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ABSTRACT
In this study we consider the case of Bangladesh, and fit a simple compartmental model holding
a feature to distinguish between identified infected and infectious with time series data using
the likelihood approach; prior to which dynamics of the model was analyzed mathematically
and the identifiability of the parameters was confirmed. We deduced profile likelihood and 95%
confidence interval for each of the estimated parameters. Our analysis shows that the basic re-
production number is the key threshold for COVID-19 outbreak and persistence; and it changes
with time as a consequence of the change in lock-down strategies and expansion of testing fa-
cilities, and was estimated to lie between 1.5 and 12. The results show that the peak of the
epidemic may appear around October 2, 2020.

METHODS

Table 1 Description of the state variables.

Description Symbol Description Symbol

Number of susceptible individuals S Number of exposed individuals E

Number of infected individuals I Number of isolated infected individuals Q

Number of removed individuals R

dS(t)

dt
= π − βIS − µS;

dE(t)

dt
= βIS − σE − µE;

dI(t)

dt
= σE − γ1I − qI − µI;

dQ(t)

dt
= qI − γ2Q− µQ− δQ;

dR(t)

dt
= γ1I + γ2Q+ δQ− µR

The model exhibits a disease free equilibrium (DFE) , E0 =
(
π
µ
, 0, 0, 0, 0

)
and an endemic

equilibrium (EE),E∗ =
(
kEkI
βσ

, (R0−1)kIµ
βσ

, (R0−1)µ
β

, (R0−1)qµ
βkQ

,
(R0−1)(γ1kQ+γ2q)

µkQ

)
. Here,R0 =

πβσ
(σ+µ)(γ1+q+µ)µ

is the basic reproduction number. The equilibrium E0 is globally asymptotically stable for
R0 < 1, whereas E∗ exists and globally asymptotically stable when R0 > 1. We fit the identi-
fied Active Cases, which is calculated in terms of several useful data as follows: Active Cases,
y(ti) = Total Identified (ti) - Total Recovered (ti) -Total Dead (ti). The identified cases are con-
sidered to be isolated at their residence or at hospital, which corresponds to Q subclass of our



model. In the Maximuim Likelihood method, we assume all y(ti) are independent and follow
Poission distribution with parameter Y (ti, β, q). Therefore, the negative log likelihood function

is written as, NLL(β, q) = −∑tf
t1

(
y(ti)ln(Y (ti))− Y (ti)− lny((ti)!)

)
Table 2 Parameters for numerical simulation.

Symbol Value(day−1) Reference Symbol Value(day−1) Reference

π 6088.3 Total population 1.6e8 µ 3.8052e− 05 72 year life time

β −− estimated(fitting) σ 0.2 [1]

γ1 0.04545 [2] q −− estimated(fitting)

γ2 0.062 estimated(data) δ 0.0039 estimated(data)
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Figure 1. Data fitting is in the first row. On the second row the dotted line shows the evolution
of R0 in β − q space. Comparison between Qmax and Imax for different values of β and q.
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