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1. Background

Food allergy in infants and young children has been increasing worldwide and represents a significant
public health challenge. In Japan, the number of pediatric patients with food allergy is estimated to exceed
500,000. The disease often requires long-term elimination diets and carries the risk of anaphylaxis, imposing
a substantial burden on patients and their families.
Current clinical guidelines recommend maintaining the minimum necessary elimination diet based on accurate
diagnosis. However, definitive diagnosis often relies on oral food challenge (OFC), which carries inherent

risks and requires specialized expertise. Because allergy specialists are unevenly distributed geographically,
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many general medical institutions lack sufficient diagnostic support. Therefore, new technologies that can

assist general physicians by reproducing specialist-level diagnostic expertise are urgently needed.

2. Aim of the Project

The aim of this project was to develop an Al-assisted diagnostic medical device (Software as a
Medical Device, SaMD) for food allergy by integrating a novel immunological technology with machine
learning. A key innovation of this study is the measurement of IgE antibody binding avidity, which reflects
the “quality” of antibody—antigen interactions. By combining avidity-based immunological biomarkers with
structured clinical data extracted from electronic medical records, we sought to construct an Al-based system

capable of predicting food allergy outcomes and supporting clinical decision-making.

3. Main Results

3.1 Development of an AI-Based Diagnostic Model

Clinical data structured from electronic medical records were integrated with immunological measurements
to develop a machine-learning model for food allergy diagnosis. Using data from 284 patients with hen’s egg
allergy, an ensemble model combining Random Forest, XGBoost, LightGBM, and Support Vector Machine
algorithms was constructed.

The model demonstrated high diagnostic performance, with an area under the receiver operating characteristic
curve (AUC) of 0.85, sensitivity of 0.82, and F1 score of 0.80. Explainable Al techniques such as SHAP
analysis were applied to identify key clinical and immunological factors contributing to diagnostic predictions.
3.2 Development of an IgE Avidity Measurement System

A novel immunoassay system using a Densely Carboxylated Protein (DCP) chip was developed to
simultaneously measure allergen-specific IgE, IgG1, IgG4, and IgE binding avidity.

In addition, an automated measurement system was improved, reducing assay time from two hours to one
hour and enabling a high-throughput testing framework capable of meeting increasing clinical demand.
Measurement systems for additional allergens, including peanut (Ara h2), milk, and wheat, are also being
developed.

3.3 Development of an Al-Assisted Diagnostic Medical Device (SaMD)

An Al-based clinical decision support system was designed to integrate immunological measurements with
clinical information. The system provides diagnostic support, prediction of OFC outcomes, individualized
management recommendations, and visualization of Al decision-making processes.

Collaboration with Fujitsu Japan has been initiated to support system implementation and future
commercialization. A patent application for a food allergy outcome prediction system has also been prepared.
3.4 Immunological Mechanism Analysis Using Animal Models

Experimental studies using epicutaneous sensitization models of food allergy were conducted to investigate
the relationship between IgE avidity and immune responses. These studies aim to clarify the mechanisms
linking IgE avidity with class-switch recombination and to provide mechanistic evidence supporting the

clinical application of avidity-based biomarkers.

4. Summary
This project established a novel diagnostic framework that integrates innovative immunological biomarkers
with artificial intelligence to improve the diagnosis and management of food allergy. The developed system

demonstrated high diagnostic performance and provides a practical approach for supporting clinical decision-
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making. By enabling advanced diagnostic support even in settings without allergy specialists, this technology
has the potential to improve medical safety, reduce unnecessary dietary restrictions, and enhance patient
quality of life.

5. Future Implications

Future research will focus on expanding the Al model to additional allergens such as peanut, milk, and wheat,
and validating its performance in multicenter prospective studies. Preparations for regulatory approval and
clinical trials are also underway.

Ultimately, this technology aims to become the first Al-assisted diagnostic medical device for food allergy,
enabling standardized and high-quality care. Moreover, the framework developed in this project—combining
immunological biomarkers, electronic health record data, and artificial intelligence—may serve as a new

paradigm for Al-assisted diagnostics in other disease areas.



