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“The most effective way to 
manage a public health 

outbreak is to anticipate it — 
and prepare before it 

arrives”
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HOW AIR TRAVEL 
SEEDS 

OUTBREAKS 
WORLDWIDE

• Air travel has introduced or 
accelerated major outbreaks 
worldwide.

• Single travelers have sparked 
epidemics in distant regions.

• Infections and resistant bacteria 
spread globally within days via 
passengers.

• Arboviruses like dengue became 
globally established through 
repeated importations.(Findlater & Bogoch, 2018)
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• Screening misses 
many cases

• Asymptomatic 
spread is a major 
gap

• Continuous 
surveillance needed

• Predictive 
modelling essential

• Travel restrictions 
only delay spread

(Chetty et al., 2020)

MODELLING EVIDENCE ON AIRPORT SCREENING



(Takayama et al., 2024)

• Thermography detected almost no cases.
• Peaks did not reflect real COVID-19 trends.
• Departures showed near-zero detections.
• Non-symptom-based surveillance is needed.



• Wastewater Surveillance (WES) detects all infected people, including 
asymptomatic and untested.

• Diagnostic tests capture only symptomatic testers.
• Hospital data reflects only severe cases.
• WES provides the broadest coverage and strongest early-warning signal. 

(ECDC, 2024)

Wastewater 
Surveillance 
Covers the 

Whole 
Infection 
Pyramid



EVOLUTION OF AIRPORT-
BASED SURVEILLANCE

• Early variant detection is 
achievable

• Combine nasal, wastewater, 
and air sampling for stronger 
surveillance

• Wastewater offers a fast, low-
cost early-warning signal

• Multi-pathogen testing 
improves future outbreak 
preparedness

(Friedman et al., 2025)



AIRPORT 
WASTEWATER

• Airport wastewater had more 
pathogens due to mixed sewage.

• Aircraft wastewater still detected key 
viruses, especially on long flights.

• Enteric viruses were the most 
common.

• Wastewater works for multi-pathogen 
surveillance.

• It provides early warning for infectious 
diseases.

(Tay et al., 2024)



EARLY DETECTION OF 
VARIANTS THROUGH 

AIRCRAFT 
WASTEWATER

• Aircraft wastewater detected variants earliest.
• Airport wastewater gave some early signals.
• Clinical cases appeared weeks later.
• Wastewater—especially aircraft sampling—is a 

strong early warning tool.
(Tay et al., 2024)



AIRPORT WASTEWATER 
MIRRORS AND 

PREDICTS LOCAL 
COVID-19 TRENDS

• Airport wastewater 
closely matches national 
COVID-19 trends.

• Community wastewater 
aligns the strongest with 
national cases.

• No link with global 
cases—airport signals 
reflect local transmission.

(Tay et al., 2024)



• Wastewater at airports 
detected variants 2-10 weeks 
before clinical identification.

• Early signals were visible at 
<1% frequency, proving high 
sensitivity.

• Aircraft sewage indicated 
initial importation events.

(Overton et al., 2024)

AIRPORT WASTEWATER  = 
EARLY WARNING



• Wastewater shows how key 
mutations emerge and 
spread across travelers and 
communities.

• Mutation trends reveal viral 
evolution and immune-
escape pressure.

• Airport and municipal 
wastewater together show 
how viruses change over 
time.

(Overton et al., 2024)

AIRPORT 
WASTEWATER  = 
EARY WARNING



• Short-haul flights: Very low 
toilet use → weak 
wastewater signals.

• Long-haul flights: Higher 
toilet use → better 
detection potential.

• Younger passengers & 
males use toilets more 
frequently.

(Jones et al., 2023)

Passenger Toilet Use on 
Short- and Long-Haul 

Flights



• Most passengers defecate 
before departure, giving 
strong wastewater signals.

• Very few defecate after 
arrival, so arrival wastewater 
is weak.

• Younger passengers and 
males are more likely to use 
toilets pre-departure.

(Jones et al., 2023)

Toilet Use Before 
Departure and Upon 

Arrival



Essential 
Travelers

Higher positivity 
(greater infection 

probability)

Lower total 
impact due to 
fewer travelers

Non-Essential 
Travelers

Lower positivity 
(screened/tested)

Main Source of 
imported cases 

due to high 
volume

High Volume 
Routes

Large number of 
passengers 

increase total 
importations

Even low positivity 
results in high 

overall risk

High Positivity 
Routes

Lower volume but 
higher infection 

probability

Key for early 
detection of 

emerging hotspots

(Milwid et al., 2024)

Traveler & 
Route-

based Risk 
Differences



• Long trips mean longer stays and higher 
transmission risk.

• City-to-city routes have the most travellers 
and fastest spread.

• Frequent short trips between hubs move 
diseases quickly.

• Rural routes get few travellers and slower 
introductions.

(Giles et al., 2020)

How Travel Patterns 
Drive Disease 

Spread



• Short-haul flights show 
very low detection rates 
(~5–10%).

• Long-haul flights perform 
better, with probabilities 
around 10–20%.

• Aircraft wastewater 
captures only a fraction of 
infected travelers.(Jones et al., 2023)

Probability of Detecting 
Infected Passengers via 

Wastewater



• Short-haul flights capture very 
few infected passengers, often 
below one per flight.

• Long-haul flights capture more 
cases, usually around 1–2 
infected passengers.

• Longer flights increase toilet 
use, giving stronger 
wastewater signals.(Jones et al., 2023)

Number of Infected 
Passengers Captured 

via Aircraft Wastewater



IBS–EBS 
Framework for 

Rapid Public 
Health Action

(WHO, 2014)



How IBS and 
EBS Combine 

to Form 
Epidemic 

Intelligence

(WHO, 2014)



INTEGRATING IT 
TOOLS FOR EARLY 
DETECTION AND 

PANDEMIC 
PREPAREDNESS

• Early detection 
requires smart IT tools

• Real-time data 
improves outbreak 
awareness

• Automation 
strengthens protection

• Digital health expands 
response capacity

• Dashboards and 
modelling support 
early warning(Asadzadeh et al., 2020)



SEIR – HCD 
MODEL

(Bhuvaneswari, 2023)

Susceptible

Exposed

Infectious

HospitalizedCritical

Recovered

Deaths

• Shows how a disease 
spreads through a 
population

• Estimates risk of 
infected travelers on 
specific routes

• Supports early warning 
at airports



Disease Specific Parameters

• Transmission Rate

• Incubation – infectious rate

• Recovery rate

• Detection rate  

• Hospitalization proportion

• Critical illness proportion

• Mortality rate (hospitalized)

• Death rate (critical)

Air Traffic & Population Inputs

• Passenger Volume per route

• Number of flights per 
destination

• Infection levels at origin

• Airport catchment 
population

• Screening/symptom 
detection

• Traveler health declaration 
data

• Intervention measures 
(screening, testing, 
quarantine)(Bhuvaneswari, 2023)

Parameters 
and Data 

Needed to Run 
SEIR-HCD 

Simulations



Epidemiological 
Outputs

• Predicted cases

• Peak infection 
time

• Outbreak 
duration

• Expected severe 
and critical cases

• Expected deaths

Risk Forecast 
Outputs

• Importation 
probability per 
route

• Predicted 
infected travelers

• Passenger 
infection risk

• Airport 
vulnerability 
scores

• Route – based 
risk ranking

Decision Support 
Outputs

• Recommended 
interventions

• Early – warning 
Alerts

• Public health 
response triggers

• Resource 
allocation 
forecasts

• Scenario 
comparisons 
(with/without 
intervention)(Bhuvaneswari, 2023)

SEIR – HCD 
MODEL

Outputs for 
Surveillance 

& Early 
Warning



How AI 
Transforms 
Data Into 

Early 
Outbreak 

Alerts

(Okoye, 2025)



Machine Learning 
(ML)

• SVM

• Random Forest

• Logistic 
Regression

• XGBoost

Deep Learning 
(DL)

• LSTM

• CNNs

• Transformer 
models (e.g., 
BERT).

Natural Language 
Processing (NLP)

• To analyze news, 
social media, 
healthcare notes

• Extracts early 
outbreak signals 
from digital data

(Villanueva-Miranda, 
Xiao & Xie, 2025)

AI  
TECHNIQUES 
SUPPORING 

EARLY 
WARNING 
SYSTEMS

Ensemble Models

• Combines multiple 
algorithms for 
better prediction.

Hybrid Systems

• AI + traditional 
epidemiological or 
statistical models.

Explainable AI (XAI)

• To make AI 
decisions 
transparent to 
humans

• LIME  

• SHAP  )

• Attention 
Visualization  



Electronic Health 
Records

Mobile phone 
mobility data

Airline ticketing 
and travel patterns

Social Media and 
digital platforms

Environmental and 
Climate data

Wearables and 
biosensors

Airport Syndromic 
Screening Data

Genomic 
Sequencing Data

Climate Driven 
Vector Risk

Wastewater 
Surveillance

Internet Search 
Query Data

Predictive 
Models (AI)

• BlueDot

• HealthMap

• GPHIN

• WHO EIOS
Real time 
Dashboard and 
Automated 
Alerts

(Idahor et al., 2025)

DATA SOURCES AI MODELS
ACTIONABLE 

OUTPUTS

• Outbreak 
detection

• Risk Prediction
• Trend 

Forecasting

• Airport Risk 
Scores

• Early Warnings
• Preparedness 

Triggers
• Flight based risk 

Alerts
• Cross-border 

coordination 
signals

AI ENABLED 
EARLY 

WARNING 
SYSTEM



How AI 
Processes 

Digital 
Signals to 

Predict 
Outbreaks

(Okoye, 2025)



AI Epidemic 
Intelligence 
Platforms 
Compared

(Okoye, 2025)



Strength of 
National 

Digital Health 
& AI 

Infrastructure

(Okoye, 2025)



AI Epidemic 
Intelligence 
Platforms 
Compared

(Okoye, 2025)



Data Quality gaps & 
Missingness

Bias in digital and 
clinical datasets

Black-box behaviour of 
AI models

Infrastructure + System 
connectivity constraints

Privacy, consent & 
Equity considerations

Need for human 
oversight to validate 
alerts

KEY 
CHALLENGES 

& 
LIMITATIONS 

OF AI

(Villanueva-Miranda, 
Xiao & Xie, 2025)
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