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Abstract

This multi-country evaluation assessed the performance of syndromic surveillance systems for
early detection of infectious disease outbreaks across 15 national public health institutes from
2018 to 2023. Analyzing 423 verified outbreaks across six syndromic categories, we found that
syndromic surveillance detected outbreaks a median of 4.2 days earlier than traditional
laboratory-based surveillance. System sensitivity varied significantly by syndrome type, data
source, and algorithmic approach, with respiratory and gastrointestinal syndromes showing the
highest detection performance. The findings provide evidence-based guidance for optimizing
syndromic surveillance systems in diverse public health contexts.
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1. Introduction

The increasing frequency and impact of infectious disease outbreaks underscore the critical need
for effective early warning systems. Syndromic surveillance, which monitors pre-diagnostic health
indicators, has emerged as a complementary approach to traditional disease-specific surveillance.
While theoretically promising for early outbreak detection, the real-world performance of
syndromic surveillance systems across different settings and syndromes remains inadequately
characterized. Existing evaluations have typically focused on single systems or specific syndromes,
limiting generalizability and comparative assessment. This multi-country analysis aims to
comprehensively evaluate syndromic surveillance system performance using a standardized
framework, identify determinants of system effectiveness, and provide evidence-based

recommendations for system optimization and implementation.

2. Methods

2.1 Study Design and Participating Systems

We conducted a prospective evaluation of 15 syndromic surveillance systems across North
America, Europe, Asia, and Australia from January 2018 to December 2023. Participating systems
represented diverse implementation contexts including national, regional, and local levels.
Systems utilized various data sources including emergency department visits, primary care
consultations, pharmaceutical sales, school absenteeism, and web-based queries. All systems
monitored multiple syndromic categories with standardized syndrome definitions.

2.2 Outcome Measures and Gold Standard

The primary outcome was timeliness of outbreak detection, measured as days between syndromic
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signal generation and outbreak confirmation by traditional surveillance. Secondary outcomes
included sensitivity, specificity, positive predictive value, and system sustainability. The gold
standard for outbreak verification was laboratory-confirmed case clusters identified through
established surveillance systems. We analyzed 423 verified outbreaks across six syndromic
categories: influenza-like illness, gastrointestinal, rash/fever, neurological, hemorrhagic, and
respiratory (non-influenza).

2.3 Data Analysis and Performance Assessment

We employed a standardized evaluation framework adapted from CDC guidelines. System
performance was assessed using receiver operating characteristic analysis, time-to-detection
analysis, and signal quality metrics. Mixed-effects models examined factors associated with
detection performance, including data source characteristics, statistical algorithms, reporting
frequency, and system maturity. Qualitative data on implementation experiences and operational
challenges were collected through structured interviews and analyzed using thematic analysis.

3. Results

3.1 Overall Detection Performance

Syndromic surveillance systems detected outbreaks a median of 4.2 days earlier than traditional
surveillance. Detection timeliness varied substantially across systems, ranging from 1.5 to 8.3
days earlier. Systems using multiple data sources demonstrated significantly better performance
than single-source systems. The highest sensitivity was observed for influenza-like illness and
gastrointestinal syndromes, while neurological and hemorrhagic syndromes showed lower
sensitivity but high specificity.

3.2 Determinants of System Effectiveness

Several factors significantly influenced detection performance. Daily data reporting was
associated with 2.1 days earlier detection compared to weekly reporting. Systems employing
multiple statistical algorithms showed 38% higher sensitivity than single-algorithm approaches.
Data source diversity and quality emerged as critical factors, with emergency department data
showing the most consistent performance across syndromes. System maturity also significantly
impacted performance, with systems operational for over three years demonstrating substantially
better detection capabilities.

3.3 Operational Considerations and Challenges

Qualitative analysis revealed several implementation challenges. Data quality issues, particularly
coding inconsistencies and reporting delays, were commonly reported barriers. Legal and privacy
concerns affected data sharing in 60% of systems. Sustainability challenges included funding
instability and workforce capacity limitations. Successful systems typically featured strong
stakeholder engagement, automated data processing, and integrated analysis platforms.

4. Discussion

4.1 Interpretation of Key Findings

This comprehensive evaluation demonstrates that well-implemented syndromic surveillance
systems can substantially improve outbreak detection timeliness. The variation in performance
across systems and syndromes highlights the importance of context-specific implementation
strategies. The superior performance of multi-source systems supports investment in diverse data
streams, while the algorithm comparison suggests value in complementary detection approaches.
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4.2 Practical Implications for Public Health Practice

The findings provide concrete guidance for surveillance system development and optimization.
Public health agencies should prioritize daily data reporting, multiple algorithmic approaches, and
data source diversification. Investment in system infrastructure and workforce development is
crucial for sustained performance. The identified challenges underscore the need for standardized
data quality protocols and sustainable funding models.

4.3 Limitations and Research Directions

Study limitations include potential verification bias in outbreak confirmation and incomplete
capture of all relevant system characteristics. The focus on high- and middle-income systems may
limit generalizability to low-resource settings. Future research should examine cost-effectiveness,
integration with response systems, and adaptation to emerging threats including antimicrobial

resistance and climate-sensitive diseases.

5. Conclusion

Syndromic surveillance systems represent valuable tools for early outbreak detection when
properly implemented and maintained. The significant variation in performance across systems
underscores the need for evidence-based optimization and context-appropriate design. Public
health authorities should use these findings to strengthen existing systems and guide new
implementations, ultimately enhancing global capacity for rapid outbreak response and
containment. Continuous evaluation and improvement of surveillance systems remain essential for

protecting population health in an era of increasing infectious disease threats.

References

[1] World Health Organization. (2023). Global surveillance standards for public health. Geneva:
WHO.

[2] Buehler, J. W., et al. (2022). Framework for evaluating public health surveillance systems for
early detection of outbreaks. MMWR Recommendations and Reports, 71(1), 1-12.

[3] Triple S Project Group. (2021). Assessment of syndromic surveillance in Europe. The Lancet
Infectious Diseases, 21(5), e112-¢118.

[4] Henning, K. J. (2020). What is syndromic surveillance? MMWR Supplements, 69(1), 7-11.

[5] Paquet, C., et al. (2023). Early detection of public health threats in Europe: evaluation of
syndromic surveillance systems. Eurosurveillance, 28(15), 2200335.

32



