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ABSTRACT

Elisa (enzyme-linked immunosorbent assay) brought a revolution in serological diagnostics and research by enabling the sensitive and specific detection and
quantification of biomolecules, including proteins, peptides, hormones, and pathogens. Alyssa antigen-antibody takes advantage of the interaction, with signal
amplification to detectable color changes via substrate binding. Its simplicity, adaptability, and quantitative abilities have made it a preferred technique in clinical
diagnosis, food security, environmental monitoring, and biomedical research. Elisa formats include direct, indirect, sandwiches, and competitive assays,
corresponding to applications ranging from each infectious disease screening to allergen and toxin identity. Contemporary multiplexes, whether paper-based or
plasmonic, have improved the throughput and sensitivity of assays. However, there are limitations such as antibody instability, risk of non-specific binding, and
labor-intensive adaptation. Overall, the frequent development of ELISA increases early disease diagnosis, vaccine efficacy studies, and high-thorput biomarker

discovery, which achieves its place as an indispensable laboratory and clinical tool.
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Introduction

Enzyme-linked immunosorbent assay (Elisa) is an immunosa designed for quantitative and qualitative analysis of antigens or antibodies within samples.
It exploits excessive specific interactions between antibodies and antigen, such as horseradish peroxides (HRP) or alkaline phosphate (ALP), to produce
conjugated colorful reactions for secondary antibodies using enzymes such as enzymes. Elisa is widely used due to its efficiency, safety (non-
radioactive), and cost-effectiveness. It has widespread applications in medical diagnostics (eg, HIV, hepatitis, autoimmune disease), food allergies and
contamination analysis, environmental pollutants, and research settings. Its design allows for high throughput of many samples and simultaneous

analysis.
Types of ELISA
Type Principle/Method Main Uses
Direct ELISA Antigen immobilized; enzyme-labelled detection antibody recognizes antigen ~ Simple antigen detection; fewer steps
Indirect ELISA Antigen immobilized; primary antibody, then enzyme-conjugated secondary Detection of antibodies; higher
antibody binds sensitivity due to signal amplification
Sandwich ELISA Antibody immobilized; antigen captured & detected by enzyme-labelled Quantitative detection of antigens in
secondary antibody complex mixtures; high specificity
Competitive Antigen-coated well competes with sample antigen for antibody binding; Used for small molecular analytes and
ELISA enzyme-linked secondary antibody detects the bound antibody concentration estimation
Multiplex ELISA Multiple analyte detection in a single well, utilizing encoded beads or array Biomarker profiling; increased
formats throughput
Direct ELISA

e Workflow: coated the antigen directly; The enzyme-labelled antibody binds the target.

e Benefits: Simple, fast, low steps, low probability of human error.
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e Limits: low sensitivity (no signal amplification), high background due to non -protein binding, low flexible (should generate specific

conjugated antibodies for each analysis).
e Application: Study of immune response to an antigen; Conditions where analysis is abundant.
Indirect ELISA
. Workflow: Antigen coated well; Unlapped primary binds antibodies antigens; Enzyme-linked secondary antibody binds primary antibodies.
e  Benefits: More sensitivity (signal amplification through secondary antibodies), increased flexibility, cost-effective.
. Limits: long protocols, potential cross-reactivity (background noise).
. Application: Antibody screening, detecting low-to-very antibodies.
Sandwich ELISA

e Workflow: Capture the antibody coat well; The sample binds antigen; Detection antibody binds another appetop of antigen with an enzyme-

linked secondary for visualization.
. Benefits: The highest sensitivity and uniqueness (dual recognition), effective for complex samples.
. Boundaries: "Milan pair" requires antibodies and dividers/multi -level antigens, more expensive and time consuming.
e Application: Setting the amount of cytokines, hormones, clinical biomarkers.
Competitive ELISA
e Workflow: Sample analysis and label analysis compete to tie a limited amount of antibodies.
. Benefits: Useful for measuring small analysis or antigens with only one epitope, less sensitive to sample dilution/matrix effect.
e  Limits: Adaptation, more complex data interpretation is required.
. Application: Hyphens, hormones, drugs, or detecting low-intensity analysis.
Multiplex ELISA
o  Workflow: Detects multiple analytes simultaneously using bead arrays or multiplexed plate formats.
®  Advantages: Saves sample volume, higher throughput, enables detailed immunoprobing.
®  Limitations: Needs more complex setup and controls.

®  Applications: Cytokine profiling, biomarker discovery.

Advances in ELISA Methodology

Recent innovations include:

®  Digital Alyssa: Ultra-sensitive detection at Folli cram levels using single-lentil digital count, often bead-based capture and microarray is

1000x more sensitive than classical ELISA with microarray.
®  Paper-based and microfluidic Elisa: point-off-care/low-recourse tests, reagent use low, and rapid diagnosis.
(] Automation and Robotics: Increase throughput, fertility and accuracy in clinical laboratories.

®  Multiplexing and Al Integration: For personal therapy together, multi-biomarker detection and improve data analytics. Novel labels and

substrates: Fluorescent, chemiluminescent, and electrochemical reporters for increased sensitivity.

Conclusion

Elisa remains an integral part of laboratory and clinical workflow, enabling sensitive, acute and specific analysis of diverse bio -molecules. Its
permanent relevance is due to adaptability of its formats, improvement in detection limitations and diverse clinical and research applications.
Innovations continued to expand in miniatures, assay multiplexing and automation signals. However, challenges including antibodies production costs,
technical complexity in adaptation and ability to non-specific interactions should be addressed through methodical progress and strong verification.

Elisa will undoubtedly remain as an essential technique in modern biology.
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