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A B S T R A C T

Septic arthritis is a joint inflammation caused by an infectious etiology, mainly bacterial but occasionally by 
viral, mycobacterial, fungal, and other pathogens. Septic arthritis is monoarticular, affecting large joints, such 
as the knees or hip, and possibly causing severe joint destruction. In order to improve treatment and speed up 
healing, it is helpful to diagnose septic arthritis early. Early identification of septic arthritis is to provide timely 
medication and increase the recovery rate. Procalcitonin (PCT) has been proven to be a reliable marker for 
septic arthritis and has demonstrated diagnostic usefulness in the identification of bacterial infections. Here, a 
PCT biosensor was developed on a silica nanoparticle (SiNP)-modified interdigitated microelectrode (IDME). 
SiNP was modified on IDME by attaching it to an amine-linker and COOH-ended aptamer through the amine. 
SiNP-modified electrode increased the aptamer immobilization and was saturated at 800 nM. On the aptamer 
immobilized surfaces, PCT was quantified at values as low as 0.1 ng/mL [y = 4.103x - 7.0337; R² = 0.9555] by 
using anti-PCT antibody as a detection probe. Furthermore, PCT-spiked serum was detected from 0.1 ng/mL 
without any interference, and the control experiments with CTxII, CRP, and complementary aptamer failed to 
change the current responses, indicating the selective and specific identification of PCT. 
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1. Introduction

Septic arthritis is an infection in the joint tissues and joint 
(synovial) fluid. It is accompanied by inflammation, which is present 
in the synovial fluid that provides joints with lubrication, as well 
as the cartilage’s surface [1]. The infection is typically bacterial, 
Staphylococcus aureus being the most common bacterial pathogen, but 
may also be viral, mycobacterial, fungal, or other unusual pathogens 
[2]. The infection normally originates from another body part due to 
an injury, surgery, or injection and then proceeds to travel through the 
bloodstream to reach the joints [3]. While it is more common for larger 
joints, such as the knees or hips, to be affected due to the monoarticular 
nature of septic arthritis, polyarticular septic arthritis may also arise 
in smaller joints, such as the ankles or shoulders. Septic arthritis is 
associated with mortality and morbidity with symptoms such as quick 
join destruction, inflammatory response, and swelling [4]. In the 
United States, there is a disease incidence of 4-60 cases per 100,000 
patients annually, which increases to 70 cases per 100,000 patients per 
year for immunocompromised patients. Mortality rates may also be 
substantial, as they range from 3-25% [5]. While the disease has severe 
characteristics, it may present a patient with symptoms that can range 
from subtle to life-threatening, which heightens the chances of patients 
missing typical symptoms or signs. There is also the issue of multiple 
other conditions possessing similar characteristics and symptoms to 

septic arthritis, creating difficulty in diagnosis [2]. Therefore, it is 
urgent to develop a biosensor for the diagnosis of early stages of septic 
arthritis.

Biosensors are analytical devices that allow the measurement of 
chemical or biological reactions through the generation of signals 
proportional to an analyte’s concentration in a reaction [6,7]. This 
property causes them to show high potential in healthcare diagnostics for 
functions such as disease-causing micro-organization detection, disease 
monitoring, and drug discovery [8]. A biosensor typically consists of 
three main components: analyte, bioreceptor, and transducer. The 
analyte is the subject of detection, the bioreceptor is a molecule made 
to recognize the analyte, and the transducer is a component that allows 
the conversion of a bio-recognition event into a signal that can be 
measured [9,10]. Bioreceptors are normally DNA molecules, aptamers, 
or enzymes, while transducers may be electrochemical, mass, or optical 
materials [10,11]. Nanomaterials, which consist of nanoparticles that 
are at least one dimension less than 100 nm, are being explored for their 
application in biosensor diagnostic devices [12]. They are specifically 
used as materials for transducers, a significant part of the development 
of biosensors [13–15]. This is due to the desirable properties of 
nanomaterials, which include their compatibility with biological 
molecules, ability to amplify signals, nanoscale size, and high electrical 
conductivity [16]. It has also been discovered that the incorporation of 
nanomaterials opens the possibility of improved biosensor performance 
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due to the lower limit of detection of multiple orders of magnitudes as 
well as the improved sensitivities [17,18]. This is due to nanomaterials 
providing a platform for customization and manipulation, in which 
researchers are allowed to tune properties to the smallest detail for the 
purpose of matching diverse biosensing application requirements [19]. 
This, thus, allows biosensors to possess greater selectivity, performance, 
and sensitivity.

These nanomaterial-based biosensors may be applied for septic 
arthritis diagnosis. Currently, septic arthritis is diagnosed through 
radiological and clinical tests, including Magnetic resonance imaging 
(MRI), computerized tomography (CT), and X-ray [20]. The analysis 
of aspirated synovial fluid and serum inflammatory markers is 
necessary for diagnosis confirmation. The process takes time, and 
the amalgamation of clinical techniques and features does not allow 
accurate information about the presence of certain microorganisms 
to be accurate. Nanomaterials have the greatest potential for the 
management of diagnosis of septic arthritis. In this research, silica 
nanoparticles (SiNP) were separated from rice husk ash and used for 
surface modification to identify procalcitonin (PCT), which is a well-
known biomarker for septic arthritis.

PCT is produced by neuroendocrine cells of the thyroid and is 
converted into calcitonin, so it does not enter the blood circulation. 
Hence, the level of PCT in a healthy person’s serum is less than 0.05 
ng/mL [21]. This level is increased drastically with bacterial infection 
and inflammatory response. Depending on sepsis severity, the values 
increase between 10 and 100 ng/mL. Slightly elevated levels of PCT 
(between 0.05 and 0.5 ng/mL) are noted as a localized infection [22]. 
In addition, PCT shows a rapid rise in the blood serum within 2-6 hrs of 
acute infection, quantifying the level of PCT helps identify the bacterial 
infection and inflammatory condition. Apart from that, the level of PCT 
helps to differentiate between non-septic and septic arthritis in people 
with joint inflammation. It is, thus, a specific and sensitive biomarker 
for septic arthritis [23]. This research quantifies the level of PCT on 
a SiNP-modified interdigitated microelectrode (IDME) surface by 
utilizing aptamer and antibody as the capturing and detection probes, 
respectively. IDME has been demonstrated widely as a dielectrode 
system, with different designs. The popular designs are parallel and 
interdigitated patterns, as well as concentric patterns with uniform 
gaps. The successful sizes for gaps and electrodes are at microscale 
ranges. These kinds of electrode systems can be operated at low power 
on a dual probe station for a high-performance analysis. IDME works by 
causing a dipole moment between dual electrodes connected between 
positive- and negative-electrodes. The dipole moment occurs due to the 
movement of ions between two electrodes, and these ionic movements, 
changing with surface measurements or surface molecular interactions, 
are measured.

2. Materials and Methods

2.1. Reagents and biomolecules

(3-Aminopropyl)triethoxysilane (APTMS), PEG-COOH, PCT, 
Phosphate buffered saline (PBS), anti-PCT antibody, and human serum 
were bought from Sigma-Aldrich (USA). IDME was synthesized as 
described previously [24]. COOH ended aptamer (5’-COOH-CCGCGGCA
GTTCCGTAATGTTAATGCCTATACTTGAGCTG-3’) and complementary 
aptamer (5’-COOH-GGCGCCGTCAAGGCATTACAATTACGGATATGA
ACTCGAC-3’) sequences were synthesized and received from Apical 
Scientific, Malaysia [23]. On IDME, the power supply was provided 
by a pico ammeter on a dual power station at the range between 0 and 
2 Volts and measured with the intervals of 0.1 V. All measurements 
were performed at room temperature (RT) and the sensing surface was 
maintained wet using 10 mM Phosphate-buffered saline (PBS) (pH 7.4). 
Washings were carried out using the same buffer, between each surface 
modification or interaction using a 10-rection volume. To maintain 
consistency in the measurements, washing was performed on a probe 
station without disturbing the electrodes.

2.2. Extraction of potassium silicate from rice husk ash

The rice husk was first burned for six hrs at 500°C to eliminate the 
hydrocarbons, after which it was soaked in 10 M of HCl for a day to 

eliminate any extraneous minerals except for silica. After treating the 
resulting ash with 10% HCl and heating it for 3 hrs at 100°C while 
stirring to remove any impurities, it was rinsed with distilled water 
to bring its pH down to 7. Subsequently, the refined ash was dried for 
three hrs at 100°C. About 30 g of ash was blended with 10 M of KOH 
and heated at 300° C for 3 hrs to extract the potassium silicate solution 
(K2SiO3). After 3 hrs, the potassium silicate solution was collected 
through a Whatman filter paper (pore size=0.7 µm).

2.3. Preparation of silica nanopowder from potassium silicate solution

Silica nanopowder was prepared by using the extracted K2SiO3 from 
the rice husk ash. For this process, 250 mL of K2SiO3 was added to 250 
mL of distilled water and then 10% of HCl was introduced dropwise 
until the pH reached 7, white gel formation was noted at this point. The 
gel was then stirred overnight to get a uniform distribution of the silica 
nanopowder. To obtain the powder form of silica, the gel was dried at 
100°C for 16 hrs, separated by centrifugation, and cleaned with distilled 
water the next day.

2.4. Creating an amine linker on the surface of silica nanopowder

Amine was linked with SiNP for the surface functionalization process. 
Briefly, 1 µL APTMS (2% dissolved in 30% ethanol) was mixed with 1 
mg/mL of SNP, and the mixture was shaken for 3 hrs. Following that, 
centrifugation was used to collect the altered nanoparticle and wash it 
in 30% ethanol. In preparation for additional modification, the isolated 
amine-modified SiNP complex was dried at room temperature (RT).

2.5. Optimizing aptamer immobilization on SiNP

Anti-PCT aptamer was modified on the IDME through the amine-
modified SiNP. Since aptamer immobilization plays a major role 
in PCT detection, aptamer was diluted to 100 to 1600 nM, and the 
immobilization efficiency was optimized. For this process, IDME was 
initially dipped in KOH (1%) solution for the hydroxylation process, 
and then amine-modified SiNP was placed and rested for 3 hrs. After 
that, the excess amine was removed by washing the surface with 
diluted ethanol. Furthermore, COOH-ended aptamer with 100 nM was 
introduced to the SiNP-modified amine surface. The surface current 
was recorded after washing the surface with PBS. Similarly, other 
concentrations of aptamer (200 to 1600 nM) were attached to the 
electrode. The current measurements were analyzed, and the suitable 
aptamer concentration for PCT detection was determined.

2.6. Optimizing of anti-procalcitonin antibody

Antibody was used as the detection probe in the PCT biosensor. 
To identify the necessary antibody concentration, antibodies from 50 
to 400 nM were optimized. For this process, the same process was 
followed until the aptamer immobilization. PEG-COOH was used to 
block the excess amine surface, followed by the introduction of 1 nM 
PCT, and then it was rested for 30 mins. Finally, 50 nM antibody was 
added and it was rested for another 30 mins. The surface current was 
recorded after washing the surface with PBS. The same experiment was 
conducted for other antibody concentrations (100, 200, and 400 nM).

2.7. Detection of PCT by aptamer and antibody

PCT was detected on SiNP-modified IDME. The steps involved in this 
process are as follows: (i) IDME was immersed in KOH for 10 mins; (ii) 
SiNP-APTMS was added and it was rested for 3 hrs; (iii) Aptamer was 
introduced for 30 mins; (iv) PEG-COOH was placed on the electrode 
for 30 mins; (v) PCT (0.01 to 20 ng/mL) was added for 30 mins; (vi) 
Optimized PCT antibody was dropped and kept for 30 mins. In between 
each step, the surface was washed with PBS and then the current was 
measured to identify PCT-binding with its antibody and aptamer.

2.8. Selective and specific detection of procalcitonin

Selective identification of PCT (0.01 to 20 ng/mL) was performed 
with PCT dissolved in human serum. PCT was diluted in human serum 
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and detected by aptamer-PCT-antibody sandwich assay. All other 
experimental conditions and the concentrations of biomolecules were 
kept constant. Specific performances with control proteins, namely 
CRP, and CTxII, and complementary aptamer, were conducted. Four 
different experiments were performed (i) CRP instead of PCT; (ii) 
CTxII instead of PCT; (iii) complementary aptamer instead of specific 
aptamer; and (iv) IgG antibody instead of anti-PCT antibody. The 20 
ng/mL CRP and CTxII concentrations were dropped on the aptamer 
and sandwiched with the antibody. In another experiment, PCT was 
allowed to interact with the complementary aptamer-attached surfaces 
and then sandwiched with the antibody. The current measurements 
were recorded for all the control experiments and compared with three 
specific PCT detections.

3. Results and Discussion

Septic arthritis, an orthopedic emergency, can seriously harm 
the joints and raise morbidity and death rates. Early detection of the 
infection facilitates more effective therapy and accelerates the healing 
process for septic arthritis. Herein, a PCT biosensor was developed 
on a SiNP-modified IDME by utilizing the molecules, aptamer, and 
antibody as the capturing and detection probes, respectively. Figure 
1(a) and 1(b) shows graphical representation of the PCT biosensor. 
KOH-treated IDME was converted into APTMS-SiNP through the 
interaction of KOH with APTMS. Further, an aptamer ending with 
COOH was added. COOH bound with the amine in the APTMS, and 
then PEG-COOH was added as the blocking molecule to suppress 
the nonspecific binding. PEG-COOH was used to block the amine 
surface of APTMS. In general, amine-modified surfaces attract other 
biomolecules electrostatically, which leads to a false positive signal. 
To reduce the biofouling, PEG-COOH was utilized, which can bind 
the excess amine surfaces and reduce the signal-to-noise ratio. After 
that, PCT was added, anti-PCT antibody interacted. In this surface 
modification, aptamer was used to capture PCT. The aptamer is an 
artificial antibody, having more positive features than the antibody, 
such as higher selectivity, sensitivity, low-cost, no batch variation, 
easy modification, and flexibility for surface functionalization [24,25]. 
Since aptamer is more specific for its target, it attracts only the specific 
molecule when used as the capturing probe. This improves the specific 
detection of PCT and lowers the detection limit because the aptamer’s 
binding affinity is higher with the target than the antibody. So, an 
aptamer was designed to capture PCT and then detect it using an 
antibody. [18,26,27]. Apart from that, SiNP was utilized to improve 
the aptamer’s binding on IDME. Since the surface of the SiNP was 
covered with APTMS, it could attract a higher number of COOH-ended 
aptamers. It was proved that SiNP-modified biomolecules are stable on 
the electrode and enhance the biomolecular interactions.

3.1. Nanoscale imaging of SiNP

Field emission scanning electron microscopy (FESEM) was used to 
analyze the size and shape of SiNP extracted from the rice husk ash. 
The FESEM image revealed a homogeneous distribution of SiNP with no 
sign of agglomeration (Figure 2a); the average size of an SiNP is around 
30 ± 10 nm. EDX results show that elements majorly found in the SiNP 
were Si (20.9 %), O (70.4%), and C (8.6%), confirming the synthesis of 
SiNP from rice husk ash (Figure 2b).

3.2. Aptamer concentration optimization

Since aptamer attachment on the electrode plays a major role in 
improving the PCT biosensor, different aptamer concentrations were 
tested on the SiNP-modified IDME. Maximum amount of aptamer 
immobilization attracts more PCT and improves the analytical 
performances. Figure 3(a) shows the current-volt graph of different 
aptamer concentrations binding on APTMS-SiNP. As shown in the figure, 
KOH-treated IDME showed a current level of 6.75 E-11 A, and after 
modifying the surface into APTMS-SiNP, the surface current increased 
to 4.06 E-10 A. These current changes indicated that the electrode was 
modified into SiNP. Further addition of 100 nM aptamer increased 
the current to 7.65 E-010 A, which confirms aptamer attachment on 
APTMS-SiNP. Increasing the aptamer concentration (200, 400, 800, 
and 1600 nM), increased the current levels (1.46 E-09 A, 2.05 E-09 A, 
2.46 E-09 A, and 2.53 E-09 A, respectively) (Figure 3b). The response 
of current was saturated from 800 nM, which means that 800 nM of 
aptamer is enough to completely cover the APTMS-SiNP. Increasing 
aptamer concentration further leaves no space to attach to the sensing 
electrode, and the excess gets washed out during the washing process. 
Apart from that, PCT was quantified in the range of 0.01 to 1 ng/mL, 
and 800 nM of aptamer was enough to attract the highest concentration 
of PCT (1 ng/mL). We optimized 800 nM of aptamer for the PCT 
sandwich assay.

Figure 1. (a) Graphical representation of PCT biosensor. KOH-treated IDME was 
modified into APTMS-SiNP. Further, an aptamer end with COOH was added. PEG-COOH 
was added to suppress the nonspecific binding. After that, PCT was added, followed by 
anti-PCT antibody. (b) Surface structure of IDME. Electrodes and gaps are indicated. 
PCT: Procalcitonin, IDME: interdigitated microelectrode, APTMS-SiNP: (3-Aminopropyl)
triethoxysilane-silica nanoparticle.

(b)(a)

Figure 2. (a) FESEM image of SiNP revealing a homogeneous distribution of SiNP with 
no sign of agglomeration, an average size of SiNP is around 30±10 nm. (b) EDX results 
show that the major elements Si (20.9 %), O (70.4%), and C (8.6%) were found in the 
isolated SiNP, confirming the synthesis of SiNP from the rice husk ash. EDX: Energy 
dispersive X-ray spectroscopy, FESEM: Field emission scanning electron microscopy 
SiNP: silica nanoparticle.

Figure 3. Aptamer optimization. (a) Current-volt measurement of different aptamer 
concentrations binding on APTMS-SiNP. The current level was increased for each 
concentration of aptamer. (b) The current response of aptamer immobilization. With 
increasing the aptamer, the current response also increased, it was saturated from 800 
nM. All experiments were performed as triplicates on different devices fabricated from 
the same batch, and data were averaged. APTMS-SiNP: (3-Aminopropyl)triethoxysilane-
silica nanoparticle.
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3.3. Optimizing anti-PCT antibody

After aptamer optimization, the anti-PCT antibody was optimized 
to improve PCT biosensing. Antibody was used as a detection molecule 
in the aptamer-PCT-antibody sandwich assay. The necessary amount 
of antibody is needed to detect the immobilized PCT on the aptamer-
modified surfaces. For this process, antibody concentrations of 50 to 
200 nM were optimized with a fixed aptamer and PCT concentration 
(Figure 4a). Without antibody, the current response was noted as 2.53 
E-09 A; after adding 50 nM the current was slightly increased to 2.76 
E-09 A, which means the antibody was not enough for complete binding 
with PCT. Increasing the antibody concentrations to 100, 200, 400, and 
800 nM, changed the current levels to 7.78 E-08 A, 1.59 E-07 A, 2.35 
E-07 A, and 2.45 E-07 A, respectively. After adding 100 nM antibody, the 
current drastically increased until the 400 nM antibody concentration. 
After that there was no increment of current response (Figure 4b). This 
means that 400 nM of antibody was enough to maximise the current 
response for 1 nM of PCT. So, 400 nM of antibody was optimized for 
the aptamer-PCT-antibody sandwich assay to enhance the biomolecular 
interaction and lower the detection limit of PCT.

3.4. Quantification of procalcitonin

PCT was quantified on an SiNP-modified IDME using an aptamer 
and antibody sandwich assay. On the aptamer attached surfaces, 
different concentrations of PCT (0.01 to 20 ng/mL) were added, and 
the anti-PCT antibody was interacted. As shown in Figure 5(a), before 
adding PCT, the current response was recorded at 2.46 E-09A, and 
after adding 0.01 ng/mL of PCT, the current slightly increased to 2.76 
E-09A. There was no significant difference in current with 0.01 ng/mL 
of PCT. With a further increment of PCT to 0.1 ng/mL, the current level 
was increased from 2.46 to 5.18 E-09 A. The current response almost 
doubled at PCT concentration of 0.1 ng/mL (Figure 5b). With increase 
in the PCT concentration to 1, 5, 10, 15, and 20 ng/mL, current levels 
increased to 3.45 E-08 A, 7.91 E-08 A, 1.3 E-07 A, 1.87 E-07 A, and 
2.35 E-07 A, respectively. It was noticed that 1 ng/mL showed a higher 
jump of current responses and constant increment. This higher level of 
current response was achieved by higher immobilization of the aptamer 

through the SiNP on IDME. APTMS-modified SiNP attracts a higher 
number of COOH-ended aptamers and provides a better stability and 
orientation on the IDME, which helps to attract higher PCT and further 
increases the current response. Various research proved that silica is 
stable, biocompatible, and simple to functionalize with biomolecules 
[28]. In addition, SiNPs' enormous surface area and capacity for 
functionalization enable them to detect target analytes at very low 
concentrations [29]. Biomarkers conjugated with SiNPs are used to 
detect various diseases such as cancer, diabetes, and infectious diseases 
[30]. Here SiNPs were utilized to improve aptamer attachment on IDME, 
which enhanced the analytical performances for PCT, with its aptamer 
and antibody. The difference in current for each PCT was calculated 
and plotted in an Excel spreadsheet, and the limit of detection of PCT 
was calculated as 0.1 ng/mL with an R2 value of 0.9555 (Figure 6a).

3.5. Selective and specific detection of PCT

For the selective identification of PCT (0.01 to 20 ng/mL), PCT 
was dissolved in the human serum and detected by the aptamer-PCT-
antibody sandwich assay. As shown in Figure 6(b), the current response 
was increased with increasing PCT without any interference. Research 
has found that the cutoff value of PCT in human serum is around 
0.25 ng/mL and it is increased when people have septic arthritis. 
The serum PCT cutoff was found at 0.25 ng/mL and determined as 
the diagnosis marker for septic arthritis. Another research found that 
serum PCT values at 0.5 ng/mL are an accurate biomarker for pyogenic 
infections [1]. In addition, it was proved that the serum PCT would 
be superior to other biomarkers, which include CRP, ESR, and WBC 
at discerning septic arthritis from aseptic arthritis [31]. Our sensing 
system identified the PCT level in the serum spiked sample from 0.1 
ng/mL without any interference helps to diagnose the septic arthritis 
and its conditions. Specific PCT detection was further analyzed with 
control proteins, namely CRP and CTxII, and with a complementary 
aptamer. Four different experiments were performed: (i) CRP instead of 
PCT, (ii) CTxII instead of PCT, (iii) complementary aptamer instead of 
aptamer, and (iv) IgG antibody instead of anti-PCT antibody. As shown 
in Figure 7, there was no notable difference in current with control 
molecules compared with specific experiment indicating the specific 
detection of PCT.

Figure 4. Antibody optimization. (a) Current-volt graph of different antibody 
concentrations binding on PCT immobilized surface. Current was increased for each 
concentration of antibody. (b) Current response of antibody immobilization. With 
increasing the antibody, current response also increased; it was saturated from 200 nM. 
All experiments were performed as triplicates on different devices fabricated from the 
same batch, and data were averaged. PCT: Procalcitonin.

Figure 5. (a) Quantification of PCT. Current-volt graph for different concentrations 
of PCT detection by aptamer-PCT-antibody. Current level was increased for each 
concentration of PCT. (b) Current response of PCT detection. There is no significant 
difference in current response was noted with 0.01 ng/mL of PCT. From 0.1 ng/mL, 
a clear increment of current was noted. All experiments were performed as triplicates 
on different devices fabricated from the same batch, and data were averaged. PCT: 
Procalcitonin.

Figure 6. (a) Limit of detection of PCT. The difference in current for each PCT was 
calculated, plotted in an Excel spreadsheet, and the limit of detection of PCT was 0.1 ng/
mL with an R2 value of 0.9555. (b) PCT detection in target spiked serum sample. Current 
response was increased with increasing PCT without any interference. All experiments 
were performed as triplicates on different devices fabricated from the same batch and 
data was averaged. PCT: Procalcitonin.

Figure 7. Specific PCT detection was further analyzed with control proteins, namely 
CRP and CTxII, and with complementary aptamer. There is no notable difference of 
current was recorded with control molecules. All experiments were performed as 
triplicates on different devices fabricated from the same batch, and data were averaged. 
CRP: C-reactive protein, CTXII: C-terminal cross-linked telopeptides of type II collagen. 
PCT: Procalcitonin.
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4. Conclusions

Septic arthritis is a serious joint infection caused by microorganisms, 
particularly bacteria. It causes excruciating joint pain and edema 
surrounding the joint. Severe and untreated infection leads to serious 
health issues. Diagnosing septic arthritis at the initial stages helps 
to provide the necessary treatment. PCT is known as a specific and 
efficient blood-based biomarkers for septic arthritis. This research was 
focused to develop a PCT biosensor on an IDME modified with SiNPs. 
The aptamer was attached to SiNP through an amine-COOH linker, 
and it was saturated at 800 nM. On the aptamer-attached electrodes, 
PCT was quantified as low as 0.1 ng/mL by an aptamer-PCT-antibody 
sandwich. Selective experiments with PCT-spiked serum show an 
increasing trend of current responses, and with the control molecules, 
the current responses are constant, indicating the selective and specific 
detection of PCT. This SiNP-modified sensor identified the lower 
level of PCT and diagnosed septic arthritis. The current research has 
demonstrated good performance; however, when changing the surface 
with different nanomaterials, it needs fine-tuning to provide optimal 
conditions. Further, sensitivity may vary depending on the affinity 
between the interactive molecules.
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