
Unifying Mathematical Models, Artificial Intelligence and Digital 
Interactive Tools in the Fight Against COVID-19

December 13, 2021



Introduction



▪ What is this project about

▪ The availability of a free, interactive tool created to track the Covid-19's progress in 
São Paulo State and Brazil.

▪ What have we been working on?

▪ Daily updates on Info Tracker platform (www.spcovid.net.br).

▪ Database that gathers data at municipal and regional levels.

▪ Mathematical models and AI-based algorithms for forecasting scenarios of virus spreading.

▪ Press collaboration, scientific reports, and research papers.

SP Covid-19 Info Tracker

http://www.spcovid.net.br/


▪ Research team members:
Info Tracker Team



Info Tracker: SP Subregions



Info Tracker Page



▪ Team: members abroad (Belgium)
Info Tracker: International Collaboration

“CEPID-FAPESP CeMEAI: App Pandemic Stats BE é desenvolvido com apoio 
dos pesquisadores do CEPID-FAPESP CeMEAI” (Jully 23, 2021)

Link: 
http://www.saocarlos.usp.br/app-pandemic-stats-be-e-desenvolvido-com-apoio-dos-pesq

uisadores-do-cemeai/



Paper available at: https://www.mdpi.com/1424-8220/21/2/540/htm

Computing time-series forecasts and assessing the vaccination 
progress in Brazil

Paper available at: https://ieeexplore.ieee.org/abstract/document/9535477

http://www.spcovid.com.br/


The Proposed Epidemiological Model

● In our mathematical approach a normalized total population (N = S+I+R+D = 1) is taken in the ODE 
system



The Proposed Epidemiological Model

Pipeline overview of the SIR-inspired model (a SIR variant).



● The parameters      and      account for the rates of recovered and mortality, 
respectively.

● In our formulation, we assume that the transmission rate has a transient trajectory, i.e., 
β = β(t). As a consequence, we get a time-dependent reproduction number on the 
form:

The Proposed Epidemiological Model

● The so-called effective reproduction number,        , is an important epidemiological 
metric that quantifies the average number of new infections arising from a primary 
infected individual in the population.

(SIRD Model)

(SVIRD Model)



Learning the transmission rate
● Since the actual expression of        is 

unknown, we use a neural network for 
estimating it

● The training process determines this 
function by tuning the neural network 
weights



Learning the transmission rate
● The neural network for estimating       is a function

● The NN weights                    are optimized alongside other equation parameters so 
the numerical solution fits the real data



Learning the transmission rate
The use of Artificial Neural Network 
(ANN) to impose a transition 
behavior for        

The proposed scheme to estimate the         function.

NN 
Weights



● Once the weights are defined, we can use a numerical solver for estimating the variables

Learning the transmission rate

● In our implementation we used the LSODA solver implemented in python



Parameter Calibration

Onde



Dealing with ill-behaved data portions
• Improving the data fitting capability x ill-behaved data portions

(Left) The selected ill-behaved training periods (discarded trainings) and (Right) training 
results that have passed the error criteria for good training.



Dealing with ill-behaved data portions

Computing geometric mean w.r.t. well-behaved predictions (left) as the definitive 
prediction (right plot).



Results and Simulations



Predicting COVID-19 in São Paulo

The Transient Behavior 
of Transmission Rate



The spread for different data set



Simulating vaccination campaigns

1. General goal: Measuring the impact of the vaccination roll-out, focusing on different 
vaccines and immunization speed rates.

2. Regions/countries studied: 

1. Israel, 

2. Serrana (São Paulo State’s town)

3. São Paulo State

4. Brazil



Validation with real vaccination data



Serrana’s town scenarios results



Parameters adopted to run the simulations

Efficacy adopted for specific vaccine types 
(For details about the selected vaccine efficacies, see the full paper).



Mixed vaccine proportions and their resultant effectiveness used to run the experiments.

Vaccination scenarios by varying the vaccine efficacy



Vaccination scenarios by varying the vaccine efficacy

Mixed vaccine proportions and their resultant effectiveness used to run the experiments.



Comparing vaccine efficacies by assuming the baseline 
scenario observed in Brazil during March 2021

PFIZER

ASTRAZENECA

CORONAVAC

Forecast Period: 
• Abril – June 2021 



Qualitative results: cumulative cases and deaths in Brazil

Figure: Assessing different vaccine efficacies concerning Covid-19 cases (left) and deaths 
(right) in Brazil (period: April to June 2021)

PFIZER ASTRAZENECACORONAVAC



The impact of increasing the immunization rate
▪ Simulations with different vaccination rates vs. the real immunization roll-out as 

observed in March 2021 in the State of SP and Brazil: 

▪ Significant reductions were found in the number of new cases and deaths during 
Abril to June 2021.

Table: Comparison of vaccination campaigns (simulations) in Brazil and State of SP considering a 
three-month projection period (April – June 2021).



Table: Comparisons of different vaccines in Brazil and São Paulo State considering a fast vaccination 
roll-out (period: April-June 2021).

Increasing the immunization rate vs vaccine types



Qualitative results: cumulative cases and deaths in Brazil

Effiacy of different vaccine type
Vaccine efficacy comparison from the current 
scenario (θ1 = 18%, θ2 = 59% -

PFIZER ASTRAZENECACORONAVAC

Figure: Assessing different immunization speed rates: (left) cases and (right) deaths in 
Brazil (period: April to June 2021).



Concluding Remarks
1. If more people had been vaccinated more quickly, 60,000 deaths could have 

been avoided (period: April – June 2021).

2. There are no significant differences between vaccines (in terms of efficacy) 
since more people are getting vaccinated in a shorter time span (vaccinating 
faster matters more than vaccine efficacy!).

3. Our methodology can be successfully used to perform numerical investigation 
concerning the recent strategy of mix-and-match vaccination.



Next steps



Loss of 
immunity rate

Reinforcement 
dose

Model Adaptation: Reinfection and loss of Immunity

● With the new variants and the 
growing reinfection cases, we 
suggest an adaptation of the 
proposed model

● Simplified variables

● More connections

● Reinforcement dose are 
modeled by the loss of 
immunity rate. Given a period 
after the immunization, the 
individual backs to a group 
that need take another vaccine 
shot



Model Adaptation: Reinfection and loss of Immunity

● Some parameters has to be estimated by the literature

● This model captures  some keys dynamics of the infection

● Historical analysis can be done to compare variants impact on their detection period 

Loss of 
immunity rate

Reinforcement 
dose



● For dealing with zero valued variables, we changed the MSLE for the RMSE function

Model Adaptation: Loss metric



▪ SP Covid-19 Info Tracker: 

▪ www.spcovid.com.br

▪ www.spcovid.net.br

http://www.spcovid.com.br/
http://www.spcovid.net.br/

