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Statistical modelling for infectious diseases
Part 2: Epidemic thresholds and delay correction



 Defining epidemic thresholds
● MEM
● Predictive distribution based

 Delay correction
● Background
● Nowcasting
● Extensions

Summary



Moving Epidemic Method (MEM)

● Vega et al (2012) proposed an algorithm that based on 
historical data of ILI

1) Estimates start, duration and end of an epidemic

2) Calculates thresholds pre- and post-epidemic

3) Provide different intensity levels for an epidemic period



MEM



MEM: R package



MEM: Dengue in Brazilian states

Epiweek





Predicting infectious diseases



Dengue predictions for 2023

Rio de Janeiro

P90

P75

P25 







Predicting dengue in Vietnam

● Forecasts made once a year in 
November

● Climate variables (GloSea5*)
● Hindcast from GloSea5 (Copernicus)

* GloSea5: Met Office Global Seasonal forecasting system version 5



Predicting dengue in Brazil

Mosqlimate Project



Notification delay problem 
● End of week 9
● The TV presenter emphasizes 

that 
● the peak occur on week 6
● “good news” cases are 

dropping   

Rio, 2023-03-04



Notification delay problem 

Rio, 2023-03-04



Notification delay problem 

Rio, 2023-03-04



Why does the delay occur?



Delay correction models

● Actuarial sciences 1980/90
– Chain ladder model 

 
Kremer (1982), Two-way ANOVA

Renshaw (1989), Modelo linear misto
Verhall (1990), Modelo de Espaço de 
estados + Linear Bayes



● Brookmeier and Damiano (1989)
● Zeger, See and Diggle (1989)

● Brookmeier and Liao (1990), EUA

● Barbosa and Struchiner (1998), Brasil

Delay on HIV/AIDS in 1980s



Bayesian Nowcasting
● Dengue and Influenza*

– Bastos et al. (2019) (INLA)

– McGough et al. (2020) (MCMC)



Bayesian Nowcasting

● Bastos et al. (2019) foi 
implemented in:
– InfoGripe

– InfoDengue
– R package: nowcaster

https://covid19br.github.io/nowcaster/



(Nearly) Real-time monitoring systems



Model performance

INLA versus MCMC



Notification delay problem 

Rio, 2023-03-04



Notification delay (Malaria in the Amazon)

● Malaria is a mosquito-borne disease 
endemic in the Amazon region (99% of 
the notified cases)

● There is notfication delay, then the 
nowcasting is needed!

Ayala et al. (2023, Malaria Journal)



Improving the delay correction
● Covariates may improve 

the corrections

Bastos et al. (2019) 

Mizzi (2019, PhD Warwick), Miller et al. (2022)



Spatial nowcasting
● Disease dynamics  may vary on 

space

– Population immunity, different 
ways to fight a possible 
epidemic event, vector 
adaptation, etc

● Delay may also vary in space

– Structural problems, lack of 
training etc

Spatial random effects is modelled using CAR 

● In Bastos et al. (2019), we 
added a spatial structure 



SARI in PR 2017              



SARI during the pandemic
● We needed a simple and fast 

measure to show trend
● A linear model coefficient 

applied on each sample 
sample trajectory

● Monte Carlo probabilities can 
de calculated



Age-dependent nowcasting

● The dynamic of COVID-19 hospitalizations varies on age 
groups

● Hence, the nowcasting model should consider age 



Age-dependent nowcasting

SARI due to COVID-19 SARI due to RSV



Multivariate nowcasting

Dengue and Chikungunya joint model

Shared component model

Dos Santos (2023, Msc, UFRJ)
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Thank you!
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