the modified electrode 

was washed with DW, and kept for drying at room temperature for further experimentation. 

Scheme 2 illustrates the graphical model for steps involved in electrode fabrication. 

3. Results and Discussion 

3.1. Surface morphology of the fabricated electrode. 

The modified surface morphology was studied by Atomic force microscopy (AFM) 

with a 3-D model as shown in Figure 2 (a); the AFM analysis of the working electrode was 

observed within an 8 x 8 µm area. The elemental composition of synthesized NMs was 

determined by EDX; Figure 2 (b) confirms the presence of Au-Pt nanoparticles. SEM was 

included to study surface moderation of the electrode at each modification step. Figure 3 shows 

SEM micrographs of different modification stages for the electrode. In Figure 3 (a), the 

spherical structures confirm the modification of electrodes with the Au-Pt NMs. These 

bimetallic NMs enhance the surface area and catalytic properties of the biosensor. A structured 

pattern is visible in Figure 3 (b), confirming the deposition of MIPTem. The MIP shows 

improved selectivity and adsorption efficiency for the template. Further, the MIP was washed 

by removing the template (CRP) with methanol and acetic acid mixture. The cavities obtained 

after template removal are shown in Figure 3 (c). These cavities will be used for template 

binding with MIP in further experimentation. For control experiments, preparation of Non-

imprinted polymer (NIP) was carried out by using appropriate quantities of monomer and 

crosslinker that is MMA and EGDMA, respectively, in ACN porogenic solution. The mixture 

was sonicated for 45 min. at room temperature and nitrogen, purging was carried out for 10 

min. Further, the initiator AIBN was added to the mixture under inert conditions. The prepared 

solution was kept for polymerization at 35 ̊C for 48 hours. After polymerization, the collected 

white product was dried and crushed into fine powder. Figure 3 (d) depicts the surface of NIP, 

indicating no defined pattern or structure on the electrode surface.  

 
Figure 2. (a) Atomic force microscopy 3-D graph for Au-Pt modified electrode; (b) Energy-dispersive X-Ray 

analysis for prepared Au-Pt NMs. 
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Figure 3. Scanning electron microscopy (a) Au-Pt NMs/SPCE, (b) MIPTem/Au-Pt NMs/SPCE, (c) MIP/Au-Pt 

NMs/SPCE, and (d) Non-imprinted polymer. 

 
Figure 4. (a) Pore size distribution graph for MIPTem and NIP; Adsorption and Desorption curve (b) MIP; (c) 

NIP. 
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The pore size of imprint after removing CRP (template) from imprinted polymer was 

characterized by BET. Figure 4 shows the BET analysis graph for MIP. Figure 4 (a) describes 

the curve for the pore size distribution of MIP and NIP as control. The pore size obtained for 

MIP was 9.358 m2/g and 7.146 m2/g for NIP (Table 1). Figure 4 (b) and (c) depicts the type-1 

adsorption and desorption isotherm graph for MIP and NIP as control, respectively explaining 

monolayer adsorption for the adsorbent. Due to the distortion of monolayer adsorption, no 

further adsorption was observed in the sample since the molecules were clumped with each 

other. Figure 5 describesXRD an analysis that was performed for MIPTem, MIP, and NIP 

samples. The graph shows no specific peaks within a spectrum, confirming that the synthesized 

material is amorphous. 

 
Figure 5. X-ray diffraction graph for MIPTem; MIP and NIP. 

Table 1. BET analysis for synthesized MIP and NIP. 

Polymer  Surface area (m2/g) Pore volume (cm3/g) Pore diameter (nm) 

MIP 9.358 0.032 2.56 

NIP 7.146 0.003 2.183 

3.2. Performance and Evaluation of MIP/Au-Pt NMs/SPCE electrode by electrochemical 

techniques. 

3.2.1. Cyclic voltammetry studies for the fabricated electrode. 

The stepwise modification of the electrode was studied by a CV, as shown in Figure 6. 

The CV was performed between the potential ranging from -0.5 V to +0.5 V in a ferro/ferri 

(0.5 mM) mediator solution. The lowest oxidation and reduction peaks were observed with the 

bare electrode in mediator solution as +0.012 mA and -0.011 mA, respectively. Once the 

electrode was modified with Au-Pt NMs, the maximum oxidation and reduction peaks were 

obtained due to the synergistic effect of NMs on the surface of the fabricated electrode caused 

by increasing the electron transfer rate. Further, MIPTem was electrodeposited on an electrode 

surface, showing a decline in oxidation peak. Then, MIP was washed for template removal, 

and a CV graph was obtained; the MIP showed an increase in the oxidation and reduction 

current. The peak current may be increased due to the specific capability of MIP for recognizing 

the template (CRP). The diffusion of CRP molecules occurs on the electrode surface through 

the cavities created because of template removal and undergoes a redox reaction. Further, a 

control experiment was performed with PBS to study the electrode behavior. It was observed 

that the peak current is declined in the presence of PBS. 
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Figure 6. Electrode modification. Cyclic voltammetry of Bare SPCE, Au-Pt NMs/SPCE, MIPTem/Au-Pt 

NMs/SPCE, MIP/Au-Pt NMs/SPCE, and PBS-MIP/Au-Pt NMs/SPCE, in ferro/ferri mediator solution of 0.5 

mM within potential range -0.5 V to +0.5 V at scan rate 20 mV/s. 

3.2.2. Electrochemical impedance study for MIP/Au-Pt NMs/SPCE modified electrode. 

The resistance charge transfer property of the modified electrode was measured with 

Electrochemical impedance spectroscopy (EIS). As described in Figure 7, the Nyquist plot 

shows the semi-circle depicting the Resistance charge transfer (Rct) and the linear part showing 

the diffusion process.  

 
Figure 7. Electrode modification study with electrochemical impedance spectroscopy of Bare SPCE, Au-Pt 

NMs/SPCE, MIPTem/Au-Pt NMs/SPCE, MIP/Au-Pt NMs/SPCE, and PBS-MIP/Au-Pt NMs/SPCE in ferro/ferri 

mediator solution of 0.5 mM at frequencies: Finitial-100 Khz and Ffinal-100 mhz. 

A higher Rct value was obtained with a bare electrode in mediator solution due to 

increased internal resistance of the system. Further, the Rct value was decreased with 

modification of the electrode, and the lowest Rct value was obtained with Au-Pt NMs. The 

results obtained were similar to CV observations, supporting maximum conductivity. 

3.3. Optimization studies for the MIP/Au-Pt NMs/SPCE biosensor. 

3.3.1. Catalytic performance of the modified electrode (MIP/Au-Pt NMs/SPCE). 

The electrode was evaluated with distinct CRP concentrations ranging within 0.1 nM 

to 500 nM (0.1 nM, 0.5 nM, 1 nM, 10 nM, 100 nM, 200 nM, 500 nM) by EIS in a ferro/ferri 

mediator solution of 0.5 mM. Figure 8 (a) depicts the Nyquist plot for varying CRP 

concentrations on an electrode surface. The curve shows that while decreasing the CRP 
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concentrations, Rct value of the system decreases from 4.62 to 2.31 KΩ. Thus, low resistance 

and higher electron charge are generated at lower concentrations. This clearly describes that an 

increasing concentration blocks the binding of CRP to imprinted polymer on the electrode 

surface. As shown in Figure 8 (b), a calibration graph was plotted by evaluating the Rct value 

and varying concentrations. Similarly, the sensor's Square wave voltammetry (SWV) response 

was plotted as shown in Figure 8 (c). Further, considering the peak current value and log 

concentrations, a calibration graph was drawn, as shown in Figure 8 (d). The graphs show a 

gradual reduction of peak current with the proportional increase in CRP concentration. The 

sensitivity of the fabricated biosensor was calculated as 0.14 μA/nM (with SWV response), and 

the detection limit of the biosensor was observed as 0.1 nM. The obtained results for the 

developed sensing platform are summarized in Table 2. 

 

 
Figure 8. Concentration studies: (a) Impedance study for different CRP concentrations on modified MIP/Au-Pt 

NMs/SPCE electrode (0.1 nM, 0.5 nM, 1 nM, 10 nM, 100 nM, 200 nM, and 500 nM) in ferro/ferri mediator 

solution of 0.5 mM at frequencies: Finitial-100 Khz and Ffinal-100 mhz; (b) Calibration graph with log 

concentrations versus Rct value obtained with different concentrations; (c) Square wave voltammetry with 

varying concentrations; (d) Standard calibration graph with peak current. 

Table 2. Summary of the distinct parameters observed in the present study for CRP detection. 

3.3.2. Scan rate effect on the developed biosensor. 

The kinetic effect of the reaction on the electrode surface was studied with variable scan 

rates. The study was carried out with varying scan rate values from 20 to 140 mV/s in a 

ferro/ferri (0.5 mM) mediator solution using CV, as shown in Figure 9 (a). The graph shows 

S.No. Parameter  Value 

1. Sensitivity 0.14 μA/nM 

2. Detection limit 0.1 nM 

3. Linear range 0.1 nM - 500 nM 

4. Sample volume <5 µL 

5. Regression coefficient 0.95 

6. Response time < 5 min 
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an increase in anodic and cathodic peaks with a simultaneous increase in scan rate within a 

constant potential range from -0.4 V to +0.4 V. Figure 9 (b) shows a calibration graph plotted 

for square root value of scan rate (√) versus peak current for both anodic and cathodic peak. 

 
Figure 9. Optimizing fabricated biosensor: (a) Scan rate studies for fabricated MIP/Au-Pt NMs/SPCE electrode 

with 0.1 nM CRP concentration in ferro/ferri mediator solution of 0.5 mM within a potential range from -0.4 V 

to +0.4 V at different scan rates 20 to 140 mV/s; (b) Calibration graph for peak current vs. square root of scan 

rate. 

3.3.3. pH studies for the biosensor. 

The fabricated MIP/Au-Pt NMs/SPCE electrode was optimized with varying pH 

ranging from pH 5.5 to 8.5. The study was carried out using SWV with constant CRP 

concentration (0.1 nM) in a ferro/ferri mediator solution (0.5 mM). A bar graph was plotted for 

peak current versus varying pH values, as shown in Figure 10. The peak current was increased 

from pH 5.5 to 6.5 and gradually decreased afterward. The initial increment of an anodic peak 

can be justified by the hydrogen bond formation between -NH2 group of MMA and the H-H 

group of CRP. Whereas deprotonation occurred with a further increase in the pH; hence, 

hydrogen bonding between the groups weakened, and the current peak is decreased [51]. 

 
Figure 10. Effect of pH on the MIP/Au-Pt NMs/SPCE modified electrode with different pH values 5.5, 6.0, 6.5, 

7.0, 7.5, 8.0 and 8.5 pH at -0.5 V. 

3.3.4. Temperature optimization for the MIP/Au-Pt NMs/SPCE biosensor 

In order to identify the optimum temperature for the biosensor, the performance of the 

electrode was evaluated at distinct temperatures ranging from 10 to 70 °C with an interval of 
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10 °C. Figure 11 shows the bar graph of evaluated temperatures for modified electrodes dipped 

in a ferro/ferri mediator solution (0.5 mM). The current response was gradually increased for 

temperature from 10 to 30 °C and thereby decreased. Therefore 30 °C was selected as an 

optimum temperature for further experimentations. Further, the response time for the electrode 

was observed as less than 5 min. 

 
Figure 11. Result of temperature variation on the MIP/Au-Pt NMs/SPCE modified electrode within a range 

from 10 to 70 ̊C with an interval of 10 ̊C at -0.5 V. 

3.4. Interference studies. 

Interference study for the developed electrode was carried out with glucose (C6H12O6), 

uric acid (C5H4N4O3), acetylcholine (Ach), cholesterol (C27H46O), ascorbic acid (C6H8O6), 

SAA, TNF-α, PCT at a concentration of 0.1 nM. Figure 12 shows the graph for the activity of 

the developed biosensor (%) with different compounds. The variation in the current (loss in 

biosensor activity) with other antigens was below 15% when comparing it with the response 

obtained with CRP. The results show that the biosensor retains higher selectivity.  

Electrochemical characteristics of biosensors are outlined in Table 3, indicating a 

comparison of previously reported sensors with present work. The proposed biosensor exhibits 

a wide detection range and low detection time. The sensor possesses excellent properties such 

as high sensitivity and specificity, rapid result production, small size, and no proficient 

professional is required for operation. Hence it can be developed into a portable device. 

 
Figure 12. Interference study on developed MIP/Au-Pt NMs/SPCE modified electrode with different 

compounds (glucose, uric acid, ascorbic acid, acetylcholine, cholesterol, SAA, TNF-α, and PCT) in ferro/ferri 

mediator solution of 0.5 mM. 
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Table 3. Comparison of electrochemical parameters of reported and developed biosensors for CRP detection. 

GQD: Graphene quantum dots; CRP: C-reactive protein; EDOT: 3,4-Ethylenedioxythiophene; SAM: Self-

assembled monolayer; Au NPs: Gold nanoparticles; MIP: Molecularly imprinted polymer; NMs: Nanomaterials; 

Au-Pt: Gold-platinum; SPCE: Screen-printed carbon electrode; NR-Not reported 

3.5. Stability and repeatability of the developed biosensor 

The stability of the electrode was checked while storing it in a dry condition at 4 °C. 

The electrode was continuously monitored every seventh day up to 3 months (Figure S1 of 

supplementary file). The activity of the electrode was reduced up to 70% after 6 weeks. To 

check the reproducibility of the fabricated biosensor, five identical electrodes were prepared 

under similar conditions (Figure 13). The obtained results showed a minimal current difference 

for each electrode. The RSD (%) value of 0.09% was calculated for the average current 

obtained with similar electrodes.  

 
Figure 13. The reproducibility for MIP/Au-Pt NMs/SPCE modified electrode was observed with five identically 

prepared electrodes. 

4. Conclusions 

Recently, the studies recommended the CRP biomarker can benefit the precocious 

detection of neonatal sepsis. It is a prognostic marker and is widely used in diagnosis. It has 

already been reported that CRP level may include accompaniment in risk factors and clinical 

signs during neonatal sepsis detection. In the previous reports, CRP has been considered an 

important biomarker for diagnosing neonatal sepsis in the early stages. It starts rising within 4 

to 6 hours after inflammation, and the peak value can be obtained between 24 and 48 hours of 

onset. It has high sensitivity and specificity as compared with other neonatal sepsis biomarkers. 

Hence, in this presented work, CRP was considered to develop the sensing platform that can 

be used for neonatal sepsis detection. 

A biosensing platform for the detection of C-reactive protein was fabricated on SPCE. 

The electrode was coated with bimetallic nanomaterials (Au-Pt) to increase its conductivity. 

S.No. Platform/electrode 

substrate 

Limit of 

detection 

Detection range Response 

time 

References 

1. Polycrystalline gold 

electrode 

176 pM 0.5-50 nM 10-15 min.  [17] 

2. GQD-based CRP biosensor 176 pM 0.5-70 nM NR  [52] 

3. Poly(EDOT-co-EDOTPC) 37 nM 10-160 nM NR [53] 

4. SAM/Au NPs/SPCE 0.15 nM 0.4-200 nM 30 min. [54] 

5. MIP/Au-Pt NMs/SPCE 0.1 nM 0.1 nM-500 nM < 5 min. Present work 
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Furthermore, the electrode was improved with electrodeposition of MIP prepared for CRP. The 

coating of MIP on sensing platforms triggers higher selectivity and sensitivity. The template 

was removed from MIP, on the electrode surface to obtain cavities for the CRP molecule, and 

its electrochemical response was observed. The fabricated biosensor exhibits a lower detection 

limit of 0.1 nM and a wide detection range from 0.1 nM to 500 nM. The sensitivity of the 

sensor was calculated as 0.14 μA/nM. The sensing platform provides fast response, operates in 

a broad concentration range, and exhibits a lower detection limit, so this can be advanced into 

a point of care device. 
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Supplementary material 

 

Figure S1. Stability of the developed biosensor for 3 months evaluated at every 7th day. 
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