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ABSTRACT 
 
This paper presents the design, implementation, and evaluation of an AI-driven mobile 

application for rare disease support [1]. Rare diseases are often misdiagnosed, with high 

costs and limited awareness restricting access to proper care. Our system addresses these 

issues through four components: an AI Doctor that answers medical queries, a networking 

module that locates hospitals and experts, a genetic testing feature that supports result 

uploads and scheduling, and a research hub that simplifies scientific findings [2]. We 

conducted an accurate experiment with 20 queries, achieving an 85% correct response rate 

and consistent disclaimers for safety. A comparison with related research showed our 

system to be more patient-centered, bilingual, and accessible than data-intensive clinical 

tools. While challenges remain in ensuring accuracy and privacy, the project demonstrates 

that AI can play a valuable role in bridging information gaps for rare disease patients, 

offering practical, accessible support beyond traditional healthcare systems.  
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1. INTRODUCTION 
 

In 2025, the diagnosis of rare disease still remains a severe concern that shouldn’t be overlooked 

[3]. Patients with higher income levels would always be resourceful enough to seek more 

advanced resources and find top-notch experts to provide possible therapies for their disease. 

However, for patients of working-class, even diagnosing rare disease remains an indissoluble 

problem, since the precise diagnosis usually requires genetic testing, and that technology’s 

exclusivity is high for its expense charged (where WES would cost ¥3000-5000 per time ; WGS 

would cost ¥15000-30000 per time), which impedes many families, especially rural families 

trudged to urban city to seek better medicines, from even knowing what’s the fundamental cause 

of the disorder of themselves or their families.Moreover, due to the wealth inequality that 

exacerbates information asymmetry, many low-income patients wouldn’t  even know what is 

genetic testing and how could it help diagnose their genetic disorders; and even if they knew, 

usually they either wouldn’t be resourceful enough to connect with professionals specialized in 

that disease, or wouldn’t be financially welloff to pay the high medical fee of seeing an expert and 

using medicines (where rare disease medicines usually cost exorbitant for a working-class or even 

middle-class families that medicines for some disease, for example SMA, would cost patients 

nearly a million rmb per year).Thus, it would lead to the poignant phenomenon (in China) of 
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patients drawing debts and working 24/7 to pay off the medical bills spent on looking for doctors 

to diagnose their disease, but turns out that most of the expenditures are wasted on the inability of 

most hospitals’ incompetence in diagnosing genetic disorders, hence trapping patients in the 

vicious cycle of poverty. 

 

Dr. Xu Hong, Chair of the Rare Disease Committee at the Shanghai Medical Doctor's 

Association, pointed out that the diagnosis and treatment of rare diseases face core challenges 

such as "difficult diagnosis and low awareness," particularly in county and rural medical 

institutions.  

 

Surveys reveal that over 70% of grassroots doctors cannot independently interpret genetic testing 

reports and lack the ability to identify rare diseases. Data from the China Alliance for Rare 

Diseases shows that 42% of rare disease patients were initially misdiagnosed, with an average 

diagnosis period of 4.26 years—a situation even more severe in remote areas.  

 

The industry reality that "rare disease doctors are rarer than the patients themselves" directly 

contributes to primary healthcare facilities becoming the weakest link in birth defect prevention 

and control.  

 

Thus, it is crucial to establish a network for Chinese rare disease patients suffering from 

information asymmetry or the underdevelopment of genomic medicine in China's hospital system 

to connect to more advanced medical resources and possessing the information that provide 

effective guidance for them, which could prevent more patients from wasting unnecessary cost on 

therapy-seeking.   

 

We reviewed three scholarly projects related to AI in rare disease diagnosis. First, Wojtara et al. 

(2023) highlighted the use of machine learning trained on biomedical datasets, designed for 

clinicians to refine rare disease detection. Second, Germain et al. (2025) focused specifically on 

Fabry Disease, showing how AI can be tailored to improve detection in specialized contexts. 

Third, Schumacher et al. (2025) presented RareScale, a hybrid large language model framework 

that boosts diagnostic accuracy across 575 rare diseases but relies on expert oversight and 

infrastructure. Compared to these works, our system is distinctive in targeting patients directly 

through a mobile app. While less specialized, it emphasizes accessibility, bilingual support, and 

immediate expert networking. Unlike research projects that remain data-heavy and clinician-

centered, our solution addresses everyday patient struggles, bridging gaps in healthcare access. 

This makes our app more practical for empowering underserved populations in real-world 

contexts.  

 

This app is constructed over the idea that if we could bridge more rare disease families to 

effective diagnosis resources, then we might help save more time and financial cost for families in 

need and prevent more families from falling into the poverty trap. In order to actualize that 

mission, the app is designed into 4 parts: 1. AI doctor, in which the patients can primarily ask for 

possible syndromes they’re having to narrow down the causes of their disease, whether genetic or 

not, which helps save time and releases anxiety 2. Networking with experts, in which experts 

would be invited to register on the app, and the expert fee would be charged based on their level 

of professionality, their willingness to do free, voluntary diagnosis, as well as income level of the 

patients. (if the patient is unwilling to pay for the expert, then maybe they can seek advice on 

whether to do genetic testing or not from local hospitals or voluntary experts registered) 3. 

Genetic Testing, by which after talking with the expert, if the patients’ syndrome deserves a 

genetic testing to seek out root causes, then the patients can seek for information of where to do 

the testing and what are the costs for different types of genetic testing on this page, which enables 

them to seek for qualified and credited hospitals without causing extra concerns 4. Recent 
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research papers. By translating scientific jargons into humane languages, the more readable 

version of the latest research result of different types of rare disease might help the patients to 

navigate over possible solutions of their disease in a more effective way.   

 

In all, the app is niche in its idea without many incumbent competitors in the market. Also, its 

humane targeted user population of different income levels emphasizes its value of promoting 

medical equality, which differentiates it from for-profit apps. Moreover, the threshold of using the 

app is low that it’ll be free and would not request users to input their personal information in the 

login process, which provides a convenient and accessible user-friendly environment that 

encourages more users to try it.   

 

One of the reasons for its superiority over other solutions is its low excludability, by which the 

free of charge enabled more patients to utilize it and access advanced medical information 

without extra financial burden. Another reason is its high accessibility as compared to existing 

similar apps, which requires patients to fill in an elaborated form about their disease that might 

cause user-loss and extra mental burden for patients. Also, more importantly, this app would 

connect patients to top-notch experts from Harvard medicine school, Boston children’s hospital 

and many other elite hospitals in China that not many apps can replicate – through this 

networking process, the app dismantles the financial barriers or information asymmetry 

hampering patients from accessing quality medical resources.  

 

In our experiment, we evaluated the accuracy of the AI Doctor system by creating 20 queries 

related to rare diseases, each with an expected safe and informative response [4]. Inputs were 

varied, including symptom interpretation, specialist search, test explanations, and lifestyle 

guidance. We recorded the actual outputs and compared them to expectations. The AI performed 

well in 17 out of 20 cases (85%), accurately responding in both English and Chinese and always 

including disclaimers. The most consistent strength was in urgent-care scenarios, where the AI 

appropriately advised patients to seek emergency services. Limitations appeared in highly 

specialized queries involving genetic test nuances, where outputs sometimes oversimplified or 

omitted details. Overall, the experiment confirmed that the system delivers reliable and safe 

guidance in most cases. While not a replacement for professional care, it demonstrated strong 

potential as a supportive health assistant for patients navigating rare disease challenges.  

 

2. CHALLENGES 
 

In order to build the project, a few challenges have been identified as follows. 

 

2.1. AI Diagnostic Authority & Legal Liability  
 

 "How can an unregulated AI safely provide diagnosis or treatment advice for complex rare 

diseases without risking misdiagnosis or harm? What happens when it gives dangerous advice?"  

 

This skepticism focuses on the clinical and legal ramifications of using AI for diagnostic 

purposes. Rare diseases often have ambiguous symptoms, making it difficult for even experienced 

clinicians to arrive at accurate diagnoses. AI, with its reliance on data patterns, might 

oversimplify differential diagnoses and fail to consider the full spectrum of rare disease 

presentations, potentially overlooking critical conditions such as Gaucher disease or Behçet's 

disease. Furthermore, the legal implications are concerning: if an AI tool misguides a patient, 

delaying diagnosis and treatment for a condition like ALS, it could have serious consequences 

[5]. Who is liable in these situations? Is it the app developer, the hospital partner, or the algorithm 

itself? The regulatory void surrounding AI diagnostics also adds to the complexity, as many AI 
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systems lack the necessary FDA or CE approvals for clinical use. For example, a recent study 

published in JAMA (2023) revealed that AI misdiagnosed 34% of pediatric neurology cases, 

underlining the risks of AI's unregulated use. The fear here is that AI-powered tools could 

become something like an amplified WebMD—encouraging self-diagnosis, causing patients to 

misinterpret information, and possibly leading to harmful decisions. In such a high-stakes 

environment, the risks of AI missteps outweigh its unverified benefits, and without clear 

regulatory oversight, patients might face harm. 

 

2.2. Genetic Data Exploitation & Privacy Risks  
 

"Why should patients trust your app with sensitive genetic data? How do you prevent misuse by 

insurers, employers, or hackers?"  

 

Genetic data is one of the most personal and sensitive forms of health information, and its storage 

and use raise significant privacy concerns. Skeptics might question whether patients can truly 

trust the app with their genetic information, fearing exploitation by third parties such as 

pharmaceutical companies, insurers, or even employers. Even anonymized data could be 

repurposed for commercial use, such as targeting patients with high-cost drug campaigns, which 

would make patients feel like their genetic data is being commodified. Another concern is data 

security—health apps are notorious for having vulnerabilities, with reports showing that 72% of 

them have critical security flaws (HIPAA Journal, 2024). A breach could expose sensitive genetic 

data, such as  

 

BRCA1 status, which could lead to discrimination by employers or insurance companies. 

Furthermore, patients might not fully understand the technicalities behind genetic data analysis. 

Can they truly comprehend how AI analyzes raw VCF (Variant Call Format) files [6]? The EU's 

GDPR mandates that genetic decisions must be reviewed by a human, but many AI tools don’t 

align with these ethical guidelines. The fear is that this app could mirror the privacy issues faced 

by 23andMe, but with an even more vulnerable user base—patients dealing with rare diseases 

who may not have the same protections or understanding.   

 

2.3. Clinical Integration & Physician Resistance  
 

"Will doctors actually use this? How does your AI ‘therapy advice’ align with hospital protocols? 

Won’t this create conflicting guidance?" 

 

A significant challenge in rolling out AI-driven health apps is convincing medical professionals to 

integrate these tools into their daily practice. Doctors are often wary of adopting technologies that 

might disrupt established workflows, especially when these tools issue advice on rare disease 

treatments. For instance, an AI might suggest off-label therapies (such as using sirolimus for 

Tuberous Sclerosis Complex), which specialists might find inappropriate or unapproved by health 

authorities. This discrepancy between AI-generated suggestions and clinical protocols can create 

confusion and, at worst, lead to dangerous medical decisions. Furthermore, the nature of rare 

disease therapies often involves case studies with tiny sample sizes—sometimes just 10 

patients— making it difficult for AI to contextualize the clinical nuance that experienced 

clinicians bring to the table. For example, recommending chemotherapy for a patient with 

Fanconianemia might overlook the individual’s frailty, a factor that an AI system may not be 

equipped to assess accurately. Another concern is the potential for "alert fatigue." If an AI system 

inundates doctors with constant updates or urgent findings from patient-submitted data, it could 

result in vital information being ignored or overlooked. Ultimately, the risk is that the app could 

undermine trust between patients and their healthcare providers if patients begin to rely on AI-
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generated advice that contradicts their clinicians' recommendations. This fear of conflicting 

guidance could hinder the adoption of such technology within the medical community.   

 

3. SOLUTION 
 

The initial interface presented to the user comprises multiple interactive options organized within 

a structured navigation system. The primary means of interaction involves tapping on-screen 

buttons to access different functionalities. A prominent feature is the bottom navigation bar, 

which provides access to four distinct sections. By default, the user is positioned on the “Home” 

page. This page delivers a welcome message and offers quick access to the AI Chat module, 

facilitating conversational interaction with the system [8]. Additionally, a settings icon located in 

the upperright corner enables modification of the system’s language, enhancing usability for 

diverse user groups.  

 

The second tab within the bottom navigation bar directs the user to the “Genetic Testing Results 

Analysis” page. This functionality allows users to upload genetic testing results in image format. 

The integrated large language model (LLM) processes the uploaded image to extract and analyze 

genetic information, subsequently presenting the findings to the user in an interpretable format 

[7].  

 

The third navigation option leads to the “Expert” page. This section provides a searchable 

directory of medical facilities, enabling users to locate doctors and hospitals based on multiple 

search parameters. Such parameters may include specialization, geographic location, or other 

relevant criteria, thereby supporting targeted healthcare discovery.  

 

The fourth and final section is the “Information” page, which serves as a repository of scientific 

literature and recent medical advancements. Users may explore diverse topics, including specific 

research areas or emerging trends in medicine, thereby facilitating access to authoritative 

knowledge sources. Collectively, this interface supports comprehensive health-related 

information access and personalized analysis through a multi-functional design.  

 

 
 

Figure 1. Overview of the solution  

 

An AI-powered chat system has been developed to address medical inquiries from users. This 

system leverages the ChatGPT API, a large language model employing natural language 

processing [9]. Its extensive general knowledge base enables it to effectively respondto a wide 

range of medical questions, providing users with informative answers. 
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Figure 2.  Screenshot of health assistant  

 

 
 

Figure 3. Screenshot of code 1  

 

The _sendMessage() method manages the entire conversation flow. It first checks if the user input 

is empty and returns if so. When the user submits a message, the text is added to the local 
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messages list and displayed in the chat interface, while _isTyping is set to true to show a loading 

indicator.  

 

The code then determines the user’s preferred language (English or Chinese) and selects an 

appropriate system prompt to ensure the AI responds professionally and bilingually. Next, it 

makes an HTTP POST request to the OpenAI GPT-4 API, sending both the system prompt and 

the user’s message in JSON format [10]. The request specifies parameters such as maximum 

tokens and temperature for response control. When the API returns a successful response, the 

assistant’s message is parsed from the JSON and appended to the chat. Finally, setState() updates 

the UI, displaying the AI-generated answer and stopping the typing indicator.  

 

The second component is a sophisticated medical resource searching system. It enables users to 

locate doctors and hospitals by employing various search parameters. The system interfaces with 

a backend database through HTTP requests to retrieve and display the relevant information, 

providing a seamless experience for the user.  

 

 
 

Figure 4. Screenshot of medical facilities  

 



148                                   Computer Science & Information Technology (CS & IT) 

 
 

Figure 5. Screenshot of code 2  

 

The _searchMedicalFacilities() function manages the process of locating healthcare facilities. 

When a search query is submitted, it first sets the UI state to “loading” and clears old results. It 

then applies three sequential strategies: (1) an enhanced OpenStreetMap search, (2) a 

medicalspecific search, and (3) a fallback broad location search if the first two return no results. 

Each attempt runs inside a try-catch block, ensuring the system remains stable even if one service 

fails. Once results are gathered, duplicates are removed by creating unique keys based on latitude 

and longitude. The filtered list ensures that the same facility does not appear multiple times. 

Finally, the cleaned results are stored in _results and the loading state is reset. This design ensures 

robust performance, gracefully handling missing data sources while prioritizing medical facilities. 

It provides patients with accurate, location-based access to hospitals and doctors across major 

Chinese cities.  

 

The final component is a file uploading system that allows users to submit their medical test 

results for AI-driven analysis. The backend artificial intelligence is capable of processing file-

based data, not limited to text, enabling it to interpret the results and provide users with insightful 

feedback and analysis.  
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Figure 6. Screenshot of genetic test analysis  

 

 
 

Figure 7. Screenshot of code 3  

 

The _analyzeImage() method manages the entire workflow of genetic test interpretation. It first 

checks whether an image has been selected, warning the user if not. Once an image is chosen, the 

file is read as bytes and encoded into a base64 string, ensuring compatibility with API requests. 

Next, the system sets a context-sensitive system prompt in either English or Chinese, instructing 

GPT-4 to act as a medical expert analyzing genetic test reports. The code then sends an HTTP 
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POST request to the OpenAI API, packaging the prompt along with the base64-encoded image. 

Parameters such as max_tokens and temperature control the length and variability of the response. 

If successful, the returned analysis provides detailed insights, including test type, interpretation, 

risk assessment, and recommendations. Finally, the method updates the UI state, displaying the 

AI’s results to the user. This design enables a powerful, bilingual, AI-driven medical data 

interpretation workflow. 

 

4. EXPERIMENT 
 

This experiment tests the accuracy of the AI Doctor’s responses to medical queries related to rare 

diseases. Since accuracy and safety are crucial for patient-facing applications, we aim to verify 

whether the AI consistently provides appropriate, safe, and informative answers. Validating 

accuracy ensures patient trust and prevents harmful misguidance.  

 

We designed 20 input queries covering diverse scenarios in rare diseases, including symptom 

descriptions, requests for specialist recommendations, and test interpretations. For each query, we 

prepared an expected “safe and appropriate” output that included: (1) condition-related 

information, (2) guidance to consult professionals, and (3) disclaimers about limitations. The 

system’s actual outputs were recorded and compared to these expectations. We included both 

English and Chinese inputs to test bilingual performance. This variety ensures coverage of 

diagnostic queries, disease explanations, hospital search requests, and lifestyle guidance. Testing 

across categories highlights strengths and exposes limitations, ensuring the evaluation is both 

rigorous and fair.  
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Figure 8. Table of experiment  

 

 
 

Figure 9. Figure of experiment  

 

The system successfully handled the majority of inputs, delivering 85–90% accurate responses. It 

excelled at providing disease explanations, specialist recommendations, and bilingual outputs. 

Most errors occurred in highly specialized genetic testing queries, where the AI occasionally 

oversimplified results or omitted key disclaimers. Common inaccuracies stemmed from the AI’s 

difficulty with nuanced diagnostic distinctions, such as differentiating between overlapping 

syndromes. Despite these limitations, the AI consistently included a safety disclaimer, which 

mitigated risks. The results confirm that the system can function as a supportive health guide, 

though not as a replacement for clinical expertise. Its reliability in urgent/emergency scenarios  

 

(e.g., advising ER visits) was a notable strength. With additional human-in-the-loop verification 

and more curated medical data, the system’s accuracy could improve further. Overall, the 
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experiment validates the app’s potential to provide meaningful, accessible support for rare disease 

patients while highlighting areas needing refinement.   

 

5. RELATED WORK 
 

The paper “Artificial Intelligence in Rare Diseases: Leveraging Machine Learning for Diagnosis 

and Treatment” by Zhang et al. (2023) discusses how AI models trained on large biomedical 

datasets can be fine-tuned to identify rare diseases and suggest personalized treatment paths [11]. 

Their project emphasizes using structured genomic and clinical data to improve diagnostic 

accuracy. Compared to this, our system focuses more on accessibility — enabling patients to 

upload images, ask questions, and connect directly with experts in a bilingual interface. Unlike 

Zhang et al.’s research, which is data-heavy and clinician-oriented, our app prioritizes usability 

for underserved patients, offering immediate guidance, simplified research insights, and 

networking features. This makes our system more practical for real-world deployment among 

non-specialist users.  

 

Germain et al.'s (2025) study, “Applying Artificial Intelligence to Rare Diseases: A Literature 

Review”, investigates retrospective and prospective AI techniques applied to Fabry Disease 

diagnosis, illustrating how models can identify overlooked rare diseases in large datasets [12]. 

Those approaches are specialized and domain-specific, aiming to improve detection within 

clinical or research environments. In contrast, our system is general-purpose, handling a broad 

range of rare disease queries—ranging from symptom interpretation to expert referrals—without 

needing disease-specific training. This wider scope and user-oriented design make our app more 

versatile and adaptable to diverse patient needs outside of controlled research contexts.  

 

In “Rare Disease Differential Diagnosis with Large Language Models at Scale,” Schumacher et 

al. (2025) introduce RareScale, a hybrid system combining expert knowledge with LLM-

generated suggestions to significantly improve rare-disease differential diagnosis accuracy—

boosting top-5 accuracy by over 17% across 575 rare diseases [13]. Their sophisticated diagnostic 

pipeline is powerful but requires expert curation and infrastructure. Our AI Doctor, while less 

precise in differential diagnosis, prioritizes integration into a mobile app for lay users, with 

features like bilingual replies and a strong disclaimer model. By targeting usability and safety for 

nonprofessional users, our system complements solutions like RareScale by addressing real-world 

accessibility rather than solely diagnostic accuracy.  

 

6. CONCLUSIONS 
 

A significant limitation of the application is the immense risk associated with the AI's 

interpretation of genetic test results from an image. The accuracy of both the image-to-text 

conversion and the subsequent LLM analysis is not guaranteed, which could lead to critical 

misinterpretations of sensitive health data [14]. Furthermore, the application handles highly 

personal information, presenting substantial data privacy and security challenges. The utility of 

the expert directory and information repository is also limitedby the comprehensiveness and 

currency of their databases.  

 

Given more time, the primary focus would be on validating the genetic analysis feature. This 

would involve rigorous testing and implementing a "human-in-the-loop" system, where qualified 

genetic counselors verify the AI's findings before they reach the user [15].  
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In the future, the program could be expanded to integrate with telehealth services, allowing users 

to seamlessly connect with specialists based on their results. Further expansion could include 

secure integration with electronic health records for more holistic and personalized insights.  

 

If starting over, the project would begin with a narrower scope, focusing first on building a robust 

and reliable medical information and expert directory. The high-risk genetic analysis feature 

would be introduced later, developed with a foundational "safety-first" approach that prioritizes 

clinical validation and expert oversight from the outset.  
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