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A B S T R A C T   

Here we present a sensitive method for the detection and quantification of two (IL -10 and CRP) immuno- 
responsive biomarkers in various biofluids. The significance of these immune response biomarkers lies in 
them displaying elevated levels in critically ill COVID -19 patients. The developed electrochemical sensor con
tains a gold film electrode with ZnO nanoparticles deposited on its surface to increase the surface area of the 
working electrode while integrating antibody-antigen interactions into the detection system. This multiplex 
biosensor has a wide linear range from 0.01 μg/mL to 100 μg/mL and 0.1 pg/mL to 1000 pg/mL for CRP and 
IL10, respectively. The cross-reactivity of this multiplex sensor platform was evaluated between these two 
proteins and was <20%. Recovery studies were performed by spiking known concentrations in serum and urine 
samples. The recovery was calculated and ranged from 80% to 100%, confirming clinical applicability. This 
electrochemical sensing platform can aid in the early screening of COVID -19 patients to monitor for the 
development of more serious and potentially lethal symptoms.   

1. Introduction 

The clinical utility of biological markers that correlate with disease 
severity and mortality has long been explored. The interpretation of 
these biomarkers has shifted the clinical threshold for medical diagnosis. 
While there are a variety of sensing techniques that can be used for 
biomarker application, electrochemical sensors hold a strong appeal due 
to their electrical output that can be directly analyzed and interpreted. 
With the emergence of coronavirus disease in 2019 (COVID -19), elec
trochemical sensors may be key to early detection as well as tracking 
disease progression in patients (Ali, 2020). Though there are a variety of 
diagnostic measures for COVID -19, there is still a lack of severity pre
diction that can track or predict the evolution of a patient’s symptoms. 
Currently, the international gold standard for detection is reverse tran
scription polymerase chain reaction (RT-PCR)(Benda et al., 2021). 
Real-time PCR RT-PCR or quantitative PCR (qPCR) is used to amplify 
and detect changes in amplicon concentration during sequencing, 
whereas conventional PCR assays detect these changes after sequencing. 
This assay method offers several advantages, expressed as high accuracy 
and sensitivity, low turnaround time, and small sample size required 

(Filchakova et al., 2022). While this diagnostic measure has impressive 
capabilities in diagnosing a patient with COVID -19, it lacks predict
ability in disease progression. To address this issue, biomarkers identi
fication is an effective option in predicting disease progression. 
Associations between lymphopenia, thrombocytopenia, and elevated 
levels of C-reactive protein (CRP), PCT, LDH, and D-dimer have been 
studied with the severity of COVID-19 (Chilimuri et al., 2020; Malik 
et al., 2021; Santos et al., n.d.). In addition, major efforts have been 
made to identify the role of inflammatory cytokines in COVID-19, with 
increased production of IL-1, IL-2, IL-4, IL-6, IL-10, IL-12, IFN-γ, TNF-α, 
and other molecules, typically associated with lung tissue as a part of the 
COVID-19 cytokine signature (Costela-Ruiz et al., 2020). IL-6, IL-10, 
IFN-γ, and TNF-α have been specifically found to be potential COVID-19 
severity predictors (del Valle et al., 2020; Han et al., 2020). These bio
markers have the potential to be used as early indicators of the devel
opment and severity of COVID-19 in a patient. This will allow the 
patients at high risk to be identified and allocated the necessary re
sources to as early as possible. 

C-reactive protein (CRP) is an acute phase reactant (APR) that acts as 
a proinflammatory cytokine. CRP is synthesized mainly in liver 
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hepatocytes in response to infection and accompanying cytokines such 
as IL-6. During a host immune response, CRP enhances macrophage 
phagocytosis by binding to specific molecules (e.g. phosphocholines) 
often found on the surface of pathogens and other microorganisms 
(Marnell et al., 2005). CRP typically interacts with bacterial pathogens 
and damaged or dead cells which can trigger hyperaggressive inflam
matory activity that results in damaged tissue as shown in Scheme. 1B. 
Specifically in COVID-19, CRP appears to be responsive to COVID-19 
pneumonia leading it to react excessively to the large amount of 
damaged lung tissue cells in severe COVID-19 patients (Luan et al., 
2021; Sheriff et al., 2021). CRP plays an important role in the activation 
of the C1q molecule which triggers several immune responses, most 
notably the increased synthesis of pro-inflammatory cytokines (Sproston 
and Ashworth, 2018). This increased level of cytokines results in an 
increase in inflammation, the excess of which can lead to organ 
dysfunction. Because of CRP’s role in supplementing pro-inflammatory 
cytokines, CRP elevation can be used as an early indicator of inflam
mation(Ponti et al., 2020). An early indication of inflammation can 

predict the development of severe symptoms in admitted patients (Ali, 
2020; Smilowitz et al., 2021). In addition to its ability to predict prog
nosis, CRP interpretation outperforms a physiological score of respira
tory function (ROX) and CT scans in early prediction and indication of 
inflammatory development (Luan et al., 2021; Mueller et al., 2020). 

Interleukin-10 (IL-10) belongs to group of inflammatory cytokines 
that have been presented as possible prognostic markers for COVID-19 
disease severity (Dhar et al., 2021). While IL-10 typically regulates the 
host immune response to foreign pathogens (Couper et al., 2008; Saraiva 
et al., 2020; Subramanian Iyer and Cheng, 2012), there are conflicting 
observations in the current literature regarding its role as an immuno
suppressant, implying its role within COVID-19 is pro-inflammatory 
(Islam et al., 2021). While its role as an immunostimulant in 
COVID-19 needs further investigation, several lines of evidence support 
this interpretation. First, increased levels of IL-10 have been associated 
with increases in pro-inflammatory cytokines (e.g., IFN-γ, IL-2, IL-4, 
IL-7, IL-18, TNF-α) (Lauw et al., 2000; Lu et al., 2021). Second, within 
COVID-19, there is a possibility of IL-10 induced hyperstimulation of 

Scheme. 1. (A) Illustration of pathophysiology of IL-10 and CRP during COVID-19 symptom development. (B) Visual depiction of internal inflammatory processes 
caused by IL-10 and CRP during different COVID-19 developmental stages. Both images were created with biorender.com. 
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CD8+ T cells (Wang et al., 2020). Hyperstimulation of CD8+ T cells leads 
to both an increase in IFN-γ and other cytokine levels and T cell 
exhaustion(Rha and Shin, 2021). In addition, T-cell numbers have been 
shown to correlate inversely with the levels of IL-10, such that increased 
IL-10 levels could signify decreasing T cell numbers, a trend with pro
spective prognostic value (Moon, 2020). This combined increase in 
pro-inflammatory cytokines, triggered by high IL-10 levels results in 
increases inflammation that can lead to organ failure. Because of these 
factors, an increase in IL-10 and other cytokine levels may indicate the 
development of more severe disease and id an important prognostic 
measure for COVID-19. 

The combination of IL-10 and CRP to monitor and predict the 
development of COVID-19 symptoms has great potential (Herold et al., 
2020). With similar pathophysiological features (Scheme. 1A), IL-10 and 
CRP could unlock prognostic capabilities in COVID-19 that we do not 
currently have. Elevated levels of either may not be indicative of future 
symptom severity because the high incidence of CRP in viral infection is 
so abnormal, but COVID-19 patients who have high levels of both may 
be interpreted as an indicative of future development of severe symp
toms. Nevertheless, caution is warranted because the combined bio
marking abilities of IL-10 and CRP have not been fully explored. 

Another respiratory infection that shows similar tendencies toward 
high IL-10 and CRP levels is pneumonia. Pneumonia plays a central role 
in the severity of COVID-19, and results in increased mortality in pa
tients with COVID-19. Even in patients who had recovered or are 
recovering from COVID-19 pneumonia, long term respiratory compli
cations often persist (George et al., 2020). Both IL-10 and CRP have been 
found in elevated levels in patients with pneumonia. IL-10 typically acts 
as a potential mediator during and after respiratory infection (van der 
Sluijs et al., 2004), while CRP indicates the severity of inflammation and 
potential respiratory complications (Karakioulaki and Stolz, 2019). 
Although pneumonia is not an infection strictly associated with 
COVID-19 cases, especially in critical condition, with COVID-19 to 
develop pneumonia (Scheme 1B). 

Nanomaterials play a vital role in improving biosensor efficiency. 
Metal and metaloxide nanoparticles have been used in wide range of 
biosensing applications because of their chemical stability and high 
surface area(Madhurantakam et al., 2020). Among several metal-oxides, 
zinc oxide (ZnO) based biosensors have become the predominant ma
terial for sensing applications due to their remarkable features such as 
wider band gap, good electrical transport, and high exciton binding 
energy. ZnO is considered a good candidate for biosensor applications 
due to its chemical stability, non-toxic nature, high isoelectric point, cost 
effectiveness. Due to high isoelectric point, ZnO has higher uptake of 
biomolecules such as enzymes, proteins, antibodies and DNA or RNA 
through electrostatic interactions(Ahmadivand et al., 2021; Gwiazda 
et al., 2022; Sharma et al., 2021). ZnO has been considered as multi
functional nanomaterial because of its utilization in wider number of 
analytical detection methods such as optical, mass-based and electro
chemical sensors. Among all these sensor types, electrochemical bio
sensors have attracted more attention in the field of healthcare due to 
their capability of rapid response and early diagnosis. Here, in this 
article we functionalized antibodies using a cross-linker molecule on 
ZnO deposited gold electrode. Deposition of ZnO on gold electrode will 
increase the surface area without drastically increasing the volume of 
the electrodes. This increase in surface area allows a greater amount of 
antibody to bind to the ZnO surface, resulting in a wider detection range. 
In addition, the nanoparticles enable an increase in the linear detection 
range, covering both low and high sensitivities. The ability to interpret 
biomarkers in both the high and low ranges provide a comprehensive 
understanding of a patient’s condition which is necessary for appro
priate treatment and medication. This sensor platform is the first step 
towards a multiplexed sensor that with capabilities to both detect and 
predict the development of COVID-19 in a patient. The inclusion of 
additional cytokines such as IL-6, IL-8, IFN-y, and many others would 
allow for greater accuracy and sensitivity in COVID-19 specific 

situations (Madhurantakam et al., 2022). 
Industrial-standard diagnostics are currently available for the inter

pretation in COVID-19 patients, and their traditional clinical workflows 
are shown in (Scheme 1). In defining the performance of immunoassays, 
it can be quantified by their specificity (SP) and sensitivity (SE). Industry 
standards such as the Enzyme-Linked Immunosorbent Assay (ELISA) and 
LUMINEX multiplex bead array assays provide effective but inefficient 
means of biomarker detection. ELISA provides highly sensitive and 
specific quantitative measurement of proteins. While it can only detect a 
single analyte specifically and requires a large sample volume, it pro
vides an incredibly sensitive measurement of the single target protein. 
Unfortunately, ELISA remains inefficient for COVID-19 testing due to its 
unbalanced performance and low-cost effectiveness (Santano et al., 
2021). In contrast, LUMINEX assays were developed to provide a more 
cost-effective and time-efficient alternative. In addition, LUMINEX al
lows multiplex detection, meaning that one sample can be used to detect 
multiple targets. While this allows quantification of a larger number of 
molecules, it has shown lower sensitivity for the molecules measured. In 
addition, there is evidence that the manufacturer’s protocol for sample 
volume can be reduced by half without compromising quantitative 
reliability (Mountjoy, 2021). Both have their strengths depending on 
different experiments, both have long response times before patients 
receive test results. LUMINEX and ELISA typically require 5–8 h, but 
however more specialized tests can take up to 2–3 days (Fig. 1). 

In comparison, our multiplexed sensor platform presents a more cost- 
effective and time-efficient solution than either of the current standards. 
Optimized for use as a point-of-care diagnostic measure, our sensor al
lows a small sample (100 μL) to be applied to the surface with an in
cubation time of 10 min (Fig. 1). Depending on the levels of these 
biomarkers at the time of admission clinicians can assess the patient 
inflammation levels, which can help to provide time-efficient treat
ments. If CRP levels remain stable and do not increase within the first 48 
h of hospitalization, then this indicates stable disease state (Mueller 
et al., 2020). If the levels of IL-10, remain stable within the first 50–100 
h of admission, then this too predicts stable symptom. If rise in these two 
levels observed, then it indicates the severe disease progression. 
Currently, our multiplex system incorporates two inflammatory cyto
kines, but future development aims to utilize up to 16 different markers. 
The use of a wide range of inflammatory cytokines (IL-2, IL-6, IL-8, 
IFN-γ, TNF-α) and other biomarkers would allow more sensitive and 
specific prognostic COVID-19 severity diagnostics. 

1.1. Materials & methods 

Dithiobis(succinimidyl propionate) (DSP), Phosphate buffer saline 
(PBS), dimethyl sulfoxide (DMSO), and Tween-20 were purchased from 
Thermo Fisher Scientific, USA. IL-10 and CRP proteins and their 
respective antibodies were purchased from Abcam, USA. Healthy human 
pooled plasma was purchased from Innovative Research, Inc (USA). All 
of these proteins, antibodies, and pooled human serum and urine sam
ples were stored according to their respective storage instructions until 
further use. All antibodies were diluted in PBS, and various antigen 
concentrations were added to pooled human serum to generate a cali
brated dose-response curve and to perform other sensor property 
studies. To avoid protein denaturation, freeze-thaw cycles were limited 
to less than 3. 

1.2. Immunoassay development 

Our sensor surface was initially functionalized using 10 mM DSP 
which was dissolved in DSMO and incubated at room temperature away 
from light. Specific antibodies tailored towards IL-10 and CRP were 
subsequently functionalized onto the sensor surface as well. Superblock 
was used to prevent non-specific interactions with the DSP linkers. Su
perblock was used to cut-off the non-specific binding of target to DSP 
crosslinker. Calibrated dose response and spike and recovery studies 
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were then established and assessed against each other in both urine and 
serum samples. The response was quantified as a percent difference from 
an initially set baseline, typically a zero dose. Optimal sample size was 
established to be 100 μL for full 16-electrode coverage. 

1.3. Experimental design for validating binding chemistry 

To ensure successful immobilization and binding of antibodies with 
the crosslinker molecule (DSP) on the gold working electrode, attenu
ated total reflectance Fourier transform infrared spectroscopy (ATR- 
FTIR) was used to confirm the binding chemistry. Using this technique, 
the infrared spectra of the DSP crosslinker and CRP antibody and IL-10 
antibody were obtained, and the characteristics peaks were identified to 
validate the binding chemistry. DSP crosslinker, CRP antibody bound to 
DSP and IL-10 antibody bound to DSP were studied. 

1.4. Electrochemical studies 

Electrochemical impedance spectroscopy was used to measure the 
response of the sensor. Electrode array consists of 16 gold electrodes 
individually surrounded by gold reference electrode. The impedance 
response is measured by the subtle changes between the antibody- 
antigen affinity interaction when a small input voltage (10 mV) in the 
frequency range of 1000–80Hz is applied to the sensor. 

1.5. Statistical analysis 

All the data presented in the manuscript as mean ± SEM, n = 3. 
Statistical representation followed as ns: not significant, *p 0.05, **p 
0.01, ***p 0.001, ****p 0.0001. The calibrated dose response was 
analyzed by asymmetric nonlinear fitting (5 parameters). One-way 
ANNOVA was performed to measure the difference in significance be
tween low and high range in calibrated dose responses. All statistical 
calculations were performed using GraphPad Prism. 

2. Results and discussion 

The characterization of ZnO nanostructures functionalized with DSP 
and immobilized antibodies for IL-10 and CRP. Fig. 2 shows the FTIR 
spectra of all combinations DSP-CRP antibody (A) conjugate, DSP-IL-10 
antibody (B) conjugate and DSP crosslinker superimposed. All signifi
cant peaks used to validate successful bonding of the crosslinker, and 
antibody capture probes are annotated and presented in S. Table1. As 
shown in Fig. 2, the spectrum was recorded in the wavelength range of 
500–4000 cm− 1. The functionalization of DSP on the ZnO surface was 
confirmed by the presence of thiol bonds around 2900-3100 cm− 1. The 
peak at 2930 cm− 1 and 3010 cm− 1 indicates the presence of saturated 
and unsaturated C–H stretches respectively. This confirms the binding of 
DSP to ZnO. The shift of the peak from 1677 to 1640 cm− 1 and 1683 to 
1650 cm− 1 in IL10 and CRP was observed with increasing intensity, 
confirming the immobilization of the antibody on the ZnO surface by 
DSP through the formation of an amide bond. 

Currently, there are no point-of-care prognostic devices for predict
ing COVID-19 inflammatory status and for follow-up. Because elevated 
levels of IL-10 and CRP are established early indicators of inflammation 
in COVID-19 patients, a sensing platform targeting these inflammatory 
markers would aid clinicians in COVID-19 development prediction. 
Consequently, the first prognostic devices used to assess disease devel
opment and management should have both high sensitivity and broad 
coverage for their target markers. A broad range is defined to include 
both healthy physiological levels and irregular elevations in the disease 
state of each biomarker. 

Since, an impedance response generated by an antibody-antigen 
interaction is used to measure concentration, optimization of antibody 
concentration on the sensor surface is vital. An antibody saturation 
study was performed to determine the optimal antibody concentration 
and incubation time. Four different antibody concentrations ie; 25 μg/ 
mL, 50 μg/mL, 100 μg/mL and 150 μg/mL for CRP and 1 ng/mL, 2.5 ng/ 
mL, 5 ng/mL and 10 ng/mL for IL-10 were immobilized on sensor sur
face. As shown in Fig. 3 (A-B), the response was significantly higher 
when higher antibody concentrations (150 μg/mL and 10 ng/mL for 

Fig. 1. Illustration depicting current clinical chronology vs. multiplex sensor timeline utilizes rapid bedside point-of-care approach as a disease severity prognostic. 
Image was created with biorender.com. 
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CRP and IL-10 respectively) were used. In addition, the variation in 
impedance response between different antibody incubation times was 
evaluated and found that an incubation time of 2 h provided the most 
optimal response. The incubation time allows the antibody to interact 
with the DSP treated ZnO surface, and typically the longer the incuba
tion time the greater volume of interactions will occur. However, the 
incubation time tests showed that there was negligible difference in 
response output between 2 h and longer incubation periods. This was the 
perfect incubation time as it both gave a high response and allowed the 
sensor to be used only after a couple hours. 

With established antibody concentrations and incubation times 
found, elected to evaluated sensor functionality by incrementally 
increasing dose concentrations for our two analytes as a calibrated dose 
response (CDR) study. Calibrated dose concentrations study demon
strated a high sensitivity for both markers with a wide concentration 
range. This wide concentration range allows for more flexibility and 
stronger capability in monitoring and distinguishing healthy, moderate, 
and severely affected patients. Additionally, as different body fluids 
have utilized in establishing calibrated doses, this allows for sensor 
utilization in multiple body fluids. CDR in PBS buffer produced a wide 
range of detection for CRP and IL-10 finding 0.01 μg/mL to 100 μg/mL 
and 0.1 pg/mL to 1000 pg/mL respectively as shown in Fig. 2 (C-D). An 
increase in the percentage change with respect to zero dose was 
observed with increasing concentrations from low to high. A significant 
difference between low (0.1 pg/mL) and high (1000 pg/mL) concen
tration with p value of <0.0001 was observed for IL-10 with a regression 

co-efficient value of 0.96. Similarly for CRP, significant difference with p 
value of <0.05 was observed between 0.01 μg/mL and 100 μg/mL and a 
regression co-efficient of 0.92. This robust response demonstrates 
capable detection of both highly elevated and depressed levels of each 
biomarker providing full coverage of different disease states. 

With the establishment of a reliable and sensitive response and 
range, the accuracy of our multiplex sensing platform was also evalu
ated. By spiking known concentrations onto the sensor, percentage 
response was calculated and used to measure the unknown concentra
tion from the established calibrated dose responses. Spiked concentra
tions were compared with the recovered concentrations to evaluate the 
sensor accuracy. The accuracy of our platform was measured in both 
serum and urine. This flexibility between the two kinds of body fluids 
would allow for a potentially more flexible point-of-care system. While 
serum biomarkers have incredibly potency as disease prognostics, the 
ease of collection and utilization of serum has proven more difficult than 
that of urine. As a developed bedside point-of-care prognostic, flexibility 
is an essential trait for this device. As shown in Fig. 4 (A-B), the linear 
calibration curve provides visualization of the sensor response against 
spiked concentrations and calculated recovered concentrations. Recov
ered concentration of CRP in both serum and urine were (Fig. 4A and C) 
displayed a correlation with an R2 value of 0.99 while the IL-10 in serum 
(Fig. 4B) urine (Fig. 4D) showed an R2 value of 0.99 and 0.94 
respectively. 

Beyond established sensitivity and accuracy, specificity of each 
antibody to its own respective analyte must be evaluated as well. This 
was accomplished through two cross-reactivity studies that assessed 
each antibody respectively. Exemplified in Fig. 5, the response given by 
an antibody to differing quantities of specific and non-specific molecules 
was quantified. This incorporated low and high non-specific concen
trations with a set specific concentration. In addition to these, the sen
sors were assessed with a concoction of a set specific concentration with 
low or high non-specific concentrations to validate the sensing platform 
specificity. Displayed in Fig. 5, the impedance response of both anti
bodies exemplified negligible cross-sensitivity between the two anti
gens. While there is a mild response to just the presence of non-specific 
molecules, the quantitative impact upon the response when specific 
molecules are present is insignificant. 

In addition to accuracy and specificity, repeatability and reproduc
ibility were assessed in our multiplexed platform. Single electrode sen
sors are typically assessed with repeatability and reproducibility being 
established as variation within the same sensor and variation between 
separate sensors respectively. However, due to the multiplexed and 
multi-electrode of our sensing platform, repeatability and reproduc
ibility were established as within an electrode and between electrodes 
on the sensor surface respectively. The coefficient of variation (%CV) 
was calculated in both target markers for each medium to assess any 
variation within and between sensors. Typically, the lower concentra
tion thresholds exemplified higher variability with all %CV exhibited 
between a range of ~1.5%–17.9%. As shown in Fig. 6, both markers 
exhibited a reproducibility (A&B) and repeatability (C&D) with a %CV 
< 20%, sitting within the acceptable clinical threshold set by the Clinical 
and Laboratory Standards Institute (CLSI) guidelines (McEnroe et al., n. 
d.). These results demonstrate our multiplexed platform’s accurate, 
repeatable, and reproducible detection within its range determined by 
our previously established CDR. 

Finally, the quantification and analysis of the percent recovery was 
implemented as a supplement to the accuracy of the sensor. As shown in 
Fig. 7, CRP in serum showed a recovery percentage between 95% and 
102% and in urine it ranged between 72% and 125%. Whereas IL-10 in 
urine showed a recovery range between 75 and 98% and in serum 
81–112%. This demonstrates consistency and low variability regarding 
the calibrated response to IL-10 and CRP. Currently, within our 
knowledge, this is the first demonstrated multiplex biomarker sensor 
targeting CRP and IL-10 for point-of-care prognostic use with reliable 
sensor performance. Additionally, our sensing platform aims to explore 

Fig. 2. FTIR characterization of functionalized DSP surface and antibody 
immobilized surface with CRP(A) and IL-10(B) antibodies. 
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Fig. 3. (A–B) Antibody saturation displaying an impedance response curve in correlation to increasing antibody concentration. (C–D) Calibrated dose response for IL- 
10 and CRP at incrementally increased concentrations. 

Fig. 4. Actual spiked concentrations plotted against measured concentrations in serum (A–B) and urine (C–D) as a correlation plot for both CRP and IL-10.  
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the potential prognostic capabilities of urine biomarker detection as its 
collection and analysis hold higher practicality for bedside patient 
monitoring. 

3. Conclusions and future scope 

With respect to the results provided in the manuscript, we achieved 
the uniform distribution of ZnO thin film on gold working electrode and 
functionalized the Au–ZnO sensor surface with crosslinker and anti
bodies successfully. The developed portable point-of-care sensing plat
form can specifically detect IL-10 and CRP proteins from blood matrices 
within a short time using <100 μL of sample volume. Wide linear 
detection ranges of 0.01–100 μg/mL for CRP and 0.1–1000 pg/mL for IL- 
10. Also, the developed biosensor exhibited good correlation in esti
mating unknown spiked concentrations in both buffers proving the 
biosensor efficiency in all biofluids. Moreover, multiplex detection of 
CRP and IL-10 provides comprehensive inflammatory status of indi
vidual for personalized treatment. Additionally, this combination of 
proteins helps to track the inflammation status not only in COVID-19 
conditions, but also in several other infectious diseases. Patient strati
fication based on these inflammatory biomarkers is a key factor for 
proceeding to treatment modalities very quickly. 

In future, continuous monitoring of these biomarkers can be ach
ieved along with integration of this portable platform to internet of 
things, that can help to track patients’ inflammation status in an effec
tive manner(Chaudhary et al., 2023). More efforts are needed to develop 
multiplex sensing platform for detection more than two biomarkers 
across multiple biofluids. Implementation of the current developed 
biosensing platform as a base to detect other inflammatory biomarkers 
in biofluids could lead to an evolutionary state of point-of-care devices 
which can be used across many infectious and inflammatory diseased 
conditions. 
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