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1. Introduction

The history of human civilization has been repeatedly shaped by outbreaks of infectious diseases,
ranging from localized epidemics to global pandemics. Events such as the COVID-19 pandemic have
demonstrated the profound impact that novel pathogens can have on public health, the economy, and
societal stability (Kemenkes, 2022). Emerging Infectious Diseases (EIDs), defined as infections that have
newly appeared in a population or are rapidly increasing in incidence or geographic range, continue to pose
urgent global threats. Asia, in particular, has been identified as a hotspot for emerging diseases due to high
population density, biodiversity, and environmental change (Fauci, 2017; Bidari, 2020).

The globalized nature of modern society—marked by rapid urbanization, climate variability, and
cross-border mobility—has accelerated the speed and scale of disease transmission (Hanum, 2013). Over
the past three decades, more than 30 new infectious diseases have emerged, intensifying the need for
proactive and coordinated preparedness systems (Paules et al., 2017). In Indonesia and other developing
countries, the burden of infectious diseases is disproportionately high due to limitations in healthcare
infrastructure and early detection mechanisms. Traditional public health responses, while essential, often
fall short in addressing the complexity and velocity of contemporary outbreaks (Ali & Andi, 2018;
Krisnayanti, 2020).
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In this context, modern technology offers promising avenues to enhance disease anticipation and
control. Technological tools such as Al, big data analytics, [oT-based surveillance, and telemedicine
platforms have begun to transform how governments and health systems respond to emerging threats.
However, the role of intelligence—both in terms of early threat detection and strategic response—remains
underexplored in public health discourse.

This paper investigates the integration of advanced technology into outbreak preparedness from an
intelligence perspective. By examining recent developments, this study seeks to propose actionable
strategies for improving national resilience and health security against future infectious disease outbreaks.

2. Methodology

This study employs a qualitative research approach using the literature review method, which involves
a systematic process of collecting, reading, analyzing, and synthesizing secondary data from various
credible sources. As stated by Zed (2008), literature study is a sequence of activities related to the collection
and management of reference materials, aimed at forming a solid theoretical foundation and research
framework. It also serves to formulate hypotheses and categorize, organize, and interpret the existing body
of knowledge in a structured manner. This approach allows the researcher to gain a comprehensive and in-
depth understanding of the research problem (Darmadi, 2011). In conducting this review, the authors
gathered data from peer-reviewed journals, academic books, official reports, and scientific articles. The
keywords used in the search process included “infectious disease outbreaks,” “disease prevention
strategies,” “technology development during pandemics,” and “anticipatory health technologies.”

The study particularly focused on the utilization of modern technologies during pandemic responses,
such as the Internet of Things (IoT) and Artificial Intelligence (AI), as well as the implementation of
population-based health data monitoring systems in Indonesia. Furthermore, this research observed
trends in technological development in relation to past infectious disease outbreaks and analyzed their
respective transmission patterns. The literature analysis also included examination of global and national
case studies to draw comparisons and identify best practices. Through this process, the study generated
practical recommendations for optimizing the use of technology in infectious disease prevention. Emphasis
was placed on shifting the paradigm from reactive responses to proactive early detection and preparedness,
especially in the context of Indonesia’s public health infrastructure and strategic intelligence capabilities.
Through this method, the study aims to provide a grounded understanding of how modern technologies
can be strategically integrated into national public health preparedness, with specific consideration for
intelligence-led planning and response mechanisms.

3. Results and Discussion

3.1. The Role of Intelligence in Infectious Disease Preparedness

The role of intelligence in public health preparedness has gained increasing relevance in the post-
pandemic landscape. Infectious diseases such as COVID-19 have demonstrated that national resilience can
be compromised not only by military threats but also by biological crises. In this context, intelligence
agencies are essential in conducting lidpamgal (investigation, security, and mobilization) functions, which
include surveillance of epidemiological trends, identification of risk factors, and early threat detection (Ng,
2022; Wiswayana, 2020).

From an anticipatory standpoint, intelligence institutions are uniquely positioned to bridge data from
diverse sources healthcare, environmental monitoring, migration patterns, and social behavior. By
integrating data analytics, real-time surveillance technologies, and pattern recognition tools, intelligence
systems can detect early anomalies indicative of an outbreak. For example, social network surveillance and
air traffic analytics have been used to monitor potential zoonotic spillovers and predict cross-border
disease transmissions (Tifany, 2020).

The intelligence cycle, as illustrated in Figure 1, provides a systematic framework for the collection,
analysis, and dissemination of information to support evidence-based decision-making. It consists of six
interrelated stages: requirements, planning and detection, collection, processing and exploitation, analysis
and production, and dissemination, all of which operate under the principle of active collaboration. Within
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the context of infectious disease preparedness, this cycle facilitates a continuous feedback loop between
intelligence institutions and public health agencies. For example, the requirements phase helps define
priority health threats and surveillance needs, while planning and detection guide the allocation of
monitoring resources. The collection and processing stages involve gathering epidemiological and
environmental data for timely analysis. Ultimately, the analysis and production phase transforms raw data
into actionable intelligence, which is then disseminated to relevant stakeholders for rapid policy and

operational response.
Active @
Collaboration

Figure 1. 5 FBI Intelligence Cycle

Indonesia’s experience during the COVID-19 pandemic underscored the limitations in coordinated
surveillance and rapid response. Despite the issuance of key regulatory frameworks such as Presidential
Decree No. 11/2020 on Public Health Emergency and Perppu No. 1/2020 on Financial Policy for COVID-19
Management, institutional preparedness and cross-agency data sharing remained fragmented (Disantara,
2019). Intelligence services can enhance this structure by functioning as a unifying node that synthesizes
biomedical, environmental, and socio-political indicators into actionable early warnings for decision-
makers (Yuniawaty, 2022).

Furthermore, intelligence-driven data can inform health policies by identifying transmission hotspots,
tracking misinformation, and analyzing public compliance behavior. These functions are not only technical
but strategic, enabling pre-emptive government interventions before widespread escalation. Importantly,
this approach must be integrated with public communication systems to prevent panic and ensure
transparency. Indonesia’s reliance on community-based models, such as Jogo Tonggo, reflects the
importance of synergizing intelligence systems with localized early detection efforts. By combining high-
tech solutions with traditional knowledge networks, a more resilient and adaptive health security
ecosystem can be established (Hikmah, 2016).

In summary, intelligence institutions are no longer peripheral to public health, they are central to
outbreak preparedness. Their proactive involvement in disease surveillance, predictive analytics, and
policy formulation is indispensable for navigating the complexities of future biological threats.

3.2. Technological Innovations and Their Implications

The accelerating evolution of technology has significantly transformed global approaches to infectious
disease preparedness. The COVID-19 pandemic served as a catalyst for the rapid deployment and scaling
of technological interventions, enabling countries to respond to outbreaks more swiftly and systematically
(Hughes, 2011). Table 1 showed the technologies such as Artificial Intelligence (Al), the Internet of Things
(IoT), telemedicine, and blockchain have emerged as powerful tools across the continuum of disease
surveillance, diagnostics, and public communication (Aishwarya Kumar, 2020).

One of the most impactful applications has been the use of Al-powered diagnostic systems. Al models,
including convolutional neural networks, have demonstrated high accuracy in interpreting radiological
images such as chest X-rays and CT scans to detect COVID-19-related anomalies. These systems, when
integrated into routine clinical settings, have expedited the diagnostic process and enhanced decision-
making in both high-resource and low-resource environments (Yanti, 2020). Furthermore, predictive
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analytics tools built on machine learning algorithms have enabled health authorities to model outbreak
trajectories and allocate resources effectively (Meylani, 2022).

IoT technologies have played a pivotal role in enabling real-time health monitoring. Wearable devices
and environmental sensors have allowed healthcare providers to continuously track vital signs, monitor
quarantine compliance, and collect epidemiological data from remote or rural populations (Ali H., 2023).
In Indonesia, efforts to build IoT-based health infrastructure have been initiated, although they remain
largely limited to pilot programs due to disparities in internet access and digital infrastructure (Taryudi,
2019).

Another key innovation is the use of telemedicine platforms, which have mitigated the need for
physical contact during pandemic conditions while ensuring the continuity of care. Video consultations,
online prescription systems, and remote patient monitoring have reduced the burden on hospitals and
expanded access to medical services, especially in geographically isolated areas (Gu S., 2017; Ali H., 2023).

Additionally, blockchain-based surveillance systems have been proposed and, in some cases,
implemented to facilitate secure and transparent sharing of health records. In South Korea and Singapore,
for example, blockchain architecture was applied in tracking infectious disease cases, verifying diagnostic
reports, and ensuring privacy in contact tracing (Lee, 2020). These systems exemplify the importance of
interoperability and trust in digital health frameworks.

Table 1. Applications of Modern Technology in Infectious Disease Anticipation

No Technology Application Description
1 Diagnosis using radiological images Chest X-rays and CT scans used to identify and
monitor COVID-19-related lung abnormalities.
2 Disease tracking Blockchain-based surveillance systems to monitor
case movement and facilitate data sharing.
3 Predictive analytics of patient Health apps with Al to assess body metrics and
conditions predict health status in real time.
. . . In silico analysis of traditional herbal medicine to
4 Computational biology and medicine identify molecular targets for therapy.
5 Drug discovery Al-assisted screening and validation of drug
candidates for antiviral therapy.
6 Awareness and social control via Use of online platforms to disseminate health
internet education and promote preventive behavior.

Despite these technological advances, challenges remain—particularly in the Indonesian context.
Limited access to broadband networks, low digital literacy among healthcare workers, and the absence of
national data governance standards have hindered widespread adoption (Taryudi, 2019; Elanda, 2021).
Moreover, the success of such technologies depends heavily on public trust, regulatory clarity, and
adequate training for healthcare personnel (Soto, 2009).

In sum, while technology presents a transformative opportunity for infectious disease management, it
must be contextualized within national capacities and societal realities. A balanced approach that couples
cutting-edge innovation with equity, accessibility, and local engagement is essential to maximize the
benefits of technological interventions in pandemic preparedness.

3.3. Local Wisdom and Community-Based Approaches

In addition to advanced technological tools, community-based approaches rooted in local wisdom have
proven to be an equally critical component in combating infectious disease outbreaks (Rice, 2010).
Indonesia, as a diverse and culturally rich nation, has demonstrated that localized strategies embedded in
communal values can enhance public health interventions, especially in areas where technological
infrastructure is limited or public trust in formal systems is fragile.
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A prominent example is the Jogo Tonggo movement, initiated in Central Java during the COVID-19
pandemic. Derived from the Javanese phrase meaning “watch your neighbor,” this initiative encouraged
communities to monitor the health and welfare of people in their immediate environment. The concept
leveraged existing social structures at the RT/RW level (neighborhood associations) and utilized local
cultural norms to foster shared responsibility, vigilance, and support (Arditama, 2020). By using vernacular
language and familiar customs, Jogo Tonggo facilitated rapid dissemination of public health messages and
reduced barriers to behavior change (Efrata, 2020).

This model exemplifies how local wisdom can be institutionalized as a community-based mitigation
strategy, particularly when supported by government policy and grassroots participation. It created space
for citizens to participate in outbreak response without the need for sophisticated tools, relying instead on
collective awareness and solidarity (Sunaryo, 2012; Ikatiri, 2021). Moreover, digital and multimedia
platforms have been used effectively to amplify these localized efforts. Educational animations and motion
graphic videos were developed to enhance public understanding of COVID-19 health protocols. These
visually engaging formats, accessible via social media and mobile phones, proved especially valuable in
reaching younger demographics and rural populations (Elanda, 2021). Social media also served as a vital
channel for real-time updates and myth-busting, countering misinformation that often hampers public
health campaigns (Al-Dmour et al., 2020).

Beyond behavior change, community-based approaches have also addressed structural inequities in
access to care. Health promotion through religious groups, local NGOs, and peer networks has expanded
outreach to marginalized populations and strengthened public trust in government initiatives (Dina, 2020).
In this way, local wisdom not only complements technological interventions but also compensates for
systemic gaps.

Importantly, these approaches are not meant to replace modern systems but to work in synergy with
them. The integration of cultural knowledge, communal behavior, and digital platforms can yield a more
inclusive and sustainable outbreak response. It is through this hybrid model combining innovation with
tradition that Indonesia and similar nations can build resilient public health ecosystems capable of
withstanding future epidemics.

3.4. Gaps and Strategic Recommendations

Despite the promising role of technological innovations and community-based interventions in
infectious disease preparedness, several structural and operational gaps continue to hinder their optimal
implementation particularly in developing countries like Indonesia. These gaps span across policy,
infrastructure, human resources, and public trust, necessitating a more integrative and strategic
framework moving forward (Lestari, 2020).

Modern Technologies \

Data Integration and Analysis

Early Warning and Surveillance

Community Engagement Public Health Decision Making Policy and Preparedness

Figure 2. Conceptual Framework of Intelligence-Technology Integration for Infectious Disease
Preparedness

As illustrated in Figure 2, an effective preparedness framework relies on the integration of intelligence
systems and modern technologies through structured stages of data integration and analysis, leading to
early warning and surveillance, which subsequently inform public health decision-making, policy
formulation, and community engagement. This model emphasizes that preparedness is not a linear process
but a dynamic interaction between technical infrastructure, human capacity, and governance mechanisms.
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It highlights the importance of ensuring that innovations are embedded within policy structures and
societal networks to maximize resilience and responsiveness.

One of the primary challenges lies in the lack of cohesive digital infrastructure and data governance
mechanisms. Many health systems still operate in silos, using fragmented platforms that are unable to
communicate effectively with one another. This undermines real-time disease surveillance and delays the
synthesis of actionable intelligence. Furthermore, issues surrounding data privacy, security, and ethical use
of surveillance technologies such as Al and IoT remain largely unresolved, potentially eroding public
confidence in digital health systems (Ali H., 2023).

Another critical issue is the insufficient digital literacy among healthcare workers and local officials,
which limits the effective use of available technologies. Studies conducted in Indonesia emphasize the
importance of training programs to enhance the technological competencies of medical personnel. For
example, increasing familiarity with health monitoring applications and telemedicine tools has been shown
to improve responsiveness by over 70% (Taryudi, 2019). However, such initiatives remain localized and
sporadic, lacking national coordination and support.

Moreover, socioeconomic disparities in access to technology have created uneven capacities in
responding to outbreaks (Masriadi, 2017). Rural and under-resourced communities often face difficulties
accessing digital health platforms or participating in remote consultations, which are otherwise vital in
outbreak situations. Without deliberate equity-driven policies, these innovations risk reinforcing existing
health inequalities rather than resolving them.

To address these persistent challenges, this study proposes several strategic recommendations aimed
at enhancing national readiness through both technological advancement and institutional strengthening:

e Develop a National Infectious Disease Identification Module:

Establish a comprehensive, Al-supported database of historical and emerging disease profiles
to facilitate faster diagnosis and targeted response strategies. This module can function as a public
education tool and serve as an early warning platform for both professionals and the general
population.

e Enhance Surveillance Infrastructure in Public Spaces:

Implement smart monitoring systems in high-density areas using modified thermal detection
sensors and population-tracking algorithms. These Al powered tools can issue real-time alerts
when overcrowding or abnormal health patterns are detected, contributing to proactive outbreak
mitigation (Meylani, 2022).

e Integrate Al-Based Triage and Consultation Platforms:

Create tiered consultation systems embedded with machine learning to provide automated
health assessments and escalation protocols. These platforms can reduce burden on health
facilities and improve access to care, especially during surge periods. Moreover, they can learn
from user input to continuously improve diagnostic accuracy and public health insights.

e Establish Cross-Sector Collaboration and Policy Alignment:

Foster collaboration between the Ministry of Health, Ministry of Communication and
Information Technology, intelligence agencies, and civil society to harmonize technological
deployments with legal, ethical, and social considerations. This alignment is essential to ensure
consistency in outbreak management efforts.

e Strengthen Public Communication and Health Literacy Campaigns:

Promote culturally sensitive education programs using multimedia content such as animated
videos, infographics, and local-language messaging to build public awareness, reduce
misinformation, and foster participatory behavior in outbreak control (Elanda, 2021; Arditama,
2020).

In conclusion, bridging these gaps requires more than the introduction of new technologies; it
necessitates systemic reform and sustained investment in human, technological, and policy capital.
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Indonesia’s future health security will depend not only on adopting digital tools but also on ensuring that
these tools are inclusive, accessible, and embedded within a responsive governance structure.

4. Conclusion

The increasing complexity and frequency of infectious disease outbreaks necessitate a paradigm shift
in national preparedness strategies. This review underscores the critical importance of integrating
advanced technologies with strategic intelligence functions to strengthen early detection, anomaly
monitoring, and data-driven policy responses. Insights from interdisciplinary studies and Indonesia’s
experience during the COVID-19 pandemic reveal enduring gaps in digital infrastructure, inter-agency
coordination, and health system resilience that demand comprehensive and sustained reform. Equally
essential is the incorporation of local wisdom and community-based participation to ensure that
technological interventions remain culturally appropriate and socially accepted. Initiatives such as Jogo
Tonggo demonstrate how grassroots engagement can complement digital surveillance and foster public
trust. Achieving national resilience requires institutionalizing Al-enabled disease detection systems,
expanding IoT-based surveillance networks, and enhancing cross-sector collaboration among health,
communication, and intelligence agencies. Strengthening digital literacy and public communication is also
crucial to promote ethical and inclusive governance of emerging technologies. Ultimately, resilience against
future infectious disease threats will depend not only on technological advancement but on its effective
integration within a cohesive public health intelligence ecosystem. This review provides a strategic
foundation for developing adaptive, scalable, and context-sensitive digital health models for future
research and policy innovation.
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