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A multi-strain SEIRS stochastic epidemiological model for the COVID-19 syndemic 

in Brazilian cities 

Luiz Henrique Duczmal – UFMG, Brasil 

The SEIRS (Susceptible – Exposed – Infected – Removed- Susceptible) epidemiological 

model is an extension of the well-known SEIR model, allowing infected surviving 

individuals to become susceptible again after a certain average period for loss of 

immunity. This drastically changes the epidemiological regime, with recurring waves of 

infection and a persistent flux of COVID-19 hospitalizations and deaths for many months. 

The usual multi-strain SEIR model allows two or more strains of the SARS-CoV-2 virus 

to co-exist, with different outbreak dates and transmission rates. Our multi-strain SEIRS 

stochastic model combines the features of the SEIRS and multi-strain SEIR models, 

allowing the test of hypotheses of the presence of a new SARS-CoV-2 variant with a 

higher-than-usual transmission rate, along with a potential loss of immunity. We studied 

scenarios for several Brazilian cities, including Manaus and Curitiba, under the multi-

strain SEIRS model that was based on a daily data series of social distancing obtained 

from the COVID-19 Community Mobility Reports and from partial coverage of the 

vaccinated population.   

 

 

Compartmental Regression for Reported Infected 

Ivair Ramos Silva – UFOP, Brasil 

Non-pharmacological actions have played an important role to control and even to 

reduce the transmission rate while the vaccination against the COVID-19 pandemic is 

still in progress. Therefore, it is critical to measure the statistical relation between the 

observable transmission rate and the behavioral variables of protective initiatives in the 

society. This work introduces a regression model to estimate the impact of covariates 

(e.g. social mobility) in the infectious rate of a viral agent in a target population. This is 



 
 
done by assuming that the dynamics of the officially reported number of affected persons 

follows a stochastic SEIR model. The parameters of the proposed model are derived by 

means of the classical maximum likelihood method. 

 

 

 

Adaptive Monte Carlo procedure to Estimate Confidence Interval for Population 

sizes under Mark-Recapture-Mark Sampling with Application 

Debanjan Bhattacharjee - Utah Valley University, Estados Unidos 

In this paper, we modify the conventional mark-recapture strategy to estimate the size 

(N) of a finite population. In this new procedure non-marked, re-sampled items are 

marked before they are released back into the population. A sequential adaptive stopping 

rule for fixed-length-interval-estimation of N is proposed. A Monte Carlo solution is 

derived and compared with the accelerated sequential method. Estimating sizes of finite 

populations can become particularly relevant in knowing the total number of patients 

infected by disease at a particular time in a geographical region. Our new method is 

illustrated with a simulation that estimates the number of infected COVID-19 individuals 

in a “near-closed” population. 

 


