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10. Summary of the new findings of the thesis:

White spot disease caused by WSSV (White Spot Syndrome Virus) is one of the most
devastating diseases affecting the shrimp farming industry, reducing productivity and causing
substantial economic losses in Vietnam and many shrimp-producing countries worldwide.
Although PCR (Polymerase Chain Reaction) is widely used for WSSV diagnosis with high
accuracy, its reliance on specialized laboratories, expensive instrumentation, and trained
personnel limits its practical use for on-site detection. In response to the urgent need for a
rapid, cost-effective, and user-friendly diagnostic solution, this thesis focused on the research,
design, and development of a portable electrochemical biosensing system integrated with
Internet of Things (IoT) technology for the on-site detection of VP28, a specific biomarker of
WSSV.

The dissertation adopted an interdisciplinary approach that combined materials
technology, surface chemistry, molecular biology, electrochemistry, electronic engineering,
and embedded systems. The electrode surface was enhanced by electrochemical deposition
of gold nanoparticles to increase the electroactive surface area and improve charge-transfer
characteristics. Subsequently, a self-assembled monolayer (SAM) of 11-Mercaptoundecanoic
acid (11-MUA) was formed and activated using EDC/NHS chemistry to immobilize anti-
VP28 antibodies, thereby creating a highly specific biorecognition layer. The surface
modification and biosensing processes were characterized using cyclic voltammetry (CV),
square wave voltammetry (SWV), and electrochemical impedance spectroscopy (EIS),
together with scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy
(EDX), fluorescence microscopy, and Western blot analysis. In parallel, the portable
electrochemical measurement device was developed based on a microcontroller platform,
analog measurement circuit, and the MQTT communication protocol for real-time data
acquisition, processing, and wireless transmission to computers or mobile devices.

The experimental results demonstrated that gold nanoparticle deposition significantly
improved the electrochemical performance of the electrode, the 11-MUA SAM enabled
efficient antibody immobilization and preserved highly specific recognition of VP28. The
resulting biosensor exhibited high sensitivity, good selectivity, stable responses, and excellent
repeatability. Tests performed on shrimp samples positive for WSSV produced results
consistent with PCR, confirming the reliability of the proposed system. The portable
electrochemical device operated stably and proved suitable for field deployment, remote
monitoring, and loT-based data integration.



The principal contribution of this thesis is the successful development of a complete
electronic measurement system integrating an electrochemical biosensor, measurement
hardware, signal-processing software, and an loT communication platform for rapid WSSV
detection. The findings not only provide a scientific foundation for the development of
electrochemical protein biosensors but also demonstrate the capability to design, fabricate,
and integrate specialized electronic systems for biological diagnostics. The proposed system
can be directly applied in shrimp farms, hatcheries, and aquatic diagnostic laboratories, and
can be further extended to detect other pathogens in agriculture, environmental monitoring,
and biomedical applications. Future work will focus on improving sensitivity, long-term
stability, industrial design, and integrating artificial intelligence algorithms to enhance data
analysis, early warning, and real-time disease monitoring.
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