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Abstract

Objective  To study the driving role of the deployment and application of the national infectious disease
monitoring and early warning front-end software in enhancing the management mode and efficiency of med-
ical institutions, and to provide more theoretical support and practical reference for the establishment of
digital medical management system in the new era. ~ Methods  To analyze the technical principles and
core functions of the National Infectious Disease Surveillance and Early Warning Front-end Software, and
to reveal the driving role of the National Infectious Disease Surveillance and Early Warning Front-end Soft-
ware related technologies in the medical management mode of organizational structure, workflow, infor-
mation management, personnel responsibilities, and resource allocation through the analysis of systematic
literature and theoretical retrospective causes.  Results ~ The deployment and application of national in-
fectious disease surveillance and early warning precursor software will drive the transformation of healthcare
organizations' management model to data intelligence, but the change may face challenges such as techno-
logical integration, organizational inertia, and ethical risks. = Conclusion = The hospital management
model driven by the NIDSS is transforming from “experience-driven” to “data-intelligence-driven”, and the
change of its management model is essentially a self-adaptive revolution of healthcare organizations into the
era of digital healthcare, which requires the use of intelligent algorithmic modeling technology, organiza-
tional inertia, and ethical risks. It is necessary to make breakthroughs in intelligent algorithmic modeling
technology, digital literacy competence certification and data regulatory innovation system to build a modern
medical management system that combines “level and urgency”.
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1. Introduction emerged or re-emerged viruses is not constrained

Due to the fact that the transmission of newly by geographical boundaries [, coupled with the
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frequent emergence of new and re-emerging infec-
tious diseases and the increasing intensity of cross-
border mobility, the global landscape of infectious
disease prevention and control has become increas-
ingly complex and diverse [?). In recent years, with
advancements in infectious disease surveillance
technologies and management practices, significant
progress has been achieved in disease prediction
models and case tracking systems leveraging big
data and artificial intelligence [*]. Desjardins [l were
among the first to apply prospective spatio-tem-
poral scan statistics for clustered monitoring and
early warning of the COVID-19 pandemic in the
United States, enabling timely identification of lo-
cations and time periods requiring enhanced tar-
geted interventions, testing site deployment, and
necessary isolation measures. In China, emphasis
has been placed on improving surveillance effi-
ciency through information technology. For exam-
ple, Yang Weizhong et al. from Peking Union Med-
ical College B! proposed the establishment of a
multi-source trigger mechanism and a multi-chan-
nel monitoring and early warning system for intel-
ligent detection of infectious diseases. By system-
atically designing strategic frameworks for infec-
tious disease surveillance and early warning, efforts
are underway to build a unified national intelligent
early warning platform and a blockchain-based
management system for integrating multi-channel
data, thereby enhancing real-time analysis, central-
ized evaluation, and early response capabilities for
infectious diseases.

Against this backdrop, the National Disease Con-
trol and Prevention Administration has launched a
pre-deployed software system for intelligent moni-
toring and early warning of infectious diseases, im-
plemented through integrated deployment within
medical institutions in accordance with national
unified standards, aiming to improve the timeliness
and accuracy of infectious disease surveillance (6],
As a public health information solution integrating
big data analytics and intelligent modeling algo-
rithms, the National Intelligent Monitoring and
Early Warning System for Infectious Diseases not

only streamlines the surveillance and early warning
workflow but also facilitates comprehensive trans-
formation and upgrading of institutional manage-
ment practices in healthcare settings. This study
aims to examine the application and transformative
impact of this national intelligent monitoring and
early warning system, and to explore its potential in
supporting medical institutions to achieve precise
prevention and control strategies and enhance their
overall management effectiveness.

2. Overview of the National Intelligent Infectious
Disease Monitoring and Early Warning Pre-De-
ployment Software

2.1 Technical Principles

The National Intelligent Infectious Disease Moni-
toring and Early Warning Pre-Deployment Soft-
ware employs a three-tier network architecture
comprising an internal network, government extra-
net/VPN (Virtual Private Network), and a data inte-
gration service platform. Centered on the technical
framework of "dynamic round-robin — post-struc-
tural processing — intelligent tagging," the system
establishes a real-time data collection and transmis-
sion mechanism. It primarily creates real-time data
channels with outpatient and inpatient Electronic
Medical Record (EMR) systems in medical institu-
tions via API interfaces, transmitting clinical data—
including medical records, laboratory test reports,
and treatment medications —to the software's
server component in real time (T+0) or at prede-
fined intervals (e.g., every 2 hours, T+1), in com-
pliance with the Computerized Infectious Disease
Reporting (CIDR) standard. The software utilizes
Natural Language Processing (NLP) and other ad-
vanced technologies to perform post-structural pro-
cessing on multi-modal, heterogeneous monitoring
data, enabling dynamic updates. Through continu-
ous intelligent monitoring via dynamic round-robin
scanning, the system identifies cases requiring re-
porting. Structured case data are then transmitted
via API interfaces to regional platforms and the na-
tional direct reporting system, thereby enabling
end-to-end monitoring and management.

2.2 Core Functions
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Centered on fulfilling platform service require-
ments, the National Intelligent Infectious Disease
Monitoring and Early Warning Pre-Deployment
Software integrates five key functional modules:
data

closed-loop management, visualized collaboration,

interoperability, intelligent surveillance,
and system security. Supporting seamless coordina-
tion across server, PC, and mobile endpoints, the
system functions as an intelligent hub for infectious
disease monitoring, facilitating the principles of
"early detection, early warning, and early re-
sponse."

2.2.1 Positive Result Alert

The software assigns a “to be confirmed” tag to
flagged cases. By continuously monitoring the La-
boratory Information System (LIS), it detects spec-
imens with positive results and automatically trig-
gers a “to be confirmed” alert, initiating timely
case tracking and follow-up procedures.

2.2.2 Automated Reporting

The system automatically extracts relevant clinical
data from the Hospital Information System (HIS)
and Electronic Medical Record (EMR) systems,
generates standardized infectious disease report
cards, and performs automated preliminary valida-
tion to ensure data completeness and accuracy prior
to submission.

2.2.3 Abnormality Detection Alert

Leveraging artificial intelligence-driven algorith-
mic models, the software analyzes integrated health
data streams to detect anomalous trends indicative
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of potential outbreaks. Upon identifying statisti-
cally significant deviations, it activates the early
warning mechanism and notifies public health mon-
itoring units and disease control agencies, facilitat-
ing coordinated investigation and timely interven-
tion.

2.3 Application Status

The national intelligent monitoring and early warn-
ing front-end software for infectious diseases is led
by the National Disease Control and Prevention Ad-
ministration and implemented and operated by the
Chinese Center for Disease Control and Prevention.
It adopts a division of labor and collaboration ap-
proach, with the state responsible for software de-
velopment and upgrade improvement, and prov-
inces coordinating regional organization and de-
ployment for implementation. Since the National
Disease Control and Prevention Administration is-
sued relevant documents such as the "Notice on the
Deployment of the National Intelligent Monitoring
and Early Warning Software for Infectious Dis-
eases" in July 2024, the integration and deployment
rate in secondary and above medical institutions
across the country has reached 71% ). The promo-
tion of the National intelligent monitoring and early
warning software for infectious diseases will fur-
ther extend to primary-level medical and health in-
stitutions in the future. The ultimate goal is to
achieve full coverage of the deployment and appli-
cation of national front-end software in medical in-
stitutions at all levels and of all types.
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3. The transformation path of medical institu-
tion management model based on front-end soft-
ware

At present, big data analysis technology has be-
come a key pillar in the healthcare field. Based on
the in-depth mining of massive patient data, medi-
cal institutions can achieve real-time data monitor-
ing and dynamic process management ¥, By using
predictive analysis models, the fluctuation trends of
admission rates in different periods can be predicted
in advance, medical resources can be intelligently
allocated and managed, and the operational effi-
ciency of medical institutions can be improved P,
Therefore, the multi-source data integration and
analysis early warning technology of the national
intelligent monitoring and early warning software
for infectious diseases also provides underlying
support for the transformation of the management
model of medical institutions. For instance, its data
collection and analysis function can promote the au-
tomation transformation of the outpatient triage
process in medical institutions and the automatic
classification and handling of patient complaints
through natural language processing (NLP) tech-
nology "%, The following will systematically ex-
pound on the reshaping path of the management
model of medical institutions based on the technical
advantages of the national intelligent monitoring
and early warning software for infectious diseases.
3.1 Path for Organizational Structure Reshaping
Research shows that a solid organizational manage-
ment structure is a key factor in realizing emerging
technologies such as health big data analysis ['!],
Therefore, a clear organizational structure with
well-defined responsibilities is a key constraint for
the implementation of these technologies. If a digi-
tal transformation strategy committee is established,
directly led by the president and with the chief data
officer as the executive secretary, the decision-mak-
ing power of the medical, information and research
departments will be integrated. At the same time, a
digital governance sub-committee will be set up,
with a data ethics review group, an Al clinical ap-
plication evaluation group and a cybersecurity
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emergency response group under it. At the business
level, a front-middle-back architecture was estab-
lished. The front end merged the outpatient depart-
ment and inpatient department into a patient service
center and added an intelligent guidance robot dis-
patching position. The middle end upgraded the in-
formation Department to a data middle platform de-
partment, which included a process reengineering
group, an algorithm training group, and an Internet
of Things operation and maintenance group. The
back end reorganized the Science and Education
Department into a Digital Medicine research insti-
tute, specializing in the development of clinical de-
cision support systems. At the same time, during the
reform of the job system, a dual-track promotion
channel has been set up, namely the clinical path
(physician — chief physician) and the technical
path (data specialist — chief information scien-
tist). Four key roles have been newly added: clinical
information scientist (a compound talent of clinical
and data), algorithm responsibility physician (clini-
cal supervisor of Al models), digital process engi-
neer (expert in medical business process transfor-
mation), and Internet of Things nursing specialist
(person in charge of intelligent equipment operation
and maintenance). As studied by Terhi-Maija Isa-
kov ['? et al., it is believed that the digital transfor-
mation of organizational management in hospital
home care can enhance the overall efficiency of the
healthcare system and promote equity and universal
access to high-quality healthcare for the public.

3.2 Workflow Reengineering Path

The core function of medical and health services is
to meet the health needs of the people. However,
with the transformation and upgrading of health de-
mands and the increase of health risk factors, the
focus of medical and health services has shifted
from "treatment-centered" to "prevention-centered"
health intervention methods [!3]. Therefore, the op-
timization of medical service processes mainly fo-
cuses on two aspects: the outpatient and inpatient
work processes. The optimization of the outpatient
workflow mainly lies in the data analysis capabili-

ties and dynamic risk perception capabilities of the
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front-end software to conduct key tests on high-risk
patients, thereby achieving the forward movement
of examinations and tests. At the same time, when
prescribing, the automatic recognition and analysis
capabilities of the front-end software can be utilized,
and a medication risk interception mechanism can
be added to achieve the function of intercepting
drug interaction risks. The optimization of the inpa-
tient management workflow mainly lies in generat-
ing a visual progress prediction board for the pa-
tient's disease course based on the visualization
function of the front-end software, automatically
generating the patient's recovery curve and risk
warning prompts, and being able to conduct health
intervention for high-risk patients in advance ac-
cording to the risk warning prompts. For instance,
Thomas Hugle ['*] confirmed the feasibility of the
digital nursing path by sorting out and planning the
internal workflow of the hospital after digital trans-
formation around EMR.

3.3 Information Management Reshaping Path

The difficulty of hospital informatization lies in the
long-standing problem of interaction and data inte-
gration among "siloed" heterogeneous systems 3],
Therefore, for the efficient management and appli-
cation of medical data, the deployment method of
front-end software can be referred to, and the prob-
lem can be solved by building a three-level manage-
ment system of data center - intelligent application
- ecosystem collaboration. Firstly, a hybrid cloud
architecture is adopted to build the medical data hub.
The core business systems are retained for local de-
ployment, and the data analysis layer is migrated to
a dedicated medical cloud. Secondly, carry out the
system transformation project, build an API gate-
way, encapsulate the original system into micro-
services, and achieve the processing of millions of
data calls per day. At the same time, utilize block-
chain evidence storage technology to store key
medical events such as surgeries, medications, and
consultations on the chain for evidence storage, en-
suring data traceability. The final step is to build an
intelligent application matrix, establish a clinical
system embedded in the

decision support

specialized knowledge graph, create a resource in-
telligent scheduling platform for dynamic optimiza-
tion of bed, equipment and human resource alloca-
tion based on reinforcement learning, and set up a
scientific research data sandbox that provides data
desensitization and analysis tools and accelerates
the transformation of clinical research. As Radha
Nagarajan !9 found, implementing large language
models for medical institutions through a unified
cloud service architecture is expected to promote
the improvement of patient diagnosis results and
operational efficiency.

3.4 Personnel Responsibility Reshaping Path

The traditional medical position system has prob-
lems such as a single dimension of personnel capa-
bilities, low collaboration efficiency, and delayed
emergency response. Due to the long course of
treatment, high difficulty in rescue and high profes-
sional demands, the treatment of severe burns re-
quires the participation and cooperation of multiple
disciplines during the process. Establishing an inte-
grated burn treatment system and a linkage mecha-
nism among various institutions is of great signifi-
cance for improving the homogenized treatment ca-
pacity of severe burns [!7l. Therefore, against the
backdrop of the in-depth application of functions
such as big data analysis and intelligent model con-
struction in front-end software, it is necessary to
promote the expansion and reshaping of traditional
medical job responsibilities and cultivate new types
of compound position talents.

3.4.1 Clinical positions, on the basis of their origi-
nal professional capabilities, add capabilities such
as data interpretation and application of Al tools,
and transform into clinical decision-making archi-
tects, promoting the advancement of clinical deci-
sion-making towards data and intelligence.

3.4.2 The nursing position has expanded its original
nursing capabilities to include responsibilities such
as Internet of Things device management and pre-
ventive nursing, becoming a smart nursing coordi-
nator to enhance the intelligence and forward-look-
ing nature of nursing work.

3.4.3 Administrative positions should master
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process modeling and resource optimization algo-
rithms on the basis of medical quality management
capabilities, and transform into operational effi-
ciency engineers to help enhance the operational ef-
ficiency of the hospital

3.4.4 The information engineering position inte-
grates clinical knowledge on the basis of its infor-
mation technology capabilities, transforming into
an expert in medical information governance to as-
sist medical information systems in better serving
clinical practice.

3.4.5 Medical technology positions will add capa-
bilities such as Al-assisted diagnosis and predictive
maintenance of equipment on the basis of the orig-
inal technical capabilities, becoming intelligent
medical technology analysts to enhance the accu-
racy of medical technology work and the level of
equipment management.

3.5 Path for Reshaping Resource Allocation

How to rationally allocate medical resources under
the background of limited medical resources is a
difficult problem faced by all medical institutions.
Moreover, traditional resource allocation manage-
ment usually relies on the personal experience of
managers and lacks quantitative data analysis,
which easily leads to the waste of operating costs of
medical institutions ['8]. Therefore, based on the rel-
evant functions of the front-end software, the re-
shaping path of hospital resource allocation can be
transformed in aspects such as the allocation of hos-
pital beds, surgeries, medical supplies, and medical
staff.

3.5.1 Bed resource optimization relies on the func-
tions of the front-end software such as case tagging,
multi-source data fusion, and risk prediction mod-
els. By adding a hospitalization demand prediction
model, automatic bed allocation and intelligent
transfer of ICU transition wards can be achieved. At
the same time, a shared bed pool for medical alli-
ances can be constructed to transfer the demand for
chronic disease beds to grassroots institutions, ef-
fectively integrating bed resources. For instance,
Chen Songbin '] proposed a data sharing model for
medical alliances based on blockchain, which can

effectively enhance the data access efficiency and
storage space utilization rate of medical alliances.
3.5.2 Surgical resource management can be
achieved through dynamic optimization algorithms,
such as the honey Badger algorithm with Nash
Equilibrium (HBA-NE) and the visualization
model of MESS to generate an intelligent schedul-
ing system [2%0, to allocate the best surgical tasks
based on limited medical resources.

3.5.3 Medical supplies allocation can establish a
three-level inventory system of "routine - buffer -
emergency" based on the multi-source data collec-
tion and dynamic risk perception functions of the
front-end software, and construct a disease trans-
mission model in combination with artificial intel-
ligence algorithms Dynamically optimize the stor-
age and allocation of materials in response to three
situations: seasonal diseases, clusters of high-risk
diseases, and public health emergencies. For in-
stance, Emmanuel Adeoluwa Akinluyi ?'1 opti-
mized and dynamically allocated the inventory of
shared medical equipment in the UK based on the
COVID-19 intensive care medical equipment dis-
tribution platform, thereby matching the capacity of
icus with the dynamically changing clinical de-
mands.

3.5.4 Medical Staff Allocation: Relying on the
front-end software, a disease risk-driven dynamic
shift scheduling model can be established, thereby
automatically generating flexible shift scheduling
plans. At the same time, it can also be deeply inte-
grated with the hospital's human resource system.
For instance, the physician digital and intelligent
management platform built by Zhejiang Hospital by
collecting multi-dimensional data can form talent
profiles through functions such as constructing tags,
achieving precise matching between the capabili-
ties of medical staff and job requirements 22,

4. Challenges and Countermeasures

From the perspective of technical integration, the
transformation of the management model of medi-
cal institutions may encounter problems such as in-
consistent data standards of multiple heterogeneous
systems, for instance, there may be compatibility
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issues with standards like HL7, FHIR, and DICOM.
For this, the OMOP-CDM general data model pro-
posed by Christine Mary 23] et al. can be referred to
for analyzing the data of different medical institu-
tion environments. In terms of organizational iner-
tia, there may be conflicts between the goals of clin-
ical departments and information departments in
the transformation of medical institution manage-
ment models. That is, clinical departments focus on
improving diagnosis and treatment -efficiency,
while information departments pay more attention
to data quality. In this regard, Kotter's "Eight-step
Method for Change" can be adopted to implement
two-factor incentives and build a transformation al-
liance to alleviate conflicts 241,

In terms of ethics, the transformation of the man-
agement model in medical institutions may encoun-
ter problems such as insufficient interpretability of
Al decisions and difficulties in determining medical
responsibilities. For this, the Al ethical design prin-
ciples proposed by Taddeo *°! can be followed to
develop dynamic responsibility division algorithms,
establish a traceability chain for algorithm deci-
sions, and ensure that its potential is utilized while
reducing risks.

5. Summary

In conclusion, the hospital management model
driven by the national intelligent monitoring and
early warning software for infectious diseases is
transforming from "experience-driven" to "data in-
telligence-driven". The transformation of its man-
agement model, in essence, is also a self-adaptive
revolution for medical institutions to enter the digi-
tal medical era. It is necessary to make break-
throughs in multiple aspects such as intelligent al-
gorithm model technology, digital literacy ability
certification, and innovative data supervision sys-
tems to build a modern medical management sys-
tem that combines routine and emergency care.
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