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Bangladesh has been combating the COVID-19 pandemic with limited financial resources

and poor health infrastructure since March, 2020. Although the government has imposed

several restricted measures to curb the progression of the outbreak, these arrays of mea-
sures are not sustainable in the long run. In this study, we use a data-driven forecasting

model considering Susceptible, Exposed, Infected, Recovered and Deaths status through
time to assess the impact of lift of flexible lockdown on the COVID-19 dynamics in

Bangladesh. Our analysis demonstrates that the country might experience second infec-

tion peak in 6-7 months after the withdrawal of current lockdown. Moreover, a prolonged
restrictions until January, 2021 will shift the infection peak towards August, 2021 and
reduce approximately 20 % COVID-19 cases in Bangladesh.

Keywords: COVID-19; SEIRD model; Lockdown; Bangladesh.
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1. Introduction

The coronavirus disease 2019, COVID-19, has emerged as one of the most challeng-

ing infectious diseases in the World’s history.1,2 Initially, China, several countries

of Europe and America were severely affected by COVID-19, but recently the virus

has spread in South-Asian countries including India, Pakistan, and Bangladesh. Al-

though several studies demonstrate the significance of imposing lockdown to slow

down the progression of the pandemic, a lockdown cannot last indefinitely as it has

a negative impact on national economies as well as people’s goodwill.3–5 As a result,

despite the significant amount of COVID-19 positive cases under restricted condi-

tions, Government has lifted the lockdown gradually by reopening all the industries,

markets and offices with a notable exception of educational institutes. Notably, the

age group (in years) of 1-20 carries 43.5 % of total age distribution of the popu-

lation in Bangladesh (collected from Socioeconomic Data and Application Center,

or SEDAC). Moreover, Hoque and colleagues recently reported that only 10.2 % of

the total COVID-19 positive cases have been identified within the age group of 1-20

compared to 54.6 % cases from the age group of 21-40.6 Since all the academic insti-

tutes are closed to contain COVID-19 diffusion, one might ask whether Bangladesh

is going through a flexible lockdown conditions and if so, then what could be the

consequences on the public health if the flexible lockdown is withdrawn in the up-

coming months. Besides, it is important to have a trade-off between various key

epidemiological factors to predict the COVID-19 transmission in Bangladesh and

that is where a mathematical estimation becomes relevant to evaluate the future

we may expect based on the latest policies implemented in the country. Here, we

use the Susceptible-Exposed-Infected-Recovered-Dead (SEIRD) differential model

to explore the consequences of ‘No lockdown’ policy on the future trend of COVID-

19 cases in Bangladesh so that policymaker can take right decisions considering the

socioeconomic structure of the country. .

2. Theory

The SEIRD model is used to forecast the dynamics of the pandemic in Bangladesh.

The model has five time dependent important variables: S, E, I, R, and D.7 Here,

S(t) represents the number of susceptible people at time t, E(t) denotes the number

of exposed people, I(t) symbolizes the number of people infected at time t, R(t)

stands for the number of people who have recovered from the infection and D(t)

indicates the number of deaths.

The total population at time t : N (t)= S (t)+ E (t)+ I (t)+ R(t)+ D(t). A set of

ordinary differential equations is used (see the supplement) to describe the SEIRD

model as shown previously. The basic reproduction number (R0) plays a key role

to identify whether an infectious disease becomes epidemic (R0 > 1) or not (R0

< 1) in any epidemiological analyses. Therefore, the epidemic control methods are

executed to stop the outbreak when R0 > 1.9 The time-dependent reproduction

number, Rt, determines the transmission speed of the pandemic. In this study, we
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set the value of basic reproduction number, R0 ∼ 2.5.

A set of differential equations that describes the SEIRD model:

dS(t)

dt
= − β

N
S(t)I(t) (1)

dE(t)

dt
=

β

N
S(t)I(t) − σE(t) (2)

dI(t)

dt
= σE(t) − γI(t) − µI(t) (3)

dR(t)

dt
= γI(t) (4)

dD(t)

dt
= µI(t) (5)

t is the time duration, where the constants β, γ and µ represent the rate of

infection, recovery and deaths, respectively. The symbol σ stands for the fraction

of the rate of transfer of disease from latent to the infectious stage.

2.1. Parameter values

In this study, we selected the following initial conditions: E(0) = 10, I(0) = 40,

R(0) = 0 and D(0) = 0. It is important to take the correct susceptible population

to model any pandemic, where the entire population can be chosen as susceptible

population. Several studies reported an estimation of susceptible by multiplying

10−3 - 10−5 with the total population of the country based on Germany, South

Korea and China’s COVID-19 outbreak.4 In this note, S0 ∼ N * 10−1 (17 million)

has been taken as it provides the best fit with real data. Moreover, E(0) = 10 was

set in the analysis as it would allow the disease to spread at a moderate rate. We

tested several values of E(0) (not shown in the manuscript) and the value of 10

gives the best fit. The value of transmission rate, β = 0.12 was set for the analysis,

whereas recovery rate, γ = 0.038 day−1 was considered which corresponds to ∼ 26

days. The value of death rate, µ, was taken as 0.0008.

3. Results

Imposing restricted array of measures can have positive impacts on the COVID-19

outbreak, but lockdown cannot last forever without causing enormous damage to

national economies and compromising people’s resilience. In this note, we forecast

the infection spread and death tolls, if the current confinement is withdrawn before

COVID-19 pandemic ends in Bangladesh. The GNU octave (Version 5.2.0) and
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Maple have been used for the SEIRD model simulation and plotting the data.

We consider the functional form of time-dependent reproduction number, Rt and

demonstrate how the lifting of the nationwide confinement at different times might

remodel the location of infection and death peak. Moreover, to check the forecast

error within the predicted data, mean absolute error for active cases and death cases

have been calculated in the analysis.

Fig. 1. A-B) Considering a gradual increase (0.96 ≤ Rt ≤ 1.3) of Rt, dynamics of the infected

population and death tolls as a function of time in Bangladesh, if the lockdown is lifted from
October, 2020 to January, 2021. Withdrawing lockdown on 1st October, 2020 clearly creates the

appearance of second infection peak in June, 2021. The real data are fitted from March 26th to

October 10th, 2020.

The real data keep the Rt values in the range 0.96 ≤ Rt ≤ 3.8 at the beginning

of the pandemic similar to other reports,3,10 whereas we assume a gradual increase

(0.96 ≤ Rt ≤ 1.3) of Rt values once the restricted measures are completely taken

off in the upcoming months. As of October 10th, our simulation forecast 90445 ±
8234 active cases and 10044 ± 1247 death cases due to the current pandemic in

Bangladesh. To further check the correlation between the real data and the sim-

ulated data from the analysis, we measure the correlation coefficient. Notably, we

observe a strong correlation (R ∼ 0.98) by comparing predicted data and real data

of COVID-19 cases (active or death cases). Moreover, an R-squared (R2) of 0.97 in-

dicates that 97% of the observed variation can be explained by the SEIRD model’s

inputs. Thus, based on the current situation, if the lockdown is lifted in Bangladesh

starting from 1st of October, 2020, the SEIRD model predicts the occurrence of next

infection peak (∼ 400000 active cases) at the beginning of June (5th-9th June), 2021
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(Fig. 1A), with a daily death toll going as high as 200 deaths (Fig. 1B). Moreover,

Bangladesh might face the dire consequences by then as approximately 85000 citi-

zens could die due to the COVID-19 outbreak. We further explore the probable fate

of coronavirus affected Bangladesh if the nation exits lockdown from the 1st week of

November, 2020. In that case, the present epidemiological model forecasts the reap-

pearance of infection peak (∼ 370000 active cases) from the third week of July, 2021

with ∼ 75000 deaths associated with coronavirus. Notably, prolonging the current

flexible lockdown until January, 2021 or withdrawing the restrictions from January,

2021, will further shift the infection peak to the middle of September, 2021 (Fig.

1A). In that case, the SEIRD model predicts a total infected number ∼ 330000 and

death toll of 70000 in the third week of September, 2021 (Fig. 1B). Therefore, this

study exclusively predicts COVID-19 pandemic situation in Bangladesh, given the

potential for lift of lockdown at different time points before the outbreak ends.

Fig. 2. A-B) Considering a gradual increase (0.96 ≤ Rt ≤ 1.5) of Rt, dynamics of the infected
population and death tolls as a function of time in Bangladesh, if the lockdown is withdrawn from
October, 2020 to January, 2021. Withdrawing lockdown on 1st October, 2020 clearly creates the
appearance of second infection peak in April, 2021. The real data are fitted from March 26th to
October 10th, 2020.

To estimate the dire consequences due to the current pandemic, next we assume

a gradual increase in Rt values from 0.96 to 1.5 under no restricted conditions.

Similar to our first study, no lockdown from October, 2020 results the next infection

peak with ∼ 820000 corona positive cases on May, 2021 (Fig. 2A). Moreover, if the

Government extends the flexible lockdown to January, 2021, the infection peak will

hit approximately 750000 cases along with ∼ 110000 deaths on August, 2021 (Fig.
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2A). Moreover, we also make further speculation based on the Rt values (0.96 ≤ Rt

≤ 2) in no lockdown environment (Supplement Fig. 3) in Bangladesh.

4. Discussion & Conclusion

Several reports showed the major role of lockdown to slow down the spread of

COVID-19 and in response, the Bangladesh government has set up various strict

measures to keep the rising of outbreak under control.8,10–12 However, as a middle-

income country, Bangladesh might not sustain being restricted in the long run by

imposing prolonged lockdown. Hence, in this study, we forecast the expected con-

sequences of the lift of lockdown and show that ‘no lockdown’ policies could be

jeopardized as it skyrockets the number of COVID-19 positive cases and the death

toll in Bangladesh. Our epidemiological model further predicts about a gigantic

infection peak with enormous death tolls (∼ 75000 deaths) that might start ap-

pearing approximately 6-7 months after the withdrawal of current lockdown. Strik-

ingly, we notice that a prolonged lockdown until January, 2021 might reduce 20

% COVID-19 infected cases by September, 2021. Recently, Hoque and colleagues

indicated that densely populated regions, industrial zones and popular tourist spots

in Bangladesh are in the risk of higher COVID-19 transmission even under flexi-

ble lockdown conditions.8 Thus, we propose to implement zone-coded lockdown in

these areas. Moreover, intercity movements should be limited among these cities to

reduce the infection growth rate until the situation turns into normalcy. Bangladesh

government might think to introduce low-cost rapid antibody/antigen test kits to

set up a large scale testing capacities. This approach will surely help to attenuate

the community diffusion in these cities. Furthermore, extended current restrictions

until January, 2021 will open a window of 9 months to rebuild the health infras-

tructure in the country. Moreover, it will also bring some hope of getting the novel

COVID-19 vaccine to defeat the coronavirus outbreak. As Bangladesh encounters

a three-way tug of war, a battle between the coronavirus pandemic, reviving the

national economy and keeping society on an even keel, the policymakers need to

come up with appropriate lockdown exit framework in order to keep a sustainable

socioeconomic structure of Bangladesh. Therefore, it is a matter of utmost urgency

to keep this relaxed lockdown as long as possible to avoid enormous death tolls and

economic havoc in Bangladesh. In summary, we hope that our study will play a key

role for the policy speculation and estimation of future outbreaks in Bangladesh.
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Supplement:

Fig. 3. A-B) Considering a gradual increase (0.96 ≤ Rt ≤ 2) of Rt, dynamics of the infected

population and death tolls as a function of time in Bangladesh, once the lockdown is taken off
from September, 2020 to December, 2020. Withdrawing lockdown on 1st October, 2020 clearly

creates the appearance of second infection peak in April, 2021. The real data are fitted from

March 26th to October 10th, 2020.
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