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ZENIA: Development of an Al-driven nutrition app to support
immune health: An EAACI task force report

To the Editor,

Immune health is strongly shaped by dietary diversity, nutrient
quality, and the degree of ultra-processed food (UPF) intake.! Over
recent decades, immune-mediated diseases including aIIergies,2 au-
toimmune disorders,3 and infectious diseases,3 have risen sharply.
Evidence consistently demonstrates that diverse, nutrient-rich, and
minimally processed dietary patterns positively modulate immune
function by influencing inflammatory processes, microbiota com-
position, and micronutrient sufficiency.™* Conversely, diets char-
acterized by high UPF consumption,®® or nutrient insufficiency
contribute to immune dysregulation and increased susceptibility to
inflammatory conditions.

Validated dietary indices are reliable predictors of nutrient ade-
quacy, reduced inflammation, and lowered risk of immune dysfunc-
tion.” Yet, their practical application in real-time, individual-level
dietary monitoring remains limited. Digital health tools have prolif-
erated, but most emphasize calorie counting and weight manage-
ment rather than immune resilience.® Current gaps include the lack
of integration of immune-related outcomes, reliance on closed or
non-transparent food databases, absence of automated dietary di-
versity scoring aligned with global sustainability guidelines, and poor
adaptability to diverse cultural and linguistic contexts.

To address these limitations, we propose the development of
ZENIA, a progressive web application (PWA) designed to transform
dietary monitoring into a culturally adaptable, Al-driven tool for
immune-focused nutrition guidance. The name ZENIA represents
(nv (from the ancient Greek “to live”), eating, nutrition, immune
health, and actions - an integrated framework emphasizing resil-
ience, mindful eating, nutrient sufficiency, and lifestyle balance. This
app will combine automated dietary diversity scoring with barcode
scanning, food image recognition, and manual entry, all linked to the
open-access OpenFoodFacts database.® By leveraging Al, ZENIA
will capture detailed consumption patterns, including not only nu-
trients but also allergens, UPFs, and food packaging information
(ingredients), while linking these to immune-related symptoms or in-
flammatory outcomes. This manuscript presents the ZENIA project
protocol - currently in the design and early implementation stages
- outlining its rationale, planned phases, and methodological frame-
work for future validation.

The current project received support from the European
Academy of Allergy and Clinical Immunology (EAACI) through the
Task Force “Personalized Nutrition App for Inmune Health: Tracking
Dietary Habits and Analyzing Immune Outcomes” (Budget code
41116; 2024-2025), for developing the fundamental components
of ZENIA. Additionally, support was provided by the Task Force
“Ultraprocessed Foods and Allergy Outcomes: Stopping a Global
Epidemic” (Budget code 40326; 2024-2025) for conducting the pilot
study. As the ZENIA project is in its formative phase, the following
sections describe the structured five-phase development and evalu-
ation plan rather than completed outcomes.

The development will follow a five-phase model: (1) stakeholder
consultation and requirements mapping; (2) app design and Al inte-
gration; (3) pilot testing for feasibility and usability; (4) data analysis
and evaluation; and (5) optimization and release. Figure 1 illustrates
this workflow.

It is a multicenter study involving several participating coun-
tries, namely Greece, Italy, Cyprus, the Netherlands, Belgium, the
United Kingdom, Portugal, Ireland, Taiwan, Romania, Tirkiye, and
the United States and is expected to be completed in approximately
24 months.

To map the requirements of the app, a multidisciplinary group -
including nutritionists, dietitians, allergists, pediatricians, immunolo-
gists, primary care clinicians, behavioral scientists, lifestyle medicine
professionals, and app developers have been consulted, with some
members also affiliated with stakeholder organizations such as
EAACI and European Food Safety Authority (EFSA). Their combined
expertise will guide the definition of dietary metrics, including mac-
ronutrients, micronutrients, NOVA food processing classification,
and allergen presence. They will further define immune-related
outcomes, including self-reported allergy symptoms, infection fre-
quency, and inflammatory flare-ups, while also specifying user pro-
file fields such as dietary restrictions, medication use, and pregnancy
or breastfeeding status. Immune-related outcomes will be captured
using validated self-assessment tools, such as Patient-Oriented
Eczema Measure (POEM) for eczema symptoms, Rhinitis Control
Assessment Test (RCAT) for rhinitis, and standardized logs for in-
fections. Data will be collected weekly to minimize recall bias, and

seasonal variation and medication use will be recorded as covariates.
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FIGURE 1 System Architecture Flowchart: ZENIA's technical workflow illustrating data flow and logic processing.

This process will yield detailed technical and functional speci-
fications for the platform, accompanied by feasibility assessments
and compliance checks with the General Data Protection Regulation
(GDPR) and other international standards.

The second phase focuses on technical development. The core
elements of ZENIA are shown in Table 1. Built as a PWA, the appli-
cation is accessible across devices. Offline logging and automatic
updates maximize usability while eliminating reliance on app store
downloads. A core innovation is Al integration into dietary monitoring.
Barcode scanning provides instant nutrient and allergen data through
the OpenFoodFacts database (https://world.openfoodfacts.org/).
OpenFoodFacts offers several advantages: it is open, collaborative,
continuously updated, and contains millions of food products world-
wide, with detailed information on ingredients, nutrients, allergens,
additives, and packaging. Its global coverage supports multicenter
projects by allowing standardized coding while reflecting local diets.
Furthermore, its open-access nature facilitates transparency, repro-
ducibility, and interoperability with other health platforms. UPF clas-
sification will follow the NOVA framework using a predefined ruleset
derived from ingredient parsing. When fields are incomplete or con-
flicting, manual adjudication will be performed on a gold-standard
subset to estimate inter-rater reliability and classification error bounds.

An Al-driven image recognition model enables food logging via
meal photographs, with automated portion and ingredient estimation.

The image-recognition model will be trained on a balanced dataset
representing diverse cuisines. Evaluation will include Top-1/Top-5 ac-
curacy, per-ingredient F1-score, and portion-size mean absolute error,
stratified by cuisine and country to identify bias. Localization will use
forward-back translation and co-design workshops in each country to
ensure culturally appropriate terminology and imagery. All translations
will undergo expert review for semantic and functional equivalence.

Manual logging is also supported, enhanced by predictive text
linked to the database. Figure 2 presents the Zenia User Journey.

To assess dietary adequacy, ZENIA will calculate automated di-
versity scores in real time. These scores include validated indices
such as the WHO dietary diversity indicator.” The system will gen-
erate prompts when diversity falls below thresholds. For example, it
may suggest legumes for protein variety, leafy greens for vitamin A,
or fermented foods for gut health. Personalized guidance emphasizes
minimally processed foods, plant-based proteins, micronutrient-rich
options, and alignment with planetary health diet principles. Cultural
and linguistic adaptability is central. ZENIA will feature full content
translation and culturally relevant foods in its suggestions and image
recognition library, ensuring applicability across populations.

The third phase will evaluate feasibility, usability, and acceptabil-
ity through pilot testing.

Primary outcomes will include usability (System Usability Scale),
adherence to logging, and accuracy of diversity scoring. Secondary
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TABLE 1 Core App Functions - Al Components, Immune Relevance and User Examples.

Function

Barcode Scanning

Image Recognition

Manual Logging

Dietary Diversity
Scoring

Nutritional Guidance

Allergen Alert

Cultural & Language
Adaptation

Future Modules
(planned features)

Edit Your Profile
Step1of7

Demographics

Completed

Basic Information

We need some basic information about you to
provide per

nalized recommendations. This
information is kept secure and used only to improve
your experience.

Survey Date

Al/Digital component

Optical scanner connected to Open Food
Facts database

Al model identifies foods and ingredients
from image

Predictive entry linked to Open Food
Facts

Automated based algorithm

Rule-based engine (if-else logic)

Cross-check between ingredient data
and user profile

Localized content for each country

Psychological, Sleep, Activity,
Sustainability, Skincare modules

Ingredient Watchlist

Track ingredients that cause allergies, intolerances, or
that you want to monitor in your diet.

Add Ingredient
@ ALLERGIES A INTOLERANCES =~ TRACK

5
BARCODE [

Ingredients you want to monitor intake of (e.g.

sugar, sodium)

High Fructose Corn Syrup

A7 Tracking 4 ingredients v

Choose Input Method

IMAGH

Immune health relevance

Identifies allergens,
macronutrient, micronutrient and
UPF content influencing immune
modulation

Supports accurate dietary
diversity tracking

Ensures logging completeness

Linked to better immune tolerance

Promotes variety and nutrient
sufficiency and macronutrient
balanced diet

Prevents exposure to allergens

Enhances relevance and
engagement among diverse users

Broader immune-supportive
lifestyle integration

Ve 7
E £ MANUAL
Text

-
8%

Barcode Scanner

Scan product barcodes to automatically retrieve
nutritional information

WI LEYM

User interaction example

“...contains sesame - suggesting
alternative whole grain.”

“Detected chickpea salad -
diversity score updated.”

User types “vegetable stew,” app
matches to closest item and logs
nutrient data.

“Score 5/9—add leafy greens or
legumes to improve.”

“Try adding fermented yogurt for
probiotics.”

Warning for dificiencies or
disbalance in macro nutrients +
suggestions?

“Bread contains egg—avoid if
allergic.”

Spanish version shows “lentejas”
(lentils) recipes.

N/A (future enhancement phase)

7 Tracking 4 ingredients v

Choose Input Method
(o] /- /’
IMAGE !

BARCODE MANUAL

Al Image Recognition

Take a photo of your meal and let Gemini

Corn Syrup
Q Peanuts
Age
Shrimp
Gender - Preservatives
T A Partially Hydrogenated Ol
Paim Oil
A\ yeast
Weight (kg) L}
a ~ 5 + a
FE— . Add Food Diary Trends Watchlist Add Food Diary
= ® < . ® < .

FIGURE 2 ZENIA User Journey. Screenshots illustrating key user

Al identify ingredients and estimate
portions.

[ Take Photo 4+ Upload Photo

Add Food Diary Trends

interactions in the prototype version of the ZENIA app. 2.1 and 2.2

Onboarding & Profile Setup. User personalizes their profile (health conditions, dietary restrictions, language preferences). 2.3, 2.4, and 2.5
Dietary Logging Interface. Options: barcode scan, food photo upload (image recognition), manual entry.

outcomes will measure changes in dietary diversity, UPF consump-
tion, and associations with self-reported immune symptoms. No
formal a priori power calculation was conducted. The target sample
size aims for approximately 20-30 participants per country to pro-
vide stable estimates of usability score and to assess cross-cultural
performance of the app. Units of analysis will be user-level; missing
data will be handled via multiple imputation. Secondary endpoints
(dietary diversity, UPF intake, immune symptoms) will be treated

as exploratory, with false discovery rate correction for multiple
comparisons.

Participants will be recruited across countries for cross-cultural
evaluation, with the sample stratified by health status, socioeco-
nomic background, age, and gender to capture variability. A bal-
anced country distribution will be sought, although recruitment
feasibility will also be considered. Ethical approval and GDPR com-
pliance will be secured. Participants will complete baseline surveys
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on diet, immune health, and medical history before using the app for
two weeks. During the trial, users will log foods using Al-assisted
features, receive weekly feedback, and complete end-of-study sur-
veys and focus groups. In addition to barcode, image recognition,
and manual entry, the pilot will evaluate ZENIA's ability to identify
allergens declared in ingredient lists and precautionary allergen
labelling (PAL) (e.g., “may contain peanuts”). Allergen detection
through OpenFoodFacts will be presented as decision support, not
diagnostic advice. User-facing disclaimers will emphasize that the
database is crowd-sourced and may be incomplete or inconsistent
across regions.

For pilot testing, allergen presence will be verified via photo-
based OCR and manual quality checking. Performance targets will
include sensitivity, specificity, and PPV/NPV per allergen category.
Where labeling data are incomplete, users will receive a standard-
ized caution message (“Allergen information not verified—consult
packaging”).

This will allow preliminary testing of one of ZENIA's most in-
novative functions while maintaining focus on real-world usabil-
ity. Full-scale validation of allergen detection will follow later
phases, but the pilot will provide feasibility and accuracy data for
optimization.

The fourth phase will analyze pilot results. Quantitative meth-
ods will include descriptive and inferential statistics examining di-
etary patterns, adherence, and correlations with immune outcomes.
Qualitative analysis, based on thematic coding of user feedback, will
identify strengths, weaknesses, and opportunities for improvement.
Technical evaluation will assess error rates, response times, and of-
fline performance to ensure reliability.

ZENIA is classified as a digital wellness and educational tool pro-
viding non-diagnostic guidance. It is not a medical device. A post-
market monitoring framework will track user-reported incidents and
Al errors, ensuring transparency and continuous improvement. The
final phase will integrate pilot feedback to optimize ZENIA's inter-
face, algorithms, and guidance systems. Once refined, the app will be
prepared for deployment across platforms, supported by resources
to promote engagement and adherence. Ethics approval will be ob-
tained prior to testing, and user data will remain encrypted and se-
curely stored in compliance with GDPR and international standards.

The project will yield a validated dietary monitoring application
that leverages Al to enhance dietary tracking and analysis. Pilot
evidence will explore links between diet quality, diversity, UPF
intake, and immune outcomes. ZENIA will provide a scalable, cul-
turally adaptable tool with applications in clinical and public health
contexts.

Beyond its initial focus, ZENIA is being designed for long-term
scalability. Future iterations will expand into lifestyle domains, in-
cluding psychological well-being, sleep, physical activity, and sus-
tainability (e.g., reducing food waste, seasonal foods, plant-forward
meals). These modules will support holistic approaches to immune
health by addressing modifiable lifestyle factors. For instance, users
may track sleep with personalized routines or monitor outdoor ac-
tivity with GPS-based prompts to encourage green space exposure.

Eco-conscious eating and maternal or infant skincare modules will
further extend the app's relevance.

ZENIA will represent one of the first PWA to integrate open
food data, Al-powered monitoring, and immune-focused analytics
in a culturally adaptable, globally scalable format. By addressing
gaps in dietary assessment - particularly immune outcomes, trans-
parent databases, and real-time diversity scoring - ZENIA will offer
a transformative platform for nutrition and immune health. While
ZENIA integrates allergen alerts to support decision-making, it does
not replace professional or manufacturer information. It is expected
to generate actionable insights for individuals, clinicians, and poli-
cymakers, advancing both personalized nutrition and public health.
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