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A B S T R A C T   

Neonatal septicemia is a bacterial infection in newborns. It is caused by bacteria including Escherichia coli and 
Group B Streptococcus (GBS). Neonatal septicemia is divided into early-onset and late-onset sepsis. The diagnosis 
of neonatal septicemia is a challenging task because of the presence of nonspecific symptoms. Biomarkers such as 
C-reactive protein (CRP), procalcitonin (PCT), and serum amyloid A (SAA) can help in the detection of sepsis at 
early stages. The level of biomarkers is elevated once sepsis occurs in the body. This study presents the devel
opment of an electrochemical biosensor based on nanomaterials integrated molecularly imprinted polymer 
technique. To obtain the synergistic effect and high conductivity, multi-walled carbon nanotubes (MWCNTs), 
manganese oxide nanospheres (MnO2NSs), and cobalt oxide nanoparticles (Co3O4NPs) were coated over the 
screen-printed electrode (SPE). A further modification was done by polymerizing molecularly imprinted polymer 
(MIP) specifically synthesized for SAA onto modified SPE. The performance of the designed platform was 
evaluated through electrochemical techniques. The operating range of the developed sensor was found to be 0.01 
pM to 1 μM and 0.01 pM as the lower detection limit.   

1. Introduction 

Neonatal septicemia (NS) is a bloodstream infection. It is the leading 
cause of high mortality and morbidity in newborns worldwide. 
Approximately 3 to 40 per 1000 lives are affected by NS condition and 
the mortality rate of affected newborns varies from 9% to 20% [1]. The 
reported data indicates that approximately 30–50% of neonates deaths 
occur each year as a result of NS [2,3]. NS is considered as a clinical 
syndrome that occurs in the first 90 days of life. It is caused by bacteria 
in bloodstreams such as Group B Streptococcus (GBS), Klebsiella spp., 
non-typhoid Salmonella, and Escherichia coli (E. coli) [2,4,5]. Depending 
upon the time of onset, NS is classified into two categories: early-onset 
sepsis (EOS) and late-onset sepsis (LOS). The symptoms and signs of 

sepsis are not specific, which poses challenges in its early detection. The 
treatment is delayed due to their non-specific symptoms of septicemia 
causing serious problems including organ failure and death. Septicemia 
can be diagnosed with microbial analysis and biomarker screening. The 
microbial analysis method requires 2–5 days to analyze blood samples 
from neonates. Whereas, if the pathogens are very sensitive, slow- 
growing, or if antibiotic treatment is provided, the sensitivity of the 
test is reduced. In certain cases, septicemia could not be diagnosed by 
microbial tests. Therefore, it is recommended to perform a biomolecule 
screening test (such as C-reactive protein (CRP), complete blood count 
(CBC), procalcitonin (PCT), differential leukocyte counts, serum amy
loid A (SAA), and neutrophil counts) [2,3,6]. The detection of these 
biomarkers can also be obtained with an enzyme-linked immunosorbent 
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assay (ELISA). This method also has certain limitations like time con
sumption, requires trained users, producing false-negative and positive 
results, require large sample volume, antibody instability, and is 
expensive [11–14]. These limitations can be overcome by developing an 
electrochemical biosensor. 

SAA is an acute-phase reagent like CRP and PCT. SAA levels have 
been reported to change during inflammation [7]. It consists of a poly
morphic apo-lipoprotein having a molecular weight of approximately 
12 kDa. The synthesis of SAA in the body is carried out in the liver. The 
available data show that during infection increase in the level of SAA is 
occurred indicating SAA is an acute phase reactant for the detection. The 
analysis of SAA level also helps to detect cardiac, viral, and traumatic 
conditions. The level of SAA is dependent upon the age factor. The 
minimum concentration of SAA is recorded in umbilical cord blood, 
whereas higher concentrations of SAA are found in grown-up persons. 
Because of the dynamic elevation in the level of SAA during inflam
mation, it can play a leading role in the diagnosis of EOS comparing to 
the CRP. The level of SAA is firstly increased in the body of infected 
newborns and subsequently decreases [8–10]. 

In this study, an electrochemical biosensing platform was fabricated 
for determining SAA concentration in blood samples from newborns. 
The electrode was embedded with nanomaterials multi-wall carbon 
nanotubes (MWCNTs), manganese dioxide nanospheres (MnO2NSs), 
cobalt oxide nanoparticles (Co3O4NPs) to improve the significant pa
rameters including conductivity, rapid results, sensitivity, specificity, 
and repeatability of the developed biosensor. The surface of the screen- 
printed electrode was altered with MWCNTs. MWCNTs show dual 
properties such as providing higher electronic conductivity and 
immense support for the biological compounds. In addition, once inte
grated with MnO2NSs, a higher surface-to-volume ratio is achieved. 
MnO2NSs exhibit excellent chemical and physical properties such as 
good permeability, higher energy density, and catalytic ability [15–18]. 
Furthermore, the electrode was modified using Co3O4NPs. The 
Co3O4NPs have wide applications in energy storage systems [19], 
electrochromic and heterogeneous catalysts resulting in an improved 
optical, electrocatalytic, magnetic, and semiconducting properties. 
Additionally, they exhibit large surface area, excellent conductivity, and 
reversibility during the charging and discharging process. These NPs 
contribute to the fast and easy transfer of electrons resulting in good 
reversibility of the system [20–23]. The synergic effect of Co3O4NPs/ 
MnO2NSs/MWCNTs can facilitate the large surface area on the elec
trode, higher conductivity, and catalytic properties of the developed 
biosensor. 

Molecular imprinting is a template-based technique, where specific 
recognition sites can be developed for biomolecules such as proteins, 
antibodies, amino acids, and enzymes [24]. For preparing molecularly 
imprinted polymer (MIP), a composition of template, monomer, and 
crosslinker is prepared in the porogen solvent. Thereafter, the specific 
cavities for the template are created by the polymerization of the 
monomer around a template. Further, the template molecule is removed 
from this polymer structure and binding sites complementary to the 
template (orientation, structure, and size) are obtained. The specific 
cavities obtained after the removal of the template serve as a functional 
recognition site for SAA binding [25]. 

The MIPs have high sensitivity, selectivity, stability and require low 
cost for the synthesis process [26,27]. These properties of MIP enable 
their use in the development of an electrochemical biosensing platform 
in diverse fields such as environmental science, pharmaceutical, 
forensic, and life sciences [28–31]. Only limited studies have been re
ported for the development of an electrochemical biosensor for SAA. 
Therefore, developing a MIP-based sensing platform can advance in the 
early, rapid, and significant detection of SAA levels during inflammation 
[25]. 

2. Experimental measurements 

2.1. Chemicals and apparatus 

Multi-walled carbon nanotubes, manganese sulfate monohydrate 
(MnSO4.H2O), sulfuric acid (H2SO4), ethylene glycol dimethacrylate 
(EGDMA), cobalt(II) acetate tetrahydrate (Co(CH3COO)2⋅4H2O), 
ammonia solution, methanol, acetic acid, azobisisobutyronitrile (AIBN, 
98%), methyl methacrylate (MMA), potassium permanganate (KMnO4), 
acetonitrile (ACN), were purchased from Sisco Research Laboratories 
Pvt. Ltd. (SRL), India. Serum amyloid A was obtained from the US-based 
company Sigma-Aldrich. The biosensor was developed on the surface of 
a screen-printed electrode (SPE) (dimension 8 × 10 and geometric area 
7.07 mm2). These electrodes were acquired from a Netherland-based 
company PalmSens Compact Electrochemical Interfaces. Distilled 
water (DW) was used in the preparation of the solution during the 
experiments. 

The modified surface of the electrode was determined with scanning 
electron microscopy (SEM), and X-Ray diffraction (XRD). The electro
chemical studies were then carried out using Biologics potentiostat 
(specification: SP-150, EC-Lab software). The electrochemical cell is a 
system composed of three electrodes (working, referential and auxil
iary). The flow of electrons in the electrochemical system takes place in 
the presence of an electron mediator. 

2.2. Synthesis of MnO2 hollow nanospheres 

The synthesis of hollow MnO2NSs was performed as reported earlier 
[32]. A mixture of MnSO4.H2O (8.50 g) and KMnO4 (3.43 g) powder was 
prepared, and grind into fine particles in a ratio of 4:3 M concentrations 
at room temperature. Subsequently, the prepared mixture was dissolved 
in 200 mL of DW with continuous stirring. For removing potassium 
anions and catalyzing the experiment, 100 mL of H2SO4 solution was 
added to the mixture with vigorous stirring (30 min.). To accelerate the 
crystallization process, the solution was placed in a water bath at 60 ̊C 
for 30 min. The product was filtered and washed by using DW (3 times). 
The last washing was performed with ethanol to remove unbound re
agents. The black color product was obtained and then dried overnight 
at 70 ̊ C in a vacuum oven [32]. The following equation describes a 
chemical reaction for the synthesis of MnO2NSs. 

3Mn2+ (aq.) + 2MnO4
− (aq) + 2H2O (L)→5MnO2 (s) + 4H+ (aq.)

2.3. Preparation of cobalt oxide nanoparticles 

The preparation of Co3O4NPs was carried out by the decomposition 
method [33]. A solution was prepared in 25 mL of DW containing 0.50 g 
of Co(CH3COO)2⋅4H2O (0.50 g), then 25 mL of ammonia (25%) was 
dropwise added under vigorous stirring into the mixture. The mixture 
was kept for stirring for 10 min. (at room temperature) to form a ho
mogeneous fuscous slurry. The prepared mixture was autoclaved at 150 
◦C for 3 h. The resulting black solid product was washed with DW 3 
times and dried at 60 ◦C for 4 h [33]. 

2.4. Synthesis of molecularly imprinted polymer for SAA 

The MIP for SAA was synthesized using a precipitation polymeriza
tion process. The SAA (template), EGDMA (crosslinker), MMA (mono
mer) were added to a specific ratio (1:4:4) in a 20 mL of porogen (ACN). 
Then, the mixture was sonicated for 45 min at room temperature, and 
treated with nitrogen gas for 10 min. A 100 mg AIBN (initiator) was 
added to the mixture to initiate the polymerization process. The mixture 
was sealed under inert conditions and kept for polymerization at 35 ̊ C for 
48 h in a water bath. The synthesized polymer was washed with a so
lution of methanol and acetic acid (ratio 4:1) for 24 h. The final washing 
of the product was carried out with methanol to remove chemical 
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residues. The obtained polymer was dried and crushed into a fine 
powder (Scheme 1). 

2.5. Assembling of working SPE 

2.5.1. Electrodeposition of MWCNTs on SPE 
A solution of 10 mg MWCNTs was prepared in a 1 mL mixture of 

H2SO4 and HNO3 (ratio 3:1). The solution was then sonicated for 30 min. 
Thereafter, a 100 μL solution was used for electrodeposition by cyclic 
voltammetry (CV) on the surface of the working electrode. The potential 
was applied from − 1.0 to +1.0 V for 20 CV cycles (scan rate 50 mV/s) in 
a mediator solution of 0.5 mM (Ferri-Ferro) [34]. 

2.5.2. Modification of MWCNTs/SPE electrode with MnO2NSs 
A suspension was prepared with 10 mg of MnO2NSs in 1 mL DW. The 

mixture was sonicated for 1 h. A 100 μL of this prepared solution was 
used for electrodeposition of MnO2NSs on the surface of MWCNTs/SPE. 
Cyclic voltammetry was used for modifying the electrode with applied 
potential ranging from − 0.2 to +0.6 V for 20 CV cycles (50 mV/s scan 
rate) in the Ferri-Ferro mediator solution [15]. The modified electrode 
was dried at room temperature and used for further experimentations. 

2.5.3. Deposition of Co3O4NPs on MnO2NSs/MWCNTs/SPE 
A solution was prepared in 1 mL DW with 10 mg Co3O4NPs and kept 

on sonication for 1 h. The Co3O4NPs were deposited on modified 
MnO2NSs/MWCNTs/SPE electrode through the process of CV with po
tential ranging from − 0.2 to +0.7 V (scan rate 50 mV/s) for 10 cycles in 
a Ferri-Ferro mediator solution. 

2.5.4. Integration of MIP on modified Co3O4NPs/MnO2NSs/MWCNTs/ 
SPE electrode 

Further, the electrode was moderated with MIP deposition, on the 
surface of the modified Co3O4NPs/MnO2NSs/MWCNTs/SPE electrode. 
This modification was performed with CV by applying potential ranging 
from − 0.2 to +0.6 V for 15 cycles (scan rate of 20 mV/s). To remove the 
template from MIP, the electrode surface was further washed 3 times 
each for 15 min using a mixture of methanol and acetic acid and kept for 
drying at room temperature. The fabrication steps involved in the 
development of an electrode are step-wise illustrated in Scheme 2. 

2.5.5. Evaluation of the fabricated Co3O4NPs/MnO2NSs/MWCNTs/SPE 
electrode 

The fabricated surface of the electrode after every modification was 
studied with SEM imaging. The reaction response on the electrode sur
face was determined with electrochemical measurements (cyclic vol
tammetry, differential pulse voltammetry (DPV), and electrochemical 
impedance spectroscopy (EIS)). 

The electrode was optimized with varying pH within a range from 
5.5 to 8.5 and temperature from 10 ̊ C to 80 ̊ C. Further, the stability of the 
system was observed at different scan rates from 20 to 140 mV/s. 
Moreover, the electrode response was observed with various interfering 
factors including ascorbic acid, cholesterol, glucose, uric acid, 
acetylcholine. 

2.5.6. Examination of the developed biosensor with clinical samples 
Finally, the electrode was examined with clinical samples of neo

nates obtained from the Bio Diagnostics Lab, New Delhi, India. The 
serum samples were pre-treated for lipoprotein extraction and after
ward, the experiments were performed. 

3. Results and discussion 

3.1. Surface modification of the fabricated MIP/Co3O4NPs/MnO2NSs/ 
MWCNTs/SPE electrode 

The surface of the developed sensor was characterized with SEM at 
every modification step, as shown in Fig. 1. The rough tube structures 
were obtained by MWCNTs modification as visible in Fig. 1(a). The 
MWCNTs provide large surface area, high electrical conductivity, and 
great support for biomolecules [35]. Fig. 1(b) shows the surface of the 
electrode after MnO2NSs deposition. The unique properties of MWCNTs 
provide immense support to MnO2NSs for utilizing the optimal active 
sites on the electrode. Besides, the MnO2NSs possess high energy den
sity, catalytic ability and are low-cost. Fig. 1(c) depicts the spherical 
structure of Co3O4NPs on the surface of assembled MnO2NSs/MWCNTs/ 
SPE electrode. Further, the MIP prepared for SAA was electrodeposited 
on the electrode surface as shown in Fig. 1(d). The micrographs show a 
similar imprint of the template molecule over the surface of the elec
trode. The prepared MIP was washed to remove SAA molecules from the 
imprinted structures. After the removal of a template, the cavities were 
obtained on the surface of the working electrode as illustrated in Fig. 1 
(e). For control experiments, non-imprinted polymer (NIP) was syn
thesized. The synthesis of NIP was carried out with monomer, Scheme 1. Graphical representation of the steps involved in molecularly 

imprinted polymer (MIP) synthesis with serum amyloid A (SAA) as a template. 

Scheme 2. Schematic illustration of the developed biosensor 
Step 1: Electrodeposition of multi-walled carbon nanotubes (MWCNTs) on the 
bare screen-printed electrode (SPE). 
Step 2: Modification of MWCNTs/SPE with manganese dioxide nanospheres 
(MnO2NSs). 
Step 3: Electrodeposition of cobalt oxide nanoparticles (Co3O4NPs) on modified 
MnO2NSs/MWCNTs/SPE electrode. 
Step 4: Deposition of molecularly imprinted polymer (MIPSAA) on Co3O4NPs/ 
MnO2NSs/MWCNTs/SPE electrode. 
Step 5: Removal of template from the imprinted polymer. 
Step 6: Electrochemical measurements for the fabricated biosensor. 

S. Balayan et al.                                                                                                                                                                                                                                



International Journal of Biological Macromolecules 195 (2022) 589–597

592

crosslinker, and porogen in the absence of a template. Fig. 1(f) illustrates 
the SEM micrographs for NIP. 

Fig. 2 describes the XRD pattern for MIP, NIP, and MIPSAA. The 
diffraction peaks were obtained at 17.74, 17.86, 17.26 for MIP, NIP, and 
MIPSAA respectively. The shifting of the diffraction peak towards a lesser 
2θ value implies an increment in the interlayer spacing [36]. While the 
decreasing intensity of the diffraction peak describes monomer and 
template interaction [36]. 

3.2. Electrochemical studies for the developed biosensor 

3.2.1. Stepwise modification of the fabricated MIP/Co3O4NPs/MnO2NSs/ 
MWCNTs/SPE electrode 

The response of the electrode for each modification stage was 
recorded by CV. Fig. 3(a) shows CV curves obtained in Ferri-Ferro 
mediator (0.5 mM) solution when applying a potential from − 1.0 to 
+1.0 V. The minimum oxidation and reduction peaks were obtained 
with the bare electrode in the mediator solution. Firstly, the electrode 
surface was modified with MWCNTs to magnify the electrochemical 
activity of the sensor. The oxidation and reduction peak current, in this 
case, was increased up to +3.15 mA and − 2.98 mA respectively. Sec
ondly, the surface of the MWCNTs/SPE electrode was moderated with 
MnO2NSs to improve the catalytic activity of the biosensor. It was 
observed that the oxidation (+3.7 mA) and reduction (− 3.5 mA) peaks 
current was enhanced. Furthermore, at the third step, the electrode was 
altered with Co3O4NPs. The observed response of the electrode describes 
that the maximum oxidation and reduction peaks were obtained with 
Co3O4NPs. This is due to the synergistic effect of Co3O4NPs/MnO2NSs/ 
MWCNTs. Further, the MIPSAA was electrodeposited on the surface of the 
working electrode, and the CV response was obtained. The oxidation 
and reduction peaks decrease after the MIP deposition. The presence of 
polymer on the electrode surface restricts the flow of current therefore a 
decline in the oxidation and reduction peaks were observed. The 
deposited MIP on the electrode surface was washed 3 times. The CV 
curve obtained after template removal shows enhancement in oxidation 
and reduction peaks. 

The response of the electrode was further recorded with EIS as shown 
in Fig. 3(b). The Nyquist plot in the graph describes the diffusion process 
(linear part) and resistance charge transfer (Rct) (semi-circle) on the 
modified electrode surface. The EIS graph illustrates that the higher Rct 
value was obtained for the bare electrode, and it gradually decreases 
once the electrode was modified with MWCNTs, MnO2NSs, and 
Co3O4NPs, respectively. Further, the modification of electrode surface 
with MIPSAA provides an increased Rct value by generating a higher 
resistance. The template was then washed out from the molecularly 
imprinted polymer surface causing the Rct value to decrease on the 
electrode. 

3.2.2. Concentration study for SAA on MIP/Co3O4NPs/MnO2NSs/ 
MWCNTs/SPE electrode 

The electrode was evaluated with varying concentrations of SAA. 
The response for different concentrations was obtained with electro
chemical impedance spectroscopy and differential potential voltamme
try as presented in Fig. 4(a) and (b), respectively. The electrode was 
evaluated within a concentration range from 0.01 pM to 1 μM (0.01 pM, 
0.1 pM, 1 pM, 10 pM, 0.1 nM, 1 nM, 10 nM, 0.1 μM, 1 μM). The Nyquist 
plot in Fig. 4(a) describes the Rct value for varying concentrations. It 
was observed that with increasing concentration from 0.01 pM to 1 μM, 
the Rct value gradually increases. 

The current response of the electrode at varying concentrations was 
recorded with DPV as shown in Fig. 4(b). The obtained results describe 
that the current peak decreases with increasing concentrations. At 
higher concentrations, the active sites on the electrode surface are 
blocked causing a low current generation and higher resistance. 

3.3. Optimizing parameters for working MIP/Co3O4NPs/MnO2NSs/ 
MWCNTs/SPE electrode 

3.3.1. Evaluating the electrode on various pH values 
To obtain the optimum pH for the working electrode, it was exam

ined within a range of pH solutions from pH 5.5 to 8.5, with an interval 
of 0.5 pH units (Fig. 5(a)). The pH studies were performed in an electron 
mediator (0.5 mM) with an optimized 0.01 pM concentration of SAA. 
Fig. 5(b) depicts the bar graph for peak current values obtained from 
DPV curves. The graph represents an increase in the peak current from 

Fig. 1. Scanning electron microscopy (a) MWCNTs/SPE, (b) MnO2NSs 
/MWCNTs/SPE, (c) Co3O4NPs/MnO2NSs/MWCNTs/SPE, (d) MIPSAA/ 
Co3O4NPs/MnO2NSs/MWCNTs/SPE, and (e) MIP/Co3O4NPs/MnO2NSs/ 
MWCNTs/SPE (arrow: shows the imprints (cavities) of SAA molecule), (f) Non- 
imprinted polymer (NIP)/Co3O4NPs/MnO2NSs/MWCNTs/SPE. 

Fig. 2. X-Ray Diffraction (XRD) analysis for synthesized (i) NIP, (ii) MIPSAA, 
and (iii) MIP. 
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pH 5.5 to 6 and after pH 6, the peak current decreases continuously. The 
hydrogen bonds formed between the template and polymer cause an 
enhancement in resistance on the electrode surface and thereby decrease 
the charge flow [37]. 

3.3.2. Scan rate study for the working electrode 
The scan rate study was determined to understand steady electron- 

transfer kinetics on the surface of the assembled electrode. The scan 
rate study was carried out in an electron mediator solution (0.5 mM), 
applying a constant potential from − 0.5 to +1.0 V. Fig. 5(c) describes 
the CV curve for varying scan rates ranging from 20 to 140 mV/s with an 
interval of 20 mV/s. Once the scan rate is increased from 20 to 140 mV/ 
s, the anodic and cathodic peaks are enhanced at a constant potential. As 

shown in Fig. 5(d), a calibration curve was plotted for the anodic and 
cathodic peak versus the square root value of scan rates. 

3.3.3. Interference studies on the working electrode 
The working electrode was studied with different interfering com

pounds such as ascorbic acid (C6H8O6) (0.05 mM), cholesterol 
(C27H46O) (2.00 g/L), glucose (C6H12O6) (5 mM), uric acid (C5H4N4O3) 
(0.2 mM), and acetylcholine (Ach) (0.1 mM) in their physiological range 
[38,39]. The interference study was performed in a mediator solution 
(0.5 mM) at potential +0.2 V, containing a 0.01 pM concentration of 
SAA. The loss of biosensor activity (%) for various interfering com
pounds is presented in Fig. 5(e). The percentage loss of activity of the 
biosensor was calculated and the maximum loss of activity was obtained 

Fig. 3. Electrode modification: (a) Cyclic voltammetry (CV) was carried out in a Ferri-Ferro mediator solution of 0.5 mM for bare SPE, MWCNTs/SPE, MnO2NSs/ 
MWCNTs/SPE, Co3O4NPs/MnO2NSs/MWCNTs/SPE, MIPSAA/Co3O4NPs/MnO2NSs/MWCNTs/SPE, and MIP/Co3O4NPs/MnO2NSs/MWCNTs/SPE, within a potential 
range from − 1.0 to +1.0 V (scan rate 50 mV/s). 
(b) Electrochemical impedance spectroscopy (EIS) studies were carried out in a mediator solution at frequencies: Finitial-100 khz and Ffinal-100 mhz for bare SPE, 
MWCNTs/SPE, MnO2NSs/MWCNTs/SPE, Co3O4NPs/MnO2NSs/MWCNTs/SPE, MIPSAA/Co3O4NPs/MnO2NSs/MWCNTs/SPE, and MIP/Co3O4NPs/MnO2NSs/ 
MWCNTs/SPE. 

Fig. 4. Concentration studies: (a) Impedance and (b) Differential pulse voltammetry (DPV) studies for serum amyloid A (SAA) concentration (0.01 pM, 0.1 pM, 1 pM, 
10 pM, 0.1 nM, 1 nM, 10 nM, 0.1 μM, 1 μM) on developed MIP/Co3O4NPs/MnO2NSs/MWCNTs/SPE electrode at frequencies: Finitial-100 Khz and Ffinal-100 mhz in a 
mediator solution of Ferri-Ferro (0.5 mM). 
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Fig. 5. Optimization of the developed biosensor 
(a) Differential pulse voltammetry studies for the effect of pH values (5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5) on the developed MIP/Co3O4NPs/MnO2NSs/MWCNTs/SPE 
electrode. 
(b) The bar graph represents a plot for peak current vs pH value. 
(c) Evaluation of developed biosensor at variable scan rate from 20 to 140 mV/s at an interval of 20, in a Ferri-Ferro mediator solution of 0.5 mM and within a 
constant potential range from − 0.5 to +1.0 V. 
(d) The linear graph describes the relation for a peak current of the CV curve for scan rate and the square root of scan rate. 
(e) Interference study on the fabricated biosensor with different interferents like ascorbic acid, cholesterol, glucose, uric acid, acetylcholine (Ach) with an optimized 
SAA concentration (0.01 pM) in a 0.5 mM electron mediator solution. 
(f) Analysis of varying temperature for the developed sensor within a range from 10 to 80 ̊ C with an interval of 10 ̊ C at − 0.5 V. 
(g) Reproducibility of the data for the developed biosensor with 20 identically prepared electrodes and maintaining the same conditions. 
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with ascorbic acid (12%) and the minimum was recorded with Ach 
(5%). Whereas, cholesterol (7%), glucose (8%), and uric acid (10%) 
show their loss of activity in the range of 5% to 12%. 

3.3.4. Optimization of temperature for modified electrode 
The fabricated biosensor was evaluated with varying temperatures, 

within a range from 10 ̊C to 80 ̊C, at an interval of 10 ̊C. The study was 
performed in an electron mediator (0.5 mM) with 0.01 pM SAA con
centration. A bar graph was plotted for temperature versus current as 
presented in Fig. 5(f). The peak current increases from 10 ̊ C to 30 ̊ C and 
continuously decreases beyond 30 ̊ C. Therefore, 30 ̊ C was selected as an 
optimum temperature for the working electrode. 

3.4. Reproducibility and stability of the working electrode 

The reproducibility of the obtained data was confirmed by 20 iden
tical electrodes prepared under similar conditions. Fig. 5(g) describes 
the current obtained from 20 similarly prepared electrodes, the relative 
standard deviation (RSD) value calculated for the developed electrodes 
was 7.55%. 

The stability of the developed biosensor was evaluated for 3 months 
while the electrode response was checked every seventh day. The elec
trode was stored at 4 ̊ C in dry condition. After 6 weeks, the activity of the 
electrode was reduced to 50%. The results for the developed biosensor 
are summarized in Table 1. The developed biosensor was compared with 
reported studies as represented in Table 2. It was observed that the 
fabricated sensing platform exhibits a lower detection limit and wide 
concentration range than the reported sensors. 

3.5. Validation of developed biosensor with clinical samples 

The developed MIP/Co3O4NPs/MnO2NSs/MWCNTs/SPE electrode 
was validated with serum samples. The serum samples of neonates were 
acquired from Bio Diagnostics Lab, New Delhi, India. To separate lipo
protein from serum, the samples were pre-treated with salt solutions 
(sodium chloride and potassium bromide). Further, for 1 mL of serum 
sample, ultracentrifugation was carried out at 12 to 15 ̊C. Thereafter, a 
thin film of lipoprotein was formed on the top and beneath a clear so
lution was obtained [44,45]. Further, the results of the developed 
biosensor were compared with the standard ELISA method. Fig. 6 shows 
a correlation graph for the result obtained with the present work and 

ELISA method for SAA detection (regression coefficient = 0.988). 

4. Conclusion 

A biosensor for the detection of serum amyloid A was developed 
which was based upon the molecularly imprinted polymer technique by 
modifying the electrode surface for detecting SAA concentration. The 
electrode was modified with nanomaterials for amplifying electro
chemical properties. To increase the surface area of the fabricated 
electrode, it was modified with MWCNTs. The catalytic performance 
and conductivity of the electrode were further triggered by MnO2NSs 
and Co3O4NPs. The MIP/Co3O4NPs/MnO2NSs/MWCNTs/SPE electrode 

Fig. 5. (continued). 

Table 1 
Summary of the parameters obtained for developed electrochemical biosensor 
for SAA detection.  

S.No. Parameter Value 

1. Detection limit 0.01 pM 
2. Linear range 0.01 pM - 1 μM 
3. Sample volume <10 μL 
4. Response time < 3 min 
5. Sensitivity 0.47 μA/pM  

Table 2 
Comparison of parameters for developed MIP/Co3O4NPs/MnO2NSs/MWCNTs/ 
SPE electrode with reported studies.  

S. 
No. 

Sensing platform Limit of 
detection 

Detection 
range 

References 

1. Fe3O4@Au SERS tags-based 
LFA 

0.1 ng/mL 0.1–500 ng/ 
mL 

[40] 

2. Sandwich-type, antibody 
microarrays 

5.9 ng/mL 5.9–478 ng/ 
mL 

[41] 

3. MWCNTs/IL/Chit/GC 
electrode 

0.3 pg/mL 0.001–900 
ng/mL 

[42] 

4. Quantum dots-based 
fluorescence-linked 
immunosorbent assay 

2.39 ng/ 
mL 

10–1000 ng/ 
mL 

[43] 

5. MIP/Co3O4NPs/MnO2NSs/ 
MWCNTs/SPE 

0.12 pg/ 
mL 

0.12 pg/mL- 
12 μg/mL 

Present 
work 

Ferric oxide (Fe3O4); Gold (Au); Surface-enhanced Raman scattering (SERS); 
Lateral flow assay (LFA); Multi-walled carbon nanotubes (MWCNTs); Ionic 
liquid (IL); Chitosan (Chit); Glassy carbon (GC); Molecularly imprinted polymer 
(MIP); Cobalt oxide nanoparticles (Co3O4NPs); Manganese oxide nanospheres 
(MnO2NSs); Screen-printed electrode (SPE). 

Fig. 6. Correlation graph for values obtained with developed method versus 
standard ELISA method for SAA detection. 
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was then examined with varying concentrations of SAA. This developed 
biosensor operates in a wide concentration range from 0.01 pM to 1 μM 
and indicates a lower limit of detection as 0.01 pM. The half-life of the 
MIP/Co3O4NPs/MnO2NSs/MWCNTs/SPE electrode was 42 days. The 
modification of the electrode with nanoparticles and molecularly 
imprinted polymer facilitates improving analytical properties of the 
sensing platform such as higher sensitivity, specificity, and reproduc
ibility. This fabricated biosensor can be developed into a portable and 
point of care (POC) device for fast and early detection of neonatal sepsis. 
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