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ABSTRACT

Objective To analyse the spatial clustering of COVID-19
case fatality risks in the districts of Bangladesh and to
explore the association of sociodemographic indicators
with these risks.

Study design Ecological study.

Study setting Secondary data were collected for a total
of 64 districts of Bangladesh.

Methods The data for district-wise COVID-19 cases

were collected from the Ministry of Health and Family
Welfare, Bangladesh from March 2020 to June 2020.
Socioeconomic and demographic data were collected from
National Census Data, 2011. Retrospective spatial analysis
was conducted based on district-wise COVID-19 cases

in Bangladesh. Global Moran’s /was adopted to find out
the significance of the clusters. Furthermore, generalised
linear model was conducted to find out the association of
COVID-19 cases with sociodemographic variables.

Results Total 87 054 COVID-19 cases were included in this
study. The epidemic hotspots were distributed in the 11 most
populous cities. The most likely clusters are primarily situated
in the central, south-eastern and north-western regions of the
country. High-risk clusters were found in Dhaka (Relative Risk
(RR): 5.22), Narayanganj (RR: 2.70), Chittagong (RR: 1.69),
Munshiganj (RR: 2.31) Cox’s Bazar (RR: 1.63), Faridpur (RR:
1.65), Gazipur (RR: 1.33), Bogra (RR: 1.35), Khulna (RR: 1.22),
Barishal (RR: 1.07) and Noakhali (RR: 1.06). Weekly progression
of COVID-19 cases showed spatially clustered by Moran’s /
statistics (p value ranging from 0.013 to 0.436). After fitting

a Poisson linear model, we found a positive association of
COVID-19 with floating population rate (RR=1.542, 95% Cl
1.520 to 1.564), and urban population rate (RR=1.027, 95% Cl
1.026 to 1.028).

Conclusion This study found the high-risk cluster areas
in Bangladesh and analysed the basic epidemiological
issues; further study is needed to find out the common
risk behaviour of the patients and other relative issues that
involve the spreading of this infectious disease.

BACKGROUND

The Coronavirus Disease 2019 (COVID-19) is an
emerging infectious disease that was announced
as a pandemic by the WHO on 11 March 2020.!
COVID-19 is caused by infection of severe acute
respiratory syndrome (SARS) CoV-2, a novel
coronavirus that belongs to single-stranded
RNA virus® as well as B coronavirus that is
caused by the zoonosis mood of transmission.
SARS caused by SARS-associated coronavirus
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Strengths and limitations of this study

» This study analysed the spatial distribution
of COVID-19 incidence rate in the districts of
Bangladesh and explored the association with the
socioeconomic and demographic indicators.

» Global Moran’s / was used to determine spatial
autocorrelation.

» Our research looked at the issue from a geograph-
ical standpoint, which might lead to new ideas for
combating the COVID-19 epidemic throughout the
world.

» Population and socioeconomic data, including float-
ing population, were obtained from the 2011 Census
due to availability of data, which may cause bias.

» The COVID-19 data did not identify imported or local
transmitted cases.

(SARS-CoV) in 2013 and 2012 Middle East
Respiratory Syndrome (MERS) have the same
origin as COVID-19 and the fatality rate was
10% for SARS-CoV and 37% for MERS-CoV*
* although the mortality and fatality rates can
be varied country-wise. The novel coronavirus
is identified as SARS CoV-2 because SARS-CoV
and SARS CoV-2’s protein shares 76.47% of
amino acid sequence identity.”

As of 31 May 2020, the number of patients
infected by COVID-19 worldwide was 5 934
936, the number of people who died is 367
166.° The disease is believed to have spread
from a wholesale fish market situated inside
Wuhan city, named Hunan Sea Food Market.
The first confirmed cases were found in
Wuhan on 24 January 2020, from the sample
of three patients showing symptoms of pneu-
monia. After the detection of this new corona-
virus, the first wave was seen in China where 91
701 active cases were found and 4746 people
have already died.” Outside China, the first
case was found in Thailand on 8 January as
that person has been travelling from Wuhan.®
Within 2 February, COVID-19 expanded
to many countries like India, Philippines,
Russia, Spain, Sweden, the UK, Australia,
Canada, Germany, Japan, Singapore, the
USA, the UAE and Vietnam.” And as of 31
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May, almost all of the countries in the world were affected
by this virus. Until 20 September, by case number, USA
(6764970), India (5308014), Brazil (4528240), Russia
(1092915) had the highest number. By the number of
deaths reported, USA (199259), Brazil (136532), India
(85619) and Mexico (73258) have the highest number.’

The exact source of the COVID-19 is still unknown;lo
therefore, bats seem to be one of the prime suspects as
the previously same type of zoonotic diseases have spread
from bats. Some suggest that pangolins may be a possible
source of the virus transmitted through the direct or indi-
rect host.'" Up to 21 September, the mortality rate for
SARS-Cov-2 is 3.10%"* and the mortality rate is changing
gradually. Although this virus has a non-human source of
infection, the transmission can be held human to human
via direct contact by air droplets from another infected
individual'® or by indirect contact like touching contam-
inated objects, inhaling contaminate air, even personal
protective equipment can be the source of contamina-
tion.'"* Symptoms may include fever, fatigue, dry cough,
anorexia, myalgia, dyspnoea, diarrhoea, nausea, dizzi-
ness, vomiting and so on."” '°

COVID-19 situation in Bangladesh in brief
Until 21 September, the total number of clinically
confirmed cases in Bangladesh is 347372, and 4913
people died due to COVID-19, the number of recovered
people is 256 565. According to the data, in 2019, about
700 159 Bangladeshi expatriates are working overseas in
many European and middle east countries.'” As Europe
became the epicentre of COVID-19 after China,'® expatri-
ates started to come back to Bangladesh from many parts
of the world. Due to the lack of safety measures, quar-
antine facilities inside and outside the airport of Bangla-
desh, it was hard to control the spread of COVID-19. The
first case of Bangladesh was found on the 8 March 2020.
The patients are expatriates who came from Italy and
Kuwait."? Later on, the number of infected people gradu-
ally increased. At first, there was a lack of labs to perform
enough tests but gradually 99 labs were established where
1 821 270 people were tested and the case detection
ratio is 19.5%. As this is an ongoing disease, the infec-
tion fatality ratio (IFR) has been calculated as 1.4%. IFR
is recommended by WHO to find out the true severity of
the disease.” Among the total active cases, 72% are male
and 28% are female. The capital of the country, Dhaka
has a population of about 8 906 039 and area of 30 551/
sq. km, which consists of 6% of the total population®' and
has the highest incidence rate and prevalence as 30 124
people are clinically confirmed COVID-19 cases.
Bangladesh is a south-Asian country with 7 divisions
and 64 districts. It has an area of about 147 570 square
kilometres and a population of 162 million** which has
made it the eighth most populous country in the world*
the population density is 1240 per square km.** About
24.8% of people live under the poverty line,” and the
population distribution in the urban and rural areas is
consequently 28.3% and 76.7%.°

Bangladesh preparedness and response to COVID-19

Bangladesh developed health facilities at the tertiary
level at the national and divisional levels which are affili-
ated with medical colleges as well as buildup community
clinics by implementing the 4th Health, Population and
Nutrition Sector Program (2017—2022).27 Besides, the
data of WHO say that there is still a shortage of health
professionals in Bangladesh. According to the ‘SDG
index threshold’, there should be 4.45 doctors, nurses
and midwives per 1000 population, but in Bangladesh,
the SDG’s Bangladesh progress report, 2018 says that
the health worker density is 8.3 per 10 000 population
which is not enough to meet the demand of the huge
population.28 Although the first case was announced on
8 March 2020, it is thought that the disease has spread
earlier that time.* On 16 March, the government closed
all of the educational institutions to control the spread
of the virus. On 18 March, National Preparedness and
Response Plan was adopted by the Bangladesh govern-
ment to fight against COVID-19 with a total cost of US$ 29
550 000 million. Bangladesh announced the first phase
of lockdown from 26 March, 18 days after the first case
was found. Later on, the lockdown was prolonged until 30
May. Within this time, the number of active cases reached
44 608 followed by 610 number of deaths. From 31 May
until now, partial lockdown was implemented to let
people work by maintaining social distance and precau-
tions. Initially, the COVID-19 test was performed in the
Institute of Epidemiology, Disease Control and Research
(IEDCR), and a new fully automated RNA extraction
machine was delivered to the IEDCR lab.*” The testing
facility was not enough to test more cases quickly as IEDCR
began to decentralise the testing facility outside Dhaka
and now there have been established 99 labs around the
country. Bangladesh’s health ministry is coping with the
regulations provided by the WHO and implementing the
interventions by local and international organisations
and health resources. The government of Bangladesh
also recruited 2654 health service providers, at least 2000
doctors, and 6000 nurses to fight against the ongoing

R
pandemic.

Purpose of our study

COVID-19 spread in Bangladesh encouraged us to
discover the disease distribution district-wise to explain
the association of COVID-19 with socioeconomic and
demographic indicators.

MATERIALS AND METHOD

Study area and design

Bangladesh is a south-Asian country situated between
20°34’ to 26°38’ north latitude and 88°01” to 92°41” east
longitude. The maximum extension is about 440 km in
the E-W direction and 760 km in the NNW-SSE direc-
tion. The total area is 147570 square kilometres, with 64
districts, 8 divisions of which were covered in this study.
Geographical information system (GIS) was used to
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geo-code the neighbourhood districts level, and surveil-
lance records were tested to avoid misclassification. More-
over, a generalised linear model (GLM) was performed
to check the relationship between COVID-19 cases and
socioeconomic and demographic variables.

Data collection

The district-wise COVID-19 number of cases was collected,
which was used to measure incidence rate, case fatality ratio.
The date was arranged weekly basis and total case format
from 8 March to 28 June from the Institute of Epidemiology,
Disease Control and Research (IEDCR), working under the
Ministry of Health and Family Welfare, Bangladesh.

Predictor variables including socioeconomic and
demographic, geographical, population projected data
were collected from different sources. Socioeconomic
and demographic data including population density
(PD/per square km) was collected from national census
data 2011, floating population data (Rate_floating) was
collected from population distribution and internal
migration in Bangladesh, volume-6, BBS, urban popula-
tion data (Rate_URPOP) was gathered from ‘Changing
Patterns of Urbanization in Bangladesh: An Analysis of
Census Data’, Volume-12, BBS. The projected popula-
tion data were collected from annual TB data 2015-2017.
The district’s name, code, area (km?), longitude and lati-
tude of the centroids associated with each district were
collected from the National Census data 2011.

After gathering the raw data, all of them were imported
to Microsoft Excel 2016 (Microsoft, Redwoods, Wash-
ington, USA) and linked to the respective location in
the geographical information system. GIS mapping was
performed by GeoDa 1.14.0 software.

Statistical analysis

Descriptive analysis

Descriptive analysis was performed for cumulative aggre-
gated weekly data and socioeconomic and demographic
variables. Weekly cumulative case fatality rate (CFR) was
calculated by the following formula:

Cumulative number of weekly deaths 100
Cumulative number of weekly cases

Spatial analysis

We used the GeoDa tools to generate spatial analyses, and
Moran’s /index. These all assist to verify whether the case
distribution is scattered, dispersed or random.*?

The spatial weights matrix was used to describe the
geographical connections between the districts. For
spatial weights, we used a first-order queen continuity
weights matrix, which defines neighbours as those that
have a common boundary or vertex. Using the district-
level polygon-shaped dataset, a queen weights matrix was
created in GeoDa. The Moran’s [ statistic is perhaps the
most widely used measure of global spatial autocorrela-
tion. It is a cross-product statistic between a variable and
its spatial lagged version, with the variable represented in
SD from the mean. The Moran’s /is represented as

i WiZiZy/ S

g > Z§/”

For and observation at location i, this is expressed as
Z; = xi — x, where x is the mean of variable x, with wjj
as the elements of the spatial weights matrix where,
So=>; Zj Wj; is the sum of all the weights, and 7 as the
number of observations. The randomisation was followed
by 999 permutations and pseudo p value. The formula is

_ R+l
P = 3T .
where Rrepresents the number of times the computed

Moran’s I from the spatial random data sets (the
permuted data sets) is equal to or more extreme than the
observed statistic. M equals the number of permutations.
The latter is typically taken as 99 999 and so on, to yield
nicely rounded pseudo p values.

The pseudo p value is only a summary of the result from
the reference distribution and should not be interpreted as
an analytical p value. GIS and mapping have been applied to
find out the distribution of incidence rate district-wise. We
obtained the map of the incidence rate districtwise for 28
June in GeoDa software. To measure spatial autocorrelation
in the COVID-19 case by location, Moran’s I was performed
by GeoDa. To test the significance of Moran’s I index, we did
randomisation by limiting our data to 999 permutations as it
is considered sufficient for reliable inference. Location data
indicate the latitude and longitude of each district. In our
cases, we used the centroids of latitude and longitude for
64 districts that represent the country Bangladesh. To see if
there were any statistically significant geographical clusters
of COVID-19, we used SaTScan v9.6 to conduct spatial scan
statistical analysis based on Kulldorf cluster detection.” **
Case, population and coordinate data were used as inputs to
SaTScan for purely spatial analysis.

The number of occurrences in a given region is Poisson
distributed according to a known underlying popula-
tion at risk, including a Poisson-based model.” For the
floating population and urbanisation data, the rate was
measured and used for descriptive study and GLM. In
the GLM, we used normalised population density data,
floating population raw data were collected, and then the
standardised rate was measured by the following formula:

Number of floating population
Projected population x 1000

Similarly, the urban population rate was measured by

Urban population
Projected population

x 100

Patient and public involvement

COVID-19 in Bangladesh is a major concern due to
the mass spread of this disease throughout the country.
We collected available online data from the relevant
authority under ‘Ministry of Health and Family Welfare’.
No patients were directly involved in our study. We just
collected the district-wise aggregate data for the active
number of COVID-19 cases. As this is a cross-sectional
study, no patients were recruited for our study.
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Table 1 Descriptive analysis of COVID-19 data and other indicators

Mean SD* Minimum Maximum Moran’s / P value
Area (km?) 2307.34 1184.16 2011.54 2603.14 0.313 0.001
Population projected 2 528 489 2102 615 461 221 14 902 369 0.035 0.211
Population density (per km?) 1124 1057 87 8229 0.239 0.004
Urban population rate (%) 15.59 7.54 3.68 39.81 -0.003 0.406
Floating population rate (per 1000) 0.65 0.61 0.07 2.95 0.190 0.018

Note: Data were measured district-wise.

RESULTS
Descriptive analysis and trend of COVID-19 prevalence and
incidence
In our study period from 8 March to 28 June, the total
number of clinically confirmed patients was 137 787, 1738
people have died and 55 727 patients are recovered. The
descriptive statistics of the variables used in our study are
illustrated in table 1. The daily number of cases affected,
recovered and deaths along with the important deci-
sion made by the government during the study period is
shown in figure 1.

Table 2 illustrates the weekly progression of COVID-19
in Bangladesh. The CFR was highest in week 3 (10.42%)

may be due to the poor management of new cases. The
CFR for week 16 is 1.26%. From week 5, CFR showed a
decreasing trend. In figure 2, we can see that dramatic
change in new cases from April to May as the case number
increased four times higher. For June, the case number
increased two times higher than in May.

Dhaka city has the highest number of active cases, 30 124
patients (IR: 202/100 000), it is considered the epicentre
of the country. The next highest number of the case was
noticed in the Chittagong district with 7466 number of
infected cases (IR: 87.96/100 000). Both Dhaka and Chit-
tagong districts are most economically active. Except for
Dhaka and Chittagong, districts like Narayanganj (IR:

[ Total number of deaths
[cinically confirmed cases
[ Total number of recovered

20,0007

15,000

26th March - 30th May
Six-phases shutdown
Government holiday

June

Cases: 98330
Deaths: 1197
Recovered: 49843

WHO declared COVID-19

10000 | as pandemic

__|1stCases detection of

COVID-19

5,000 Apil
March Cases: 7616
Cases: 51 Deaths: 153
Deaths: 05 Recovered: 135
Recovered: 25

May

Cases: 39486
Deaths: 482
Recovered: 9521

<
QO oz

Figure 1 Daily progression of new cases, recove

nd deaths.
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Table 2 Weekly progression of COVID-19 in Bangladesh

Week Week Week Week Week Week Week Week Week Week Week

1 2 Week 3 Week4 5 6 7 8 9 Week 10 11 Week 12 Week 13 14 15 16

15 22 29 12 19 26 10 21

March March March 5 April April April Aprii 3May May 17May 24May 31May 7June 14June June 28 June
Clinically 5 22 21 40 533 1835 2960 4049 5202 7611 11342 13543 18616 21751 24786 25481
confirmed
Total deaths 0 1 4 4 25 57 54 32 51 100 152 170 238 283 293 274
Total 4 0 1 15 9 36 47 941 1587 1723 2528 2880 4122 4828 26 346 10650
recovered
CFR 0 3.70% 10.42% 10.23% 5.48% 3.71% 2.68% 1.87% 1.56% 1.47% 143% 1.38% 1.88% 1.34% 1.30% 1.26%

CFR, case fatality rate.

140.19/100 000), Munshiganj (IR: 122.46/100 000),
Faridpur (IR: 88.09/100 000), Cox’s Bazar (IR: 86.83/100
000) have the highest number of incidence rate. The map

Spatial pattern of COVID-19 cases
To analyse the spatial risk ratio of the COVID-19 cases in
Bangladesh, we performed spatial scanning analysis using

corresponding to the IR showed in figure 2 illustrates the
progression of the disease from 8 March and on 28 June
2020, the central region, north-eastern region, southern
region, south-western region and south-eastern region of
Bangladesh have the highest incidence rate.

SaTScan. By setting a 25 km radius and taking 50% popu-
lation at risk, we ran an analysis which is illustrated in
table 3. As of 28 June, the higher risk cluster area by anal-
ysis is Dhaka (RR: 5.22), the district Narayanganj district
has a higher risk ratio after Dhaka district (RR: 2.70).
Both Dhaka and Narayanganj districts are situated in the
central region of the country. Table 3 is showing other

8th March 15th April 26th April 3rd May

10th May 17th May

24th May 31st May

b »

28th June

e

Incidence of COVID-19
0.00

0.00 to 4.99

5.00 to 14.99
[7 15.00 to0 29.99
I 30.00 to 49.99
M >50

Figure 2 Geographical distribution of COVID-19 in Bangladesh.
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Table 3 Information about high risks cluster at the district level
Cluster Cluster Population Number of Expected
location radius (km) Area (km? projected cases cases RR 95% CI P value

Primary (28 Dhaka 0 1464 14902 369 30124 8016.83 5.22 5.14t05.29 <0.001

June)

Secondary Narayanganj O 700 3581619 5021 8016.83 2.70 2.63t02.78 <0.001
Chittagong 0 5282 8 487 703 7466 4566.02 1.69 1.66t0 1.74 <0.001
Munshiganj 0 1004 1587 462 1944 853.99 2.31 220to2.41 <0.001
Cox’s Bazar 0 2492 2706 294 2350 1455.87 1.63 1.57t01.70 <0.001
Faridpur 0 2052 2 074 050 1827 1115.75 1.65 1.581t01.73 <0.001
Gazipur 0 1806 4608 125 3270 2478.97 1.33 1.291t01.38 <0.001
Bogra 0 2898 3758 332 2713 2021.82 1.35 1.30to 1.41  <0.001
Khulna 0 4394 2377776 1551 1279.14 1.22 1.16t0 1.28 <0.001
Barishal 0 2785 2 399 086 1378 1290.61 1.07 1.01t0 1.13  <0.001
Noakhali 0 3685 3 547 221 2013 1908.25 1.06 1.01t01.10 <0.001

areas with active cases cluster and higher risk ratio for
example, Chittagong (RR: 1.69), Munshiganj (RR: 2.31),
Cox’s Bazar (RR: 1.63), Faridpur (RR: 1.65), Gazipur
(RR: 1.22), Bogra (RR: 1.35), Khulna (RR: 1.22), Barishal
(RR: 1.07) and Noakhali (RR: 1.06). Most of the high-
risk clusters were notified in the central, north-eastern,
south-eastern, southern and south-western regions of
Bangladesh.

Moreover, we used the Global Moran’s I statistics for
each week mentioned in table 2 independently to deter-
mine the degree of the geospatial autocorrelation and
clusters of the outcome variable. The prevalence of posi-
tive geographical clustering of COVID-19 cases in the 64
districts was shown by a global spatial correlation study (p
value ranging from 0.013 to 0.436) (table 4).

Table 4 Global spatial autocorrelation of COVID-19 cases
in Bangladesh

The association of COVID-19 cases with socioeconomic and
demographic variables

The association of COVID-19 cases with socioeconomic
and demographic variables was explored using GLM
(table 5), and we found positive association of COVID-19
with population density (RR=1.762, 95% CI 1.105 to
2.810), floating population (RR=1.461, 95% CI 1.171 to
1.824), urban population (RR=1.003, 95% CI 1.002 to
1.004) with a good fit.

DISCUSSION

COVID-19 was first detected in Bangladesh 43 days
after it was discovered in China. Expatriates from other
nations were returning home since those countries were
affected by COVID-19. Because of the large number of
expats, the government agreed to enable them to accept
home quarantine, meaning they would be separated from
their families while at home. On 8 March, three patients
with clinically confirmed COVID-19 were identified.*
Two of them have come back from Italy and Kuwait. On
that particular day, Italy had 6387 active cases and 366
deaths, consequently, Kuwait had 63 active cases with no

Weeks Moran’s / Z score P value
Week 1 -0.029 -0.2632 0.436 Table 5 The association of socioeconomic and
Week 2 0.090 2.5116 0.049 demographic variables with COVID-19 cases using GLM
Week 3 0.113 3.8296 0.013 95% CI
Week 4 0.080 3.4456 0.018 Parameter Exp(B) SE Lower Upper P value
Week 5 0.058 3.2013 0.021 Population 1.000 1.22E-6 1.000 1.000 <0.001
Week 6 0.077 2.9062 0.036 density
Week 7 0.037 2.3581 0.035 Urban 1.027 0.0006 1.026 1.028 <0.001
population

Week 8 0.043 2.4551 0.034 rate (%)
Week 9 0.043 2.4033 0.034 Floating 1542 0.0073 1520 1.564 <0.001
Week 10 0.043 2.3933 0.032 population
Week 11 0.073 2.4825 0.031 Dependent variable: total COVID-19 Cases.
Week 12 0.073 2.2439 0.040 GLM, generalised linear model.
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death.’” On 11 March, WHO announced COVID-19 as
a pandemic,38 and from 26 March, the government of
Bangladesh started government holidays as offices, trans-
portation, educational institutions, religious places and
shopping malls were shut down due to control the spread
of COVID-19.* As seen in table 2, the number of active
cases increased gradually during the first 4 weeks after the
detection of the first case. From 12 April, the fifth week
after the first case, the active cases increased dramatically
to 605.68% as 533 new clinically confirmed cases were
found in a week.

Certainly, Dhaka city has the highest number of clinically
confirmed patients with COVID-19 due to massive popula-
tion density which is situated at the central region.*”* The
city has 6 970 105 residents and a population density of
55 169 people per square kilometre, whereas the national
population density is 976 persons per square kilometre.*
Munshiganj district was at high risk since 17 May prob-
ably due to the two busiest river ports connecting Dhaka
and Munshiganj districts. People used to pass through
the ferry with vehicles followed by fewer safety distance
concerns. Daily, about 200 000 people are engaged in
internal water transport for transporting passengers,
goods and cargo in Bangladesh.*” Narayanganj, Munshi-
ganj, Gazipur and Faridpur districts, which are adjacent to
Dhaka city, showed a high-risk ratio. All of these districts
pointed out by 25 km radius using SaTScan tool are the
most important districts economically in Bangladesh.
The disease transmission may happen because the inter-
transportation and migration among these city is consid-
erably frequent than others. The higher Z-value and the
significant level of Moran’s /value is confirming the exis-
tence of the spatial cluster of COVID-19 at different parts
of the country. Previous studies have found population
density," ** * unemployment,*” wind speed,* the elderly
population,* urban population,*** the exported popula-
tion from the epicentre throughout the country’' and so
on, are related with the spread of COVID-19 prevalence.
Our study showed that urban population may increase
the prevalence of the disease due to more activities and
movement occurring by people which is also suggested
by other authors.”® > Furthermore, floating population is
significantly associated with COVID-19 cases. The ‘Popu-
lation distribution and internal migration in Bangladesh’
data have shown that there is 147 674 number of floating
population around the country, 68% of them are from
urban areas.'” Furthermore, it was a challenge to keep
the expatriates quarantined. Therefore, the movement of
the mass population including the expatriates at different
parts of the country may be played an important role in
spreading the disease.”

Strengths of the study

This study explored the spatial pattern in different ways
using various cluster radii and considering the socioeco-
nomic and demographic indicators to measure the risk.
The high-risk cluster districts sorted out in this research

will help the policymakers to initiate appropriate inter-
ventions to reduce the cases in those regions.

Limitations of the study

The limitations of this study should be also mentioned.
The sociodemographic data used in this analysis were
collected from 2011 census data that can vary during the
research period. The real-time weather data were absent,
and the health behaviour of individual COVID-19 positive
cases should take under research to find out any common
behaviour that has led to the spread of this disease. We
are expecting more research in the future will be carried
out to answer these questions.

CONCLUSION
COVID-19 in Bangladesh is still a grieve concern. The
high-risk districts will show more cases if public health
measures are not implemented. Therefore, we hope this
study will provide some necessary information about
risky clusters. We should also give importance to mete-
orological factors that are associated with COVID-19
spread and provide support for more risk groups to avoid
further progression of this infectious disease. Bangladesh
is already in the top 20 countries in the world that have
the most active cases. Being a densely populated country,
COVID-19 has made it hard to stop immediately. Scientists
have also warned about the fourth wave of novel corona-
virus which can bring more people to death row. Until the
vaccine is invented and implemented, the government,
as well as people, should be more conscious about the
consequences of this new deadliest disease on the planet.
Some recommendations can be proposed according to
the situation. First, we admit that the CFR is still very low
in Bangladesh, but the active case number was followed
by an increasing trend. It can be reduced by taking more
strict measures to refrain people from group activities.
The people of Bangladesh are driven by poverty and reli-
gious activities. Due to poverty, people do not have any
other choices rather going outside to earn their liveli-
hood. Thus, this population should be monitored prop-
erly to ensure that they are following the safety distancing
rules and properly using masks and hand sanitizers. Secu-
rity forces, health staff, volunteers can take part to follow
up on the safety protocol maintained by people. Those
who do follow the rules should be guided to follow the
rules. Many religious activities require gathering and
should be also eliminated by involving the guidance
provided by religious leaders countrywide. For COVID-19
screening, effective testing facilities are needed to detect
more hidden cases at the community level. There should
be more control over human movement alongside the
high-risk cluster districts to avoid further infection and
disease progression.
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