


The Relationship and Role of Proactive Medicine in Kawasaki Disease and Related Infectious Immunological Diseases


Abstract:
Kawasaki Disease (KD) is an acute systemic vasculitis disease that commonly affects children under the age of 5. Its pathogenesis essentially involves a pathological process driven by both infectious factors and immune abnormalities, and it has a core pathological association with infectious immune diseases. This article will analyze the interaction between the two in active medicine from four aspects: their core relationship, supporting mechanism, convergence points, and mutual promotion value. From the perspective of active medicine, this association provides a key target for disease prevention and control. KD is a typical manifestation of the pathological mechanism of infectious immune diseases, and active medicine, by targeting infection prevention, immune regulation, and early intervention, has constructed a full-chain prevention system from risk warning to complication prevention, providing an important paradigm for the clinical management of such immune-mediated diseases. The study concludes that in the active medical system, Kawasaki disease and infection-related immune disorders have a deep binding relationship of "typical subtypes and broad categories, benchmark practices and general theories", and also a classic clinical paradigm of "theory guiding practice and practice feeding back to theory". 
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Introduction
The core of proactive medicine is to shift the focus of medicine from passive treatment to proactive health maintenance, guided by the principle of "prevention first, moving the threshold forward, and integrating medical care and prevention", relying on multi-dimensional health perspectives, intention-driven approaches, and intelligent closed-loop systems, to achieve collaborative optimization of individual - system - environment health [1, 2]. The focus of Proactive Medicine is not only on the lifestyle of individuals but also on the transformation of the entire medical ecosystem and the concept of human health. In terms of intervention timing, Proactive Medicine pursues true "upstream" intervention: it covers the entire life cycle of a person, taking active measures from before a disease occurs, greatly moving the health checkpoint forward, and even extending to various stages such as genetic inheritance, fetal development, adolescent health education, middle-aged risk prevention, elderly care, and even end-of-life care [26, 27]. Kawasaki disease (KD) is a specific immune disorder in children triggered by infection, and it is a typical representative of infection-related immune diseases in the field of pediatrics [3]. Based on the epidemiological and clinical characteristics of KD, the aetiology of KD may involve certain strains of the human microbiota. KD, MIS-C, and other infection-related diseases may be elicited by substances derived from infected cells, including toxins, pathogen-associated molecular patterns (PAMPs), damage-associated molecular patterns (DAMPS), and pathogenic proteins and peptides [28, 29,30]. The two have a core relationship of "typical cases and broad categories, concrete practice and general paradigms" in the proactive medicine system. Proactive medicine for infection-related immune diseases provides a general theoretical framework, core intervention logic, and technical tools for Kawasaki disease, while Kawasaki disease, through the concrete implementation in pediatric clinical practice, the optimization of specific targets, and the verification of practical effects, contributes to the improvement and expansion of the paradigm and field of proactive medicine for infection-related immune diseases. The two support each other and mutually confirm each other, jointly promoting the clinical transformation and application deepening of proactive medicine in the infection-immunity pathogenesis chain.
In summary, the active medical approach for infection-related immune diseases is a "general methodology" [4]. Kawasaki disease serves as the "benchmark practice site" for this methodology in pediatric cardiovascular immune emergencies. The clinical exploration of Kawasaki disease has transformed the active medical approach for infection-related immune diseases from a "general principle" into a "practical plan that can be implemented and replicated", while the theoretical upgrading of infection-related immune diseases provides a more systematic evidence-based basis and technical iteration direction for the active medical approach of Kawasaki disease. This article will analyze the relationship and role of the two in active medicine from four dimensions: the core relationship definition, the mechanism of mutual support, the core convergence point of collaboration and implementation, and the mutual promotion value of clinical practice.

1. Core Relationship Definition: Hierarchical and Categorization of Kawasaki Disease and Infection-Related Immune Disorders
The core pathogenesis of Kawasaki disease is the disruption of the specific immune tolerance in children triggered by infection with unknown pathogens (viruses/mycoplasma/bacteria, etc.), leading to dual disorders of innate and adaptive immunity, with systemic small-vessel inflammation as the core pathological change and coronary artery injury as the most severe complication [5]. Its onset fully conforms to the classic pathogenesis chain of infection-related immune diseases, which is "infection as the trigger, immune disorder as the core, and target organ damage as the result". It is a typical subtype of this large category of diseases that is specific to pediatrics, characterized by vasculitis, and with coronary artery injury as the specific target organ [6]. The hierarchical and attribution relationship between the two is clear, and the specific relationship is as follows:
①Categories: Kawasaki disease belongs to an important type of infection-related autoimmune diseases, and it falls under the "infection-triggered autoimmune inflammatory vascular disease" subcategory. It is classified along with rheumatic fever, post-streptococcal glomerulonephritis, EB virus-related autoimmune diseases, etc., within the category of infection-related autoimmune diseases [7]. ②Feature matching: Kawasaki disease fully conforms to the core characteristics of infection-related autoimmune diseases: infection is the initiating factor, immune disorder is the key to the onset, and target organ damage is the final outcome. Without an infection trigger, immune disorder cannot be initiated, and without excessive immune activation, there would be no vasculitis and coronary artery damage. ③ Individual differences: Kawasaki disease has specific characteristics for children (frequently occurring in children under 5 years old), specific target organs (coronary artery as the core target organ), and specific types of immune disorder (with mononuclear/macrophage activation and IL-6/TNF-α inflammatory factor storm as the core). It is a special type of infection-related autoimmune disease with strong age targeting, concentrated target organ risks, and an extremely short intervention window. This also makes it the best clinical validation carrier for the active medical concept of "moving the treatment threshold forward and providing precise intervention".
2. The mechanism of bidirectional support: The core interaction between the two in active medicine
Under the core paradigm of "forward movement of the medical intervention, risk prediction, systematic intervention, and full-cycle closed-loop", infection-related immune diseases and Kawasaki disease form a "theoretical guidance for practice, and practice feeding back to theory" two-way support. This is the most core functional relationship between the two, and it is also the key logic for the implementation of active medicine in the field of infection-immunity [9].
(1) Active medical treatment for infection-related immune disorders: Providing a universal theoretical framework and core intervention pathways for Kawasaki disease.
The active medical approach related to infection-related immune diseases is based on the "infection-immunity-injury" three-level chain and constructs a universal intervention logic of "prevention-triggering before infection, blocking activation during infection, precise regulation after infection, and comprehensive prevention of recurrence and transformation throughout the entire process". This is the underlying theoretical basis of the active medical approach for Kawasaki disease and directly guides the clinical practice of Kawasaki disease. Specifically, it is implemented as the core intervention path of Kawasaki disease:
① By drawing on the logic of "pre-infection risk stratification", the active medical treatment for Kawasaki disease targets high-risk groups such as boys under 2 years old, HLA-B51 susceptible gene carriers, and children with low immune baseline, implementing targeted infection prevention and reducing triggering factors [10]. ② By drawing on the golden window concept of "early infection identification + blocking immune activation", the active medical treatment for Kawasaki disease focuses on the treatment window period within 10 days of onset, using AI to identify incomplete cases and early and adequate IVIG use to block the inflammatory factor storm and the progression of vasculitis [11]. ③ By drawing on the principle of "precise immune regulation after infection", the active medical treatment for Kawasaki disease implements stratified intervention for IVIG-resistant patients (hormones / biological agents), avoiding excessive immunosuppression, and targeting the protection of coronary target organs. ④ By drawing on the "closed-loop management throughout the entire cycle" model, the active medical treatment for Kawasaki disease builds an intelligent monitoring system for the acute phase - recovery phase - long-term follow-up, warning of the progression of coronary injury and disease recurrence, and achieving an extension from acute-phase treatment to long-term cardiovascular health maintenance.
Meanwhile, general technical tools such as AI risk assessment for infectious-related immune diseases, multi-omics detection, and real-time IoT monitoring, which are applicable to active medical treatment for infectious diseases, are directly adapted to Kawasaki disease and become the technical support for active medical treatment of Kawasaki disease. For example, the AI risk prediction model is optimized into a prediction model for IVIG resistance in Kawasaki disease, and immune cell subpopulation detection is used for the classification of immune disorders in Kawasaki disease [12].
(2) Kawasaki Disease Active Medicine: Provides pediatric practical experiences and paradigm verification for infectious-related immune disorders, and contributes to the improvement of theoretical understanding.
   Kawasaki disease, as an acute representative of pediatric infectious-related immune disorders, the clinical implementation of its active medical approach represents the first concrete application of the general theory of infectious-related immune disorders in the pediatric population, emergency scenarios, and specific target organs. This not only verifies the feasibility and effectiveness of the active medical approach for infectious-related immune disorders, but also supplements key details such as age-appropriate, emergency-appropriate, and target-organ-appropriate adaptations through the unique demands of pediatric clinical practice. It contributes to the improvement of the theoretical framework and paradigm of broader diseases, with the core contributions being as follows:
①It has verified the core value of "precise intervention during the window period" in infectious-related immune diseases.
The onset of Kawasaki disease occurs within 10 days, which is the golden window for treatment [13]. The clinical characteristic that the risk of coronary artery damage sharply increases beyond the window period directly confirms the theoretical assumption that "blocking immune activation during infection is the core key" in infectious-related immune diseases, providing a clinical basis for defining the intervention window for other infectious-related immune diseases (such as rheumatic fever, glomerulonephritis), and promoting the active medical treatment of infectious-related immune diseases to list "window period intervention" as a core principle.
②Added a dedicated paradigm for "child group infection - immunization intervention".
The immune system of children is not yet fully developed, and the progression of immune disorders after infection is faster, the damage to target organs is more concealed, and the long-term effects are more persistent [14]. The active medical treatment for Kawasaki disease, which is specifically constructed based on the characteristics of children, includes "primary diagnosis at the grassroots level + rapid referral + pediatric-specific immunization regulation plan", filling the gap in the "age-based intervention" of active medical treatment for infection-related immune diseases. This enables it to upgrade from "general for adults" to "suitable for all populations", and can be directly extended to other pediatric infection-related immune diseases such as rheumatic fever and post-mycoplasma infection immune pneumonia [15].
③ The intervention logic of "specific target organ targeted prevention and control" has been improved.
The core pain point of infection-related immune diseases is the high specificity of target organs for different diseases. The active medical treatment for Kawasaki disease, which is centered around the coronary artery target organ, has developed an exclusive plan of "continuous coronary artery monitoring + targeted antithrombosis + long-term cardiovascular maintenance", providing an operational template of "determining the target organ based on the disease and targeted prevention of damage" for active medical treatment of infection-related immune diseases. By upgrading it from "general immune regulation" to "immune regulation + target organ protection" dual intervention logic, it can be directly applied to diseases such as post-streptococcal glomerulonephritis (kidney target organ) and rheumatic fever (heart valve target organ) [16].
④ It has provided practical experience in implementing "Emergency Infection - Active Medical Treatment for Immune Diseases".
Kawasaki disease has an acute onset and rapid progression. If not intervened promptly, it can lead to irreversible coronary damage, which belongs to the emergency type of infection-related immune diseases [17]. The active medical model constructed by "AI rapid screening + primary-level - tertiary hospital hierarchical diagnosis + acute phase precise breakthrough" for emergency treatment of infection-related immune diseases provides replicable emergency management experience for other emergencies (such as post-infection inflammatory factor storm, severe autoimmune hemolytic anemia) in infection-related immune diseases.

3. The core convergence point of collaborative implementation: The common practical principles of both in active medicine
   Kawasaki disease and infection-related immune disorders can achieve efficient theoretical and practical synergy in active medicine. The key lies in the fact that both are fully in line with the four core operational principles of active medicine. These principles are not only the common requirements for infection-related immune disorders but also the clinical necessities for Kawasaki disease, serving as the operational link that supports both [18]. The specific relationship is as follows:

Table 1: The specific relationship 

	[bookmark: OLE_LINK1]Core practical principles of proactive medicine
	General requirements for infectious-related immune diseases
	the clinical necessity of Kawasaki disease
	alignment with value

	Shift the checkpoints forward and give priority to the window period.
	Based on factors such as susceptibility to infection, immune baseline, and genetic risk, the population should be divided to avoid a one-size-fits-all approach.  
	The 10-day period after onset is the golden window for preventing coronary artery damage, and it is necessary to identify and intervene as early as possible.
	To provide a clear time orientation for the emergency intervention of Kawasaki disease and to give a concrete time scale to the general principles.

	Risk stratification, individualized intervention
	Targeted screening and protection are carried out for specific target organs related to different diseases. 
	It is necessary to distinguish between high/low risk of IVIG resistance and high/low risk of coronary artery injury, and to formulate stratified treatment plans. 
	This enables individualized treatment for Kawasaki disease to have a clear guideline, and also makes the stratification standards for infection-related immune diseases more specific.

	Target organ orientation, with prevention of damage as the priority
	Targeted screening and protection are carried out for specific target organs of different diseases. .
	With the coronary artery as the core target organ, continuous monitoring and early protection are implemented to prevent irreversible damage. 
	The intervention for Kawasaki disease becomes more targeted, and the intervention for immune-related infectious diseases is upgraded from "only controlling immunity" to "controlling immunity + protecting organs".

	Full-cycle closed-loop, medical and prevention integration
	From infection prevention to long-term rehabilitation, integrate multiple disciplines / grassroots levels to achieve continuous management. 
	From acute-phase treatment to cardiovascular health maintenance in adulthood, long-term follow-up and prevention of recurrence / complications are required. 
	This will significantly improve the long-term prognosis of Kawasaki disease and also enable the management of infection-related immune diseases to break free from the limitations of "periodic treatment".



4. The mutual promotion value of clinical practice: The two work together to promote the popularization and expansion of proactive medicine in the field of infection and immunity.
Kawasaki disease and infection-related immune disorders have a bidirectional support in active medicine, ultimately leading to mutual promotion and progress in clinical practice. This not only enhances the respective diagnostic and therapeutic levels of both, but also enables active medicine to achieve "from single disease types to a wide range of diseases, from pediatrics to all departments, from acute to chronic diseases" in the field of infection-immunity. Its core clinical value is manifested in two aspects:
(1) The clinical value of Kawasaki disease: From "passive symptomatic treatment" to "active and precise prevention and control" paradigm upgrade.
Based on the universal framework of active medicine for infectious-related immune diseases, Kawasaki disease has completely abandoned the passive mode of the traditional "fever investigation → IVIG treatment after diagnosis → follow-up to detect coronary artery damage and then re-treatment", and upgraded to an active prevention and control model of "prevention for high-risk groups in advance → early symptom screening → precise treatment during the window period → prevention of damage throughout the entire period". The clinical effectiveness has been verified: the recognition rate of incomplete Kawasaki disease has increased by more than 40%, and the diagnosis time has been advanced by 2-3 days; the resistance rate of IVIG has decreased by 30%-50%, and the incidence of coronary artery damage has dropped from 20% to below 4%; the long-term coronary events and cardiovascular disease risks have been reduced by 50%, and the quality of life of the children has significantly improved after adulthood [19].
(2) Clinical value for infectious-related immune disorders: From "theoretical framework" to the implementation of "multi-disease type replicable solutions".
Based on the benchmark practice of Kawasaki disease, the general methodology of active medical treatment for infection-related immune diseases was rapidly replicated and optimized to other diseases, achieving an expansion from "single disease practice" to "full coverage of multiple diseases". For example: drawing on the IVIG resistance prediction model of Kawasaki disease, a prediction model for heart valve damage in rheumatic fever was developed; drawing on the coronary artery monitoring scheme of Kawasaki disease, a dynamic monitoring scheme for renal function in post-streptococcal glomerulonephritis was formulated; drawing on the pediatric hierarchical diagnosis and treatment model of Kawasaki disease, a collaborative intervention plan for immune pneumonia caused by mycoplasma infection at the grassroots and specialized levels was constructed; drawing on the stratified regulation scheme of inflammatory factor storm of Kawasaki disease, the usage standards for immunomodulators for autoimmune diseases after COVID-19 were optimized [20].
Meanwhile, the multi-disciplinary collaborative experience of Kawasaki disease active medicine in pediatrics, infectious diseases, cardiology, and immunology has provided a practical template for multi-disciplinary integration in the active medicine of infectious-related immune diseases, promoting its realization of a multi-disciplinary collaborative closed loop in clinical practice, where "infectious diseases control the causes, immunology adjust the disorders, and specialized departments protect the target organs" [21].

5. Key Boundaries: The Uniqueness and Applicability of Kawasaki Disease in the Active Medical Field of Infection-related Immune Disorders.
   The collaboration of the two does not involve "directly copying the Kawasaki disease treatment plan". It is necessary to clearly understand the unique clinical characteristics of Kawasaki disease [22], and avoid blindly applying its practical experience in infection-related immune diseases. The core boundaries are as follows: ①Age boundary: Kawasaki disease is more common in children under 5 years old, and its immune disorder is highly related to the immature immune function of children. The related intervention plans (such as IVIG dosage, timing of hormone use) cannot be directly applied to adult infection-related immune diseases [23]. ②Target organ boundary: Kawasaki disease mainly involves small and medium-sized vasculitis throughout the body and coronary artery damage. Its target organ protection plans (such as antiplatelet treatment, coronary artery ultrasound monitoring) are only applicable to vasculitis-type infection-related immune diseases and cannot be directly applied to diseases involving target organs such as the kidneys, liver, and blood system [24]. ③Intervention window boundary: The 10-day golden treatment window of Kawasaki disease is a unique time feature of it [25]. The intervention windows for other infection-related immune diseases need to be redefined according to the disease type (such as rheumatic fever is 3-4 weeks after infection, and glomerulonephritis is 1-2 weeks after infection).
   In summary, the practical experience of Kawasaki disease is "it can be learned from, adapted to, but not simply copied". For active medical treatment related to infectious immune diseases, it needs to be based on this, and personalized optimization should be carried out according to the age, target organs, and pathogenesis of different diseases, so as to achieve true implementation.

6. Conclusion 
   In the active medical system, Kawasaki disease and infection-related immune disorders have a deep binding relationship of "typical subtypes and broad categories, benchmark practices and general theories", and also a classic clinical paradigm of "theory guiding practice and practice feeding back to theory". The active medical approach for infection-related immune disorders provides the underlying intervention logic, general technical tools, and full-cycle management framework for Kawasaki disease, upgrading the active prevention and control of Kawasaki disease from "fragmented clinical experience" to "a systematic diagnosis and treatment system". Kawasaki disease, through concrete practices such as pediatric emergencies, specific target organs, and intervention during the window period, verifies the core assumptions of the active medical approach for infection-related immune disorders, and supplements key details such as age stratification, targeted organs, and emergency management. This promotes it to upgrade from "a general theory" to "an operational methodology applicable to the entire population, multiple diseases, and practical implementation".
   The synergy of these two aspects not only made Kawasaki disease a benchmark disease for active medical treatment of pediatric infectious-related immune disorders, but also enabled the active medical treatment of infectious-related immune disorders to achieve paradigm refinement and clinical expansion across children and adults, acute and chronic diseases, and different target organ diseases. Ultimately, it promoted the comprehensive transformation of active medicine in the core pathogenic chain of infection-immunity from "passive treatment" to "active prevention and control", providing replicable and scalable solutions to address the high incidence challenges of infectious-related immune diseases.
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