
CHAPTER 16

WEARABLE TECHNOLOGIES AND BIOSENSORS 
FOR EARLY SEPSIS DETECTION

Serdar Gül,1 İlknur Akkuş2

﻿16.1. Wearable Biosensor Technologies and Working Principles

Wearable biosensors are devices that detect and monitor patients’ biochemical, 
physiological or vital signs in real time. Often integrated into fabrics, patches 
or smartwatches that are in contact with the body, they enable the continuous 
tracking of parameters such as heart rate, respiratory rate and blood levels of 
substances like glucose or lactate.1,3 Data collected from these devices can be 
analyzed using artificial intelligence to predict risks and provide early warnings, 
even before symptoms appear.4

Today, various types of wearable biosensors are available. These sensors detect 
specific biological and biochemical functions in the body and transmit the results 
as electronic signals.5 The most commonly used types include electrochemical, 
optical, and piezoelectric biosensors. 

Electrochemical biosensors detect biochemical substances such as glucose 
and lactate using electrochemical methods, transmitting their concentrations as 
electrical impulses. Glucometers are a well-known example of this type of sensor. 
Figure 1 illustrates the working principle of electrochemical sensors.

Optical biosensors identify biomolecules by monitoring changes in light 
absorption, fluorescence, or emission. Devices such as pulse oximeters, which 
measure blood oxygen saturation, operate on this principle.

Piezoelectric biosensors convert physical variables such as weight and pressure 
into electrical signals and are often used to monitor physiological activities such 
as respiration.
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Figure 1. Working principle of electrochemical sensors

Accuracy, flexibility, and seamless integration are essential features of wearable 
biosensors, and recent technological advancements have made these possible.6

Microfluidics, for instance, enables the non-invasive and safe collection 
of bodily fluids such as sweat, saliva, and interstitial fluid. This allows for the 
continuous monitoring of electrolytes, glucose, lactate, and other biomarkers. 
Flexibility is also important for comfort and prolonged use. The materials used in 
these devices are usually thin and lightweight, enabling them to conform to the 
skin while maintaining functionality when bent or stretched.7

Incorporating nanomaterials such as graphene and carbon nanotubes can 
further enhance the sensitivity and selectivity of biosensors.8 These materials enable 
more precise detection of biomarkers at lower concentrations, thereby increasing 
measurement accuracy. Wireless technologies such as Bluetooth and Wi-Fi support 
real-time monitoring and remote data access by enabling communication between 
biosensors and mobile devices.9

Overall, these technological innovations make wearable biosensors more 
reliable, comfortable, and efficient.

The performance and effectiveness of wearable biosensors depend largely on 
the materials used in their construction.10 Common materials include polymers, 
nanomaterials, and smart textiles. Nanometric materials such as carbon nanotubes, 
graphene, and metal nanoparticles can significantly improve the sensitivity and 
specificity of biosensors. Their large surface area enhances interactions with 
biomolecules, enabling detection at very low concentrations.11
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Smart textiles incorporate conductive fibers or materials into fabric, facilitating 
the development of inconspicuous, comfortable biosensors. Due to their lightness 
and flexibility, these textiles are ideal for monitoring physiological parameters 
such as heart rate and muscle activity.12 Technological advances now enable the 
miniaturization of biosensors without compromising their functionality.

Power sources and data transmission are also critical components of these 
devices. Lithium-ion batteries are commonly used as they offer long-term 
operation without frequent recharging.13

16.2. The Role and Applications of Biosensors in Sepsis Diagnosis

Sepsis is defined as an unregulated immune response to infection, which can 
lead to organ failure. It affects approximately 48.9 million people globally each 
year, resulting in around 11 million deaths.14,15 With a fatality rate of up to 40%, 
early diagnosis and treatment are of the utmost importance.16

However, the non-specific and variable presentation of sepsis often delays 
diagnosis and treatment. Although blood cultures and biochemical tests are 
commonly used, they have long turnaround times and a risk of false negatives, 
which complicates early identification.17 Therefore, efforts are ongoing to develop 
highly sensitive technologies that enable earlier detection.

Biosensors have emerged as a promising alternative for the rapid and accurate 
diagnosis of sepsis and the continuous monitoring of patients. Technologies 
that can detect biomarkers such as procalcitonin, C-reactive protein (CRP) and 
interleukins have advanced significantly.18 For instance, optical sensors using 
aptamer-based techniques show high specificity in detecting molecules like CRP.19

Despite these advances, the clinical application of biosensors is still limited 
by issues such as regulatory approval, licensing and inconsistent performance 
across different patient groups. Figure 2 illustrates the principle of electrochemical 
aptamer-based biosensors.

Nanotechnology-based biosensors have gained prominence in the early 
detection of sepsis. These biosensors leverage the unique properties of 
nanomaterials such as gold nanoparticles (AuNPs), graphene and quantum dots 
to enable real-time detection with high sensitivity and specificity, particularly for 
PCT and CRP.19
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Figure 2. Principle of electrochemical aptamer-based biosensors

Papafilippou et al. used AuNPs, quantum dots and magnetic nanoparticles as 
multifunctional tools for pathogen detection and biomarker quantification. When 
integrated with surface-enhanced Raman spectroscopy (SERS) or colorimetric 
analysis, these nanoprobes facilitate rapid, label-free signal generation, making 
them suitable for clinical and point-of-care applications.20

Zhou et al. explored smart magnetic probes and microfluidic-integrated 
sensors with enhanced sensitivity and real-time imaging capabilities.21 Pant 
et al. used electrochemical biosensors incorporating ZnO nanotubes, carbon 
nanofibres and AuNPs to detect CRP and PCT. This approach achieved ultra-
low detection limits (down to 0.05 ng/mL), high specificity and compatibility 
with portable devices.22 However, complex fabrication processes and durability 
issues remain challenges.

Vasconcelos et al. introduced platforms based on quantum dots and 
immunomagnetic particles for the detection of multiple sepsis biomarkers 
using very small sample volumes. This approach is particularly valuable in 
neonatal care, where limited sample volumes allow the simultaneous analysis 
of multiple targets.23
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Li et al. designed a battery-free soft wearable wound dressing system (WDS) 
that enables wireless, real-time monitoring of wound conditions and PCT levels. 
This system can also accurately measure wound pH and temperature, facilitating 
early sepsis detection.24

Wang et al. developed a fully integrated microneedle patch for minimally 
invasive, transdermal lactate monitoring in interstitial fluid. Featuring a diffusion-
limiting polymer membrane, the patch enables the accurate, continuous tracking 
of lactate levels and connects to a smartphone interface for real-time data access. 
This portable platform shows promise for use in low-resource settings.25

Xu et al. created wearable microneedle patches with carbon nanotube interfaces 
for in vivo electrochemical cytokine monitoring. The device demonstrated a 
detection limit of 0.54 pg/mL and identified cytokine surges within one to four 
hours, making it suitable for the early detection of cytokine storms.26

Koeneman et al. designed a wearable system that detects early signs of sepsis 
by continuously monitoring heart rate variability and tachycardia.27

Nesle et al. introduced a wearable device for monitoring high-frequency fever 
in paediatric cancer patients, enabling earlier detection of sepsis at home.28

Kuhn et al. developed a wearable system that tracks heart rate, ECG, SpO₂, 
respiratory rate, blood pressure, body temperature and sleep. Data are wirelessly 
transmitted to a smartphone, integrated with hospital Wi-Fi and stored securely 
in the cloud for further analysis.29

16.3. Current Challenges and Future Perspectives

While these developments show strong potential, several barriers must 
be overcome for clinical implementation. These include signal interference, 
difficulties with validation, inconsistent patient responses, high production costs 
and safety concerns relating to nanomaterials such as graphene and quantum dots.

Future research should therefore focus on creating biosensors that are sensitive, 
specific, affordable, durable and easy to use in clinical settings.

Electrochemical biosensors operate by converting the binding of molecules 
such as PCT or CRP into electrochemical signals, thereby enabling quantitative 
detection. They use voltammetry, potentiometry, amperometry or impedance-
based techniques, and are often functionalized with nanomaterials to enhance 
electron transfer and surface activity. Aptamers or antibodies provide specific 
binding to biomarkers, producing changes that can be measured using cyclic 
voltammetry (CV), differential pulse voltammetry (DPV), chronoamperometry, 
potentiometry or electrochemical impedance spectroscopy (EIS).14
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Studies indicate that aptamer-based biosensors can be as sensitive as, or more 
sensitive than, antibody-based assays for detecting IL-6, CRP, and TNF-α.30 
Graziani et al. developed universal aptamers that target bacterial peptidoglycan, 
enabling the broad-spectrum detection of both Gram-positive and Gram-negative 
bacteria. Aptamers that target entire bacterial cells (e.g. S. aureus, E. coli and K. 
pneumoniae) have demonstrated greater specificity and faster response times than 
conventional immunoassays.31,32

Given that the risk of mortality increases by 7.6% for every hour that sepsis 
diagnosis is delayed, biosensors offer substantial value in time-critical environments 
such as emergency departments. Moreover, aptamers enable real-time monitoring 
and wireless signal transmission. Liu et al. created aptamer-based platforms using 
AuNPs and GO to detect pathogens at concentrations as low as 100 CFU/mL and 
cytokines in complex matrices.30,33

From 2020 to 2025, research into electrochemical aptamer-based biosensors 
accelerated. Aptamers offer advantages such as chemical stability, low cost and 
easy integration. These biosensors are used to detect acute-phase proteins (e.g. 
C-reactive protein (CRP)), cytokines (e.g. interleukin-6 (IL-6) and tumour 
necrosis factor-alpha (TNF-α)), procalcitonin (PCT), microRNAs, and 
lipopolysaccharides (LPS).14

Firoozbakhtian et al. achieved CRP detection in eight minutes,34 while 
Whitehouse et al. developed a reagent-free, single-step sensor for detecting CRP 
in under one minute.35

IL-6 quantification has also progressed. Diacci et al. used an OECT platform 
with AuNPs and aptamers.36 Sánchez-Salcedo et al. designed a cost-effective, 
stable EIS aptasensor. Ondevilla et al. created a rapid, multiplexed biosensor that 
can detect IL-6, TNF-α and miR-155 in under five minutes.37

Hybrid strategies have also emerged. For example, Yang et al. combined 
aptamers and antibodies on AuNPs to detect PCT in the range of 10–100 ng/mL 
(R² = 0.9937).38 Alvandi et al. constructed an FET biosensor using MXene-GO 
composites for the sensitive and stable (30 days) detection of E. coli and LPS.39

As early biomarkers, LPSs have clinical significance. Mobed et al. and Zhu et al. 
developed aptasensors capable of detecting LPS and differentiating serotypes.40,41 
Wang et al. used PBA-functionalized graphene to detect LPS with a limit of 3.9 
fg/mL.42 Yu et al. employed dual amplification electrochemical strategies to detect 
LPS at 0.25 fg/mL.43

Furthermore, Liu et al. developed a magnetic electrochemical aptasensor that targets 
HSP70, a stress protein associated with sepsis. This biosensor could detect HSP70 in 
concentrations ranging from 10 pg/mL to 200 ng/mL, outperforming ELISA.44

Despite their strengths, biosensors face challenges such as limited 
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multiplexing, poor reproducibility and a lack of real-world validation. Table 
1 summarizes the advantages and disadvantages of nanotechnology-based and 
electrochemical biosensors.

To ensure the broader adoption of biosensors and wearable technologies in 
daily life and clinical practice, the limitations must be addressed through expanded 
multidisciplinary research.

Table 1.  Advantages and Disadvantages of Nanotechnology-Based and Electrochemical 
Biosensors (Adapted from reference no 14)

Biosensor Type Advantages Disadvantages

Nanotechnology-
based biosensors

- High sensitivity, specificity, and real-time data 
acquisition - Rapid detection - Compatibility 
with portable devices - Requires very small sample 
volume - Capability for multiplex detection of 
sepsis biomarkers

- Limited long-term 
durability - Optical 
transduction can 
be affected by 
sample complexity 
and conditions - 
Biocompatibility issues - 
High production cost

Electrochemical 
biosensors

- Eliminate ethical concerns related to animal-
based antibody production through in vitro 
synthesis of aptamers - Cost-effective - Chemically 
and thermally stable - Easily integrated into 
electronic interfaces - High speed and efficiency - 
Tunable binding dynamics and rapid adaptability 
to emerging pathogens or biomarker variants 
- Real-time monitoring, miniaturization, and 
wireless signal transmission - Homogeneous and 
wash-free assay formats

- Require surface 
modification and signal 
amplification strategies
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