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Abstract N
The coronavirus disease 2019 (COVID-19) pandemic has become a public health crisis and a global catastrophe for human societies. |
In the absence of a vaccine, non-pharmaceutical interventions have been implemented across the world to reduce COVID-19
transmission. Recently, several studies have articulated the influence of meteorological parameters on COVID-19 infections in
several countries. The purpose of this study was to investigate the effect of lockdown measures and meteorological parameters on
COVID-19 daily confirmed cases and deaths in Bangladesh. Different parameters, such as case fatality rate, recovery rate, number of
polymerase chain reaction tests, and percentages of confirmed cases were calculated for data covering March to September 2020.
The meteorological data include daily average temperature, humidity, and wind speed, and their effects on COVID-19 data were
analyzed after O, 3, 7, and 14 days. A linear regression analysis revealed that all the studied meteorological parameters were positively
correlated with the daily new cases and deaths in Bangladesh, while the highest correlations were observed for the 14 days
incubation period. These results provide useful implications for the healthcare authorities to contain the pandemic in Bangladesh and
beyond.
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Introduction

Coronavirus disease 2019 (COVID-19) is a pathogenic viral
infection caused by a new coronavirus strain named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) that was first
reported in Wuhan, China, in late December 2019." This disease has
rapidly spread to other parts of the world and has become a global
public health emergency. Later, on March 11, 2020, the World
Health Organization declared this global outbreak as a pandemic.
Two other highly pathogenic viruses of this family—SARS-CoV and
Middle East respiratory syndrome coronavirus (MERS-CoV) —
were also responsible for the earlier global outbreaks this century,
with 11% and 34.4% case fatality rates (CFR), respectively.”> As of
September 30, a total of 33,249,563 positive cases and 1,000,040
deaths have been confirmed worldwide.* The symptoms of COVID-
19—infected patients varies from mild to severe. The most common
symptoms include fever, cough, muscle aches, fatigue, shortness of
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breath or trouble breathing, and a sore throat.” The average
incubation period for COVID-19 is 2 to 14 days; however, different
incubation periods have been observed in a few places.®” Recent
studies confirmed that respiratory droplets and close contact with
infected patients are the major routes of human-to-human
transmission.®

The highly contagious nature of SARS-CoV-2 and the lack of
vaccines or effective treatments have made this pandemic an
international crisis that affects the global healthcare system and
triggers devastating social and economic consequences. Developed
countries with modern healthcare facilities like France, Spain, Italy,
and the USA have been affected massively. In response to the
increasing number of COVID-19 cases and related deaths, many
countries have implemented non-pharmaceutical physical inter-
ventions to halt the transmission of SARS-CoV-2, such as
nationwide lockdowns, restriction to public movements, prohibit-
ing public gatherings, ensuring physical distancing, closing
educational institutes, canceling flights, and wearing face masks.”
The ultimate goal of such measurements is to reduce the infection
rates by stopping the transmission chain, thereby buying some extra
time for the arrangement or upgrading of existing healthcare
infrastructure, training of the healthcare assistance, and enhancing
testing facilities. Several countries, such as China, South Korea,
Vietnam, and Singapore, reduced the case numbers dramatically
through strict social distancing and mass testing measures.'®!!
Among European countries, Italy first imposed nationwide lock-
down measures. However, different European countries adopted
different degrees of control measures to flatten the infection curves.

Similar to the developed countries, various low developed/
developing countries resorted to comparable measures. To limit
the spread of this new coronavirus, Bangladesh also acted to
restrict the free movement of citizens since the identification of its
first case on the March 8th, 2020. After confirming the first 33
COVID-19 patients, the government of Bangladesh (GoB)
initially ordered a nationwide general holiday (similar to
lockdown) from March 26th to April 9th, 2020, which included
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all educational institutions, commercial establishments, and
shopping malls, and imposed restrictions on different transpor-
tation systems, including buses, trains, ships, and flights.'?
Moreover, the GoB arranged the facilities of home and
institutional quarantine for the exposed individuals/overseas
travelers through the enhancement of contact tracing.'? The GoB
also urged its citizens to strictly follow social distancing and
maintain proper hygiene. The nationwide lockdown in
Bangladesh was extended several times until May 30th. Unlike
most other countries, Bangladesh also arranged emergency public
health services and specially dedicated hospitals with COVID-19
units for isolating the affected individuals and ensuring proper
treatment. Initially, polymerase chain reaction (PCR) based
COVID-19 testing was only conducted by the Institute of
Epidemiology, Disease Control and Research, Dhaka. Later, the
testing facilities were gradually expanded nationwide to ensure
sufficient testing opportunities for the suspected individuals.
From June 1st, 2020 onwards, Bangladesh started to partly ease
lockdown and restrictions on public movements were gradually
relaxed.'>'*

A few recent studies demonstrated that the human-to-human
transmission of SARS-CoV-2 might be influenced by environ-
mental factors like temperature, humidity, and wind speed.'>”
A group of researchers in China found that temperature
significantly shapes the infection rates of SARS-CoV-2.!® The
impact of temperature and humidity on the incidence and
mortality due to the COVID-19 pandemic was investigated in ten
European countries and this study found a significant correla-
tion.' A similar association has also been reported for
Indonesia,"® Turkey,?® the Middle East Region,'” Singapore,!
Spain,?? the USA,* and Norway.”* However, there is still
considerable debate on the impact of meteorological parameters
on COVID-19 cases, indicating that further scientific evidence is
needed to clarify this relationship.

The current study aimed to identify the effectiveness of different
administrative strategies against COVID-19 and analyze the
impact of meteorological parameters, such as daily temperature,
humidity, and wind speed, on the number of reported daily cases
and mortality due to COVID-19 using statistical regression
analysis. As the incubation period of COVID-19 varies from 1 to
14 days, we have evaluated the effect of each meteorological
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parameter at four time points, namely on day 0, 3, 7, and 14 before
the respective clinical parameters.

Results

Impact of lockdown measures on the daily COVID-19
cases in Bangladesh

The first case of COVID-19 was reported in Bangladesh on March
8th, 2020, and we have analyzed the trend of daily cases until
September 30th, 2020. The GoB imposed nationwide lockdown
(general holiday) measures on the 26th of March, and followed-up
with seven extensions until the 30th of May. To analyze the
effectiveness of lockdown measures on the daily COVID-19 cases,
we divided the entire period into three consecutive periods: pre-
lockdown phase, lockdown phase, and lockdown easing phase.
During the pre-lockdown phase from March 8th to March 25th, the
total number of cases was only 44 and only 920 PCR tests were
conducted (Figure 1A). This indicates that the actual number of cases
might be higher than the reported cases.”> Importantly, over 663
thousand people entered the country between January 21st and
March 26th.?> As a result of insufficient testing facilities and poor
government monitoring, the number of daily cases stayed very low
during the pre-lockdown phase.

During the lockdown phase, the number of daily COVID-19
cases increased gradually as the number of PCR tests and the
testing facilities expanded across the country (Figure 1A).
However, the daily case numbers increased dramatically in the
latter part of the lockdown phase as thousands of people returned
to the major cities after celebrating Eid-ul-Fitr (the biggest
religious festival in Bangladesh), thereby ignoring the risks of
infection and transmission. Therefore, the daily case numbers
climbed rapidly to 2523 on May 29th. Despite the increasing
number of new daily cases, the GoB eased the nationwide
lockdown on May 31st. After reopening the daily activities
(except educational institutes) with several health restrictions,
daily cases escalated further and peaked at 4019 new cases on
July 2nd (Figure 1A). The unwillingness of the citizens to follow
the health instructions of social distancing amid the pandemic,
wearing facial masks, and restrict movements are a few major
reasons behind the sharp increase in the post-lockdown period.
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Figure 1. The number of confirmed COVID-19 cases in Bangladesh from March 8th to September 30th, 2020. A: The total number of daily cases were
presented for 7 months and divided into three phases: pre-lockdown, lockdown, and lockdown easing phase. B: Regression analysis between the number of daily
PCR tests and the number of daily confirmed cases. COVID-19: coronavirus disease 2019; PCR: polymerase chain reaction.
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Figure 2. Analysis of COVID-19 case fatality rate, daily new cases, recovery rate, and daily PCR tests from April to September 2020 in Bangladesh.
The COVID-19 case fatality rate (CFR), percentage of confirmed cases, total daily cases per 1 million and total daily PCR tests per 1 million are presented as line
graphs and the COVID-19 recovery rate is presented as bar graphs for April (A), May (B), June (C), July (D), August (E), and September (F). COVID-19: coronavirus

disease 2019; PCR: polymerase chain reaction.

Several studies suggest that the robust implementation of control
measures may result in the decline of the number of daily COVID-
19 cases.”** 8 The daily cases showed a gradual decline from the
first week of July onwards (Figure 1A). Importantly, a direct
positive correlation between the number of PCR tests and the
number of daily new cases was observed (Figure 1B), indicating
that reduced testing might have contributed to the observed
decline in daily cases.

Analysis of CFR, recovery rate, number of tests, and new
cases

Estimation of the CFR during an ongoing pandemic is critical
due to the calculation biases and inconsistent data patterns. Many
patients remained undiagnosed with COVID-19 during the initial
outbreak phase because they were asymptomatic or due to the
limited access of testing facilities, even for critically ill patients.*’
Some factors are important and should be considered during the
calculation process to minimize the biases, such as the number of
tests, the average lag time between the onset of symptoms and
deaths, healthcare facilities, coinfections, comorbidities, patient
demographics, testing of both symptomatic and asymptomatic
people, and the effectiveness of lockdown measures. Here, we have
analyzed the month-wise data relative to the number of COVID-19
deaths, recovery, number of PCR tests, and percentage of positive
cases from April to September, 2020. The CFR of COVID-19 in
Bangladesh varies significantly due to the early biases, but after an
initial spike in the first month, it decreased rapidly and remained at
baseline level over the remaining five-month period (Figure 2).
Initially, the average CFR for April was 81%, which was much
higher than the CFR observed at a global level.>**! There might be
some critical elements behind this discrepancy, such as a lack of
SARS-CoV-2 PCR testing, inadequately organized hospital beds
and ICUs, personal protective equipment shortages for healthcare
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workers, and insufficient lockdown implementation.**~* More-
over, testing was confined only to critically ill and hospitalized
patients. Therefore, the number of confirmed COVID-19 related
deaths wasrelatively higher. Over time, with the increasing number
of PCR tests and adequate healthcare facilities, the CFR dropped
dramatically with an average of 2.2%, 1.8%, 1.2%, 1.7%, and
1.6% for the months May, June, July, August, and September,
respectively. Although there was a slight increase over the last 2
months, the average CFR per month remained steady with the
enhancement of other medical and administrative measures.
Three critical elements that might influence the CFR largely
are: (a) the rate of recovery of the PCR confirmed patients, (b) the
number of PCR tests performed per million population, and (c)
the total number of new positive cases per million/percentage of
the daily positive cases for each month. Since all these parameters
have a large impact on the previously explained CFR (Figure 2),
we have further analyzed these in more detail. Most COVID-19
positive people show mild to medium illness,> but when patients
do not take sufficient rest and medication, manageable symptoms
might turn into life-threatening conditions that could ultimately
result in death.’® Thus, we have tracked the infection rate
alongside the recovery rate. But we were only able to analyze the
data of confirmed cases, as the data for patients showing only
COVID-19 symptoms without performing tests were not
available. However, a steady increase in the overall COVID-
19 recovery rate was observed starting from 40% in April to
more than 100% in August and September (Figure 2). Similarly,
the number of PCR tests per million showed a gradual
enhancement with values of 0.85, 30.07, 71.94, and 111.61 at
the end of March, April, May, and June, respectively. However,
due to a religious festival and natural adversities, the number of
PCR tests per million went down to 76.41, 75.444, and 81.19 at
the end of July, August, and September, respectively. Interesting-
ly, the number of new positive cases and the percentage of
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positive tested cases showed a similar upwards trend along with
the number of daily PCR tests in the first three months (April-
June). However, a declining trend was observed over the last 3
months (July-September), where the number of positive cases
decreased down to only 10% on the 30th of September.

Correlation between meteorological parameters and
COVID-19 daily cases and deaths

Pearson correlation tests were performed to examine the
correlation between the number of daily confirmed cases and
deaths with the meteorological variables daily mean temperature,
humidity, and wind speed. These meteorological parameters were
considered as independent variables, while the clinical data of
four time points, namely on the day, and after 3, 7, and 14 days
were considered as dependent variables. The correlation between
temperature and daily confirmed cases was positive for all four
time points (Table 1, Figure 3A-D). Interestingly, a negative
correlation trend appears to become visible upwards of 29.5°C.
Importantly, the strongest correlation was observed for the daily
positive COVID-19 cases with the temperature 14 days prior (r=
0.620, P<0.001; Table 1). Similar correlations were observed
between the average temperature and the daily COVID-19 deaths
(Table 1, Figure 3E-H). Again, the strongest correlation was
observed between the daily deaths and the temperature 14 days
prior (r=0.661, P<0.001; Table 1).

Similarly, a significant positive correlation was observed
between daily mean humidity, and the daily confirmed cases
and daily deaths (Table 1 and Figure 4), indicating that an
increase in humidity results in higher daily cases and deaths.
Similar to what was observed for the average temperature, the
average humidity 14 days prior showed the strongest correlation
with daily cases (r=0.653, P<0.001; Table 1) and daily deaths
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(r=0.673, P<0.001; Table 1). Finally, we evaluated the
correlation between the daily wind speed and the number of
COVID-19 cases and associated deaths (Table 1, Figure 3).
Although the correlation was not as strong as observed for
temperature and humidity, a positive correlation was still
observed, particularly for the wind speed 14 days prior and the
daily new cases (r=0.329, P<0.001; Table 1) and the daily
deaths (r=0.352, P<0.001; Table 1). Overall, these results imply
that daily confirmed cases and deaths are positively correlated
with temperature, humidity and wind speed, most strongly with
the meteorological parameters observed 14 days prior, which is
likely related with the incubation period of COVID-19.

Regression analysis between meteorological parameters
and daily cases and deaths

Regression analyses were performed to determine the changes
in daily confirmed COVID-19 cases and deaths with a 1-unit
change in meteorological parameters. Regression analysis
between temperature and daily cases and deaths showed that
with an increase of 1°C 14 days prior, the number of daily cases
and deaths increased by 396.898 (P<0.001) and 5.829 (P<
0.001), respectively (Table 1). Similarly, for every 1% increase in
humidity 14days prior, the daily new cases of COVID-19
increased by 62.102 (P<0.001) and daily deaths increased by
0.881 (P <0.001), while for every m/s increase in wind speed 14
days prior the daily cases and daily deaths increased by 197.876
(P<0.001) and 2.908 (P<0.001), respectively.

Discussion

The distressing situation caused by the COVID-19 pandemic
resulted in a global crisis with devastating consequences for our

The overall correlation coefficient between the daily new cases and deaths due to COVID-19 pandemic with the daily mean temperature,
humidity, and wind speed in Bangladesh from April to September 2020

Parameters Correlation coefficient, r 95% CI R B Standard error Significance
Temperature on the day versus daily cases 0.486 0.347-0.584 0.236 345.150 43.345 P<0.001
Temperature 3 days prior versus daily cases 0.536 0.431-0.627 0.287 369.916 40.680 P<0.001
Temperature 7 days prior versus daily cases 0.560 0.459-0.647 0.314 385.221 39.745 P<0.001
Temperature 14 days prior versus daily cases 0.620 0.528-0.697 0.384 396.898 35.087 P<0.001
Temperature on the day versus daily deaths 0.495 0.384-0.591 0.245 4.838 0.593 P<0.001
Temperature 3 days prior versus daily deaths 0.538 0.434-0.628 0.291 5114 0.560 P<0.001
Temperature 7 days prior versus daily deaths 0.596 0.500-0.677 0.261 2.583 0.314 P<0.001
Temperature 14 days prior versus daily deaths 0.661 0.577-0.731 0.437 5.829 0.462 P<0.001
Humidity on the day versus daily cases 0.611 0.518-0.690 0.374 60.289 5.451 P<0.001
Humidity 3 days prior versus daily cases 0.624 0.533-0.716 0.390 61.428 5.367 P<0.001
Humidity 7 days prior versus daily cases 0.643 0.555-0.716 0.413 62.355 5192 P<0.001
Humidity 14 days prior versus daily cases 0.653 0.567-0.725 0.427 62.102 5.028 P<0.001
Humidity on the day versus daily deaths 0.635 0.547-0.711 0.404 0.863 0.073 P<0.001
Humidity 3 days prior versus daily deaths 0.636 0.547-0.711 0.404 0.861 0.073 P<0.001
Humidity 7 days prior versus daily deaths 0.644 0.556-0.717 0.414 0.860 0.071 P<0.001
Humidity 14 days prior versus daily deaths 0.673 0.591-0.741 0.453 0.881 0.068 P<0.001
Wind Speed on the day versus daily cases 0.262 0.130-0.384 0.068 158.52 40.819 P<0.001
Wind Speed 3 days prior versus daily cases 0.2 0.065-0.327 0.04 118.556 40.529 P<0.001
Wind Speed 7 days prior versus daily cases 0.311 0.183-0.429 0.097 187.514 39.985 P<0.001
Wind Speed 14 days prior versus daily cases 0.329 0.212-0.446 0.109 197.876 39.590 P<0.001
Wind speed on the day versus daily deaths 0172 0.036-0.301 0.029 1.431 0.574 P<0.013
Wind speed 3 days prior versus daily deaths 0.119 -0.02-0.251 0.014 0.969 0.565 P<0.088
Wind speed 7 days prior versus daily deaths 0.275 0.144-0.397 0.076 2.285 0.557 P<0.001
Wind speed 14 days prior versus daily deaths 0.352 0.226-0.466 0.124 2.908 0.540 P<0.001

Cl: confidence interval; COVID-19: coronavirus disease 2019.
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Figure 3. Trend of daily mean temperature versus daily new cases and deaths due to the COVID-19 pandemic in Bangladesh. The graphs represent
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daily life. In this study, we have explored the impact of lockdown
and meteorological parameters on COVID-19 confirmed daily
cases and deaths in Bangladesh. The data from April to September
2020 were analyzed. Previous studies have shown that strict
lockdown measures were effective in combating the spread of
COVID-19 cases in several countries, including China, South
Korea, Singapore, and Spain.!'?%2737:38 [ike many countries,
Bangladesh also enforced a nationwide lockdown as non-
pharmaceutical intervention to interrupt the spread of the
COVID-19. A recent study has suggested that robust implementa-
tion of lockdown and strict social distancing can results in a 60%
reduction of transmission of SARS-CoV-2, considering both
symptomatic and asymptomatic patients.>”> However, in most of
the countries, including Bangladesh, lockdown did not display
immediate effects. Since the beginning of the pandemic, thousands
of people from all around the world have entered the country
without proper scanning, testing, quarantine, and isolation.
Bangladesh is also densely populated, with a large portion of
the population depending on daily earnings. As a result, due to
inadequate systemic testing and inefficient implementations of the
lockdown, the actual impact on daily cases is poorly understood.

The transmission of respiratory virus infections, including
SARS-CoV-2, is complex and depends on many factors. The virus
can persist on contaminated environmental surfaces and is
affected by environmental conditions. Several studies have
suggested that temperature, humidity, and wind speed might
influence the survival and spread of SARS-CoV-2.174" A positive
linear relationship has been reported between the mean
temperature and the number of COVID-19 cases in China.*!
The authors identified that below 3°C mean temperature, a 1°C
increase in temperature was associated with a 4.861% increase in
the case numbers. In contrast, a negative impact of temperature
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and humidity was found in a recent report.** These contrasting
findings might be defined by diverse geographical locations and
weather conditions. Meo et al.'”” also observed a significant
positive correlation between temperature and daily cases and
deaths in several European countries. A positive correlation
between wind speed and daily cases was also reported for
Turkey.?® The authors identified that the wind speed 14 days
prior had the highest positive correlation with the daily cases (r=
0.550). Our study also found a similar positive association
between wind speed, daily cases, and daily deaths.

Several studies also suggested a positive association between
environmental factors and transmissibility of coronaviruses like
SARS-CoV and Middle East respiratory syndrome coronavi-
rus.**™* In the present study, we identified that both daily cases
and deaths were increased with an increase in temperature,
humidity, and wind speed. Similar results were found in Spain,
where the number of daily cases and daily deaths increased
significantly with a 1% increase in humidity by 34.27% and
3.998%, respectively.'”

Conclusions

This study investigated the impact of lockdown measures and
different meteorological indicators, such as mean temperature,
humidity, and wind speed, on COVID-19 confirmed cases and
deaths using data from Bangladesh. Our results showed that all
meteorological parameters were significantly and positively
correlated with the number of confirmed cases and deaths. Based
on regression analysis we concluded that an increase in
temperature, humidity, and wind speed resulted in increased
transmission of COVID-19 in Bangladesh. These findings might
provide useful information for governments and authorities and
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insights into the dependency of COVID-19 on meteorological
parameters. We strongly believe that essential steps should be taken
to prevent transmission based on rational studies. However, the
present study has some limitations; further study is recommended
considering the regional variations in Bangladesh.

Materials and methods

Data collection

COVID-19 case-related data from March 08, 2020 (first
reported case in Bangladesh) to September 30, 2020, were
collected from the official website of the Directorate General of
Health Services, Ministry of Health and Family Welfare,
Government of People’s Republic of Bangladesh (https:/corona.
gov.bd/press-release). The mean epidemiological and weather data
of Bangladesh, such as daily temperature, were obtained from ten
different meteorological stations from the National Oceanic and
Atmospheric Administration Center (https://www.noaa.gov/
weather) and then the average temperature was calculated. Daily
information of humidity and wind speed was recorded from the
climate web “Time and Date” (https://www.timeanddate.com/)
and the mean daily value was calculated by averaging the hourly
data. These environmental data were analyzed in relation to the
COVID-19 cases and morality numbers on the day of the cases or
deaths or 3, 7, and 14 days prior.

Calculation of CFR and recovery rate

The CFR is commonly used to determine the potential threat or
severity of any disease and is defined as the number of deaths
relative to the number of total identified cases. However, during
an ongoing epidemic, the situation might be different as the
patient who died might be infected earlier and the full
denominator remains unknown because of asymptomatic cases.
By considering the average incubation period of 14days
estimated between the first symptoms to death, we calculated
the CFR by dividing the number of deaths on a specific day by the
total number of confirmed cases 14 days prior.>**® Though the
study period was from March 8th to September 30th, 2020, the
CFR was calculated from April onwards as the data was either
not available or to inconsistent to calculate the CFR. The
recovery rate was also calculated using a 14 days incubation
period and was defined as the number of patients recovered on a
specific day divided by the total number of confirmed cases 14
days prior.

Statistical regression analysis

Pearson correlation (r) tests were performed to analyze the
correlation between daily mean temperature, humidity, and wind
speed with the number of daily COVID-19 cases and its
associated deaths. The number of daily confirmed cases and
daily deaths were considered as the dependent variables, while
the three meteorological parameters were used as independent
variables. Linear regression analysis was used to model the
relationship between meteorological parameters and the number
of daily cases and daily deaths. The R software package (version
4.0.2) and Microsoft Excel (version 16.0.13231.20372)
were used to perform the statistical analyses. All the statistical
analyses were two-sided and a value P <0.05 was considered as
statistically significant. Supplementary Digital Content 1, http://
links.lww.com/IMD/AS.

47

https://journals.lww.com/imd

Acknowledgments

Authors acknowledge the logistic support and laboratory
facilities of the Department of Biochemistry and Molecular
Biology, Shahjalal University of Science and Technology, Sylhet,
Bangladesh.

References

[1] Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients with
pneumonia in China, 2019. N Engl | Med 2020;382(8):727-733.

[2] Chan-Yueng M, Xu R-H. SARS: epidemiology. Respirology 2003;8
(Suppl 1):59-S14.

[3] World Health Organization. Middle East respiratory syndrome
coronavirus (MERS-CoV). Available from: http://www.who.int/emer
gencies/mers-cov/en/. Accessed October 08, 2020.

[4] Worldometer. COVID-19 Coronavirus Pandemic Update. Available
from: https://www.worldometers.info/coronavirus/. Accessed October
08, 2020.

[5] Huang C, Wang Y, Li X, et al. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet 2020;395(10223):497-
506.

[6] Worldometer. Coronavirus Incubation Period (COVID-19). Available
from: https://www.worldometers.info/coronavirus/coronavirus-incuba
tion-period/. Accessed October 08, 2020.

[7] McAloon C, Collins A, Hunt K, et al. Incubation period of COVID-19: a
rapid systematic review and meta-analysis of observational research.
BM] Open 2020;10(8):039652.

[8] Rothan HA, Byrareddy SN. The epidemiology and pathogenesis of
coronavirus disease (COVID-19) outbreak. | Autoimmun 2020;109:
102433.

[9] Flaxman S, Mishra S, Gandy A, et al. Estimating the effects of non-
pharmaceutical interventions on COVID-19 in Europe. Nature
2020;584(7820):257-261.

[10] Kissler S, Tedijanto C, Lipsitch M, Grad YH. Social distancing strategies

for curbing the COVID-19 epidemic. medRxiv 2020; doi: 10.1101/

2020.03.22.20041079. Preprint. Posted online March 24.

Siqueira CADS, Freitas YNL, Cancela MC, Carvalho M, Oliveras-

Fabregas A, de Souza DLB. The effect of lockdown on the outcomes of

COVID-19 in Spain: an ecological study. PLoS Omne 2020;15(7):

€0236779.

Coronavirus Outbreak: Govt Orders Closure of Public, Private Offices

from March 26 to April 4. The Daily Star. March 23, 2020. Available

from: https://www.thedailystar.net/coronavirus-deadly-new-threat/
news/govt-offices-closed-march-26-april-4-cabinet-secretary-1884730.

Accessed October 10, 2020.

Chowdhury ZH. Bangladesh to partly ease lockdown amid virus

concerns. Anadolu Agency. May 28,2020. Available from: https://www.

aa.com.tr/en/asia-pacific/lbangladesh-to-partly-ease-lockdown-amid-vi

rus-concerns/1855714. Accessed October 10, 2020.

Hasan K. Will easing restrictions put lives at risk? Dhaka Tribune.

September 01, 2020. Available from: https://www.dhakatribune.com/

health/coronavirus/2020/09/01/will-easing-restrictions-put-lives-at-risk.

Accessed October 12, 2020.

[15] Tosepu R, Gunawan J, Effendy DS, et al. Correlation between weather
and COVID-19 pandemic in Jakarta, Indonesia. Sci Total Environ
2020;725:138436.

[16] QiH, Xiao S, Shi R, et al. COVID-19 transmission in Mainland China is
associated with temperature and humidity: a time-series analysis. Sci
Total Environ 2020;728:138778.

[17] Meo SA, Abukhalaf AA, Alomar AA, Alsalame NM, Al-Khlaiwi T,
Usmani AM. Effect of temperature and humidity on the dynamics of daily
new cases and deaths due to COVID-19 outbreak in Gulf countries in
Middle East Region. Eur Rev Med Pharmacol Sci 2020;24(13):7524-
7533.

[18] Wang M, Jiang A, Gong L, et al. Temperature significantly change
COVID-19 transmission in 429 cities. medRxiv 2020; doi: 10.1101/
2020.02.22.20025791. Preprint. Posted online February 25.

[19] Meo SA, Abukhalaf AA, Alomar AA, et al. Effect of heat and humidity
on the incidence and mortality due to COVID-19 pandemic in
European countries. Eur Rev Med Pharmacol Sci 2020;24(17):9216-
9225.

[20] Sahin M. Impact of weather on COVID-19 pandemic in Turkey. Sci
Total Environ 2020;728:138810.

[11

[12]

[13

[14


https://corona.gov.bd/press-release
https://corona.gov.bd/press-release
https://www.noaa.gov/weather
https://www.noaa.gov/weather
https://www.timeanddate.com/
http://links.lww.com/IMD/A5
http://links.lww.com/IMD/A5
http://www.who.int/emergencies/mers-cov/en/
http://www.who.int/emergencies/mers-cov/en/
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/coronavirus-incubation-period/
https://www.worldometers.info/coronavirus/coronavirus-incubation-period/
https://www.thedailystar.net/coronavirus-deadly-new-threat/news/govt-offices-closed-march-26-april-4-cabinet-secretary-1884730
https://www.thedailystar.net/coronavirus-deadly-new-threat/news/govt-offices-closed-march-26-april-4-cabinet-secretary-1884730
https://www.aa.com.tr/en/asia-pacific/bangladesh-to-partly-ease-lockdown-amid-virus-concerns/1855714
https://www.aa.com.tr/en/asia-pacific/bangladesh-to-partly-ease-lockdown-amid-virus-concerns/1855714
https://www.aa.com.tr/en/asia-pacific/bangladesh-to-partly-ease-lockdown-amid-virus-concerns/1855714
https://www.dhakatribune.com/health/coronavirus/2020/09/01/will-easing-restrictions-put-lives-at-risk
https://www.dhakatribune.com/health/coronavirus/2020/09/01/will-easing-restrictions-put-lives-at-risk
https://journals.lww.com/imd

Imran et al., Infectious Microbes & Diseases (2021) 3:1

[21] Pani SK, Lin NH, RavindraBabu S. Association of COVID-19 pandemic
with meteorological parameters over Singapore. Sci Total Environ
2020;740:140112.

[22] Briz-Redén A, Serrano-Aroca A. A spatio-temporal analysis for
exploring the effect of temperature on COVID-19 early evolution in
Spain. Sci Total Environ 2020;728:138811.

[23] Bashir MF, Ma B, Bilal , et al. Correlation between climate indicators and
COVID-19 pandemic in New York, USA. Sci Total Environ 2020;
728:138835.

[24] Menebo MM. Temperature and precipitation associate with COVID-19
new daily cases: a correlation study between weather and COVID-19
pandemic in Oslo, Norway. Sci Total Environ 2020;737:139659.

[25] Directorate General of Health Services (DGHS). Novel Coronavirus
(COVID-19) Press Release (2020). Available from: https:/www.dghs.
gov.bd/index.php/en/home/5373-novel-coronavirus-covid-19-press-re
lease. Accessed October 11, 2020.

[26] Ajide KB, Ibrahim RL, Alimi OY. Estimating the impacts of lockdown on
COVID-19 cases in Nigeria. Transp Res Interdiscip Perspect 2020;
7:100217.

[27] Lau H, Khosrawipour V, Kocbach P, et al. The positive impact of
lockdown in Wuhan on containing the COVID-19 outbreak in China. |
Travel Med 2020;27(3):taaa037.

[28] Conyon M]J, He L, Thomsen S. Lockdowns and COVID-19 deaths in
Scandinavia. SSRN 2020; doi:10.2139/ssrn.3616969. Preprint. Posted
online June 22.

[29] Tanaka T, Yamaguchi T, Sakamoto Y. Estimation of the percentages of
undiagnosed patients of the novel coronavirus (SARS-CoV-2) infection
in Hokkaido, Japan by using birth-death process with recursive full
tracing. PLoS One 2020;15(10):e0241170.

[30] Pachetti M, Marini B, Giudici F, et al. Impact of lockdown on COVID-19
case fatality rate and viral mutations spread in 7 countries in Europe and
North America. | Transl Med 2020;18(1):338.

[31] Onder G, Rezza G, Brusaferro S. Case-fatality rate and characteristics of
patients dying in relation to COVID-19 in Italy. JAMA 2020;323
(18):1775-1776.

[32] Anwar S, Nasrullah M, Hosen MJ. COVID-19 and Bangladesh:
challenges and how to address them. Front Public Health 2020;8:154.

[33] Hundreds of Doctors in Bangladesh Infected With Coronavirus. Al
Jazeera. April 24, 2020. Available from: https:/www.aljazeera.com/
news/2020/4/24/hundreds-of-doctors-in-bangladesh-infected-with-coro
navirus. Accessed October 12, 2020.

[34] Coronavirus: Insufficient ICU beds, inadequate service. Dhaka Tribune.
May 05, 2020. Available from: https://www.dhakatribune.com/
bangladesh/2020/05/05/coronavirus-insufficient-icu-beds-inadequate-
service. Accessed October 21, 2020.

48

Infectious Microbes & Diseases

[35] Xia L, Chen ], Friedemann T, et al. The course of mild and moderate
COVID-19 infections—the unexpected long-lasting challenge. Open
Forum Infect Dis 2020;7(9):0faa286.

[36] Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associated with
COVID-19-related death using OpenSAFELY. Nature 2020;584
(7821):430-436.

[37] Lee J-W. What South Korea Can Teach the World About Containing

COVID-19. World Economic Forum. August 10, 2020. Available from:

https://www.weforum.org/agenda/2020/08/south-korea-health-system-

covid-19-coronavirus-pandemic/. Accessed October 21, 2020.

Fisher D. Why Singapore’s Coronavirus Response Worked—and What

We Can All Learn. The Conversation. Available from: http://theconver

sation.com/why-singapores-coronavirus-response-worked-and-what-we-

can-all-learn-134024. Accessed October 21, 2020.

Anderson RM, Heesterbeek H, Klinkenberg D, Hollingsworth TD. How

will country-based mitigation measures influence the course of the

COVID-19 epidemic? Lancet 2020;395(10228):931-934.

Harmooshi NN, Shirbandi K, Rahim F. Environmental concern

regarding the effect of humidity and temperature on 2019-nCoV

survival: fact or fiction. Environ Sci Pollut Res Int 2020;27(29):36027—-

36036.

[41] Xie J, Zhu Y. Association between ambient temperature and COVID-19
infection in 122 cities from China. Sci Total Environ 2020;724:138201.

[42] Wu Y, Jing W, Liu J, et al. Effects of temperature and humidity on the
daily new cases and new deaths of COVID-19 in 166 countries. Sci Total
Environ 2020;729:139051.

[43] BiP, Wang J, Hiller JE. Weather: driving force behind the transmission of
severe acute respiratory syndrome in China? Intern Med | 2007;37
(8):550-554.

[44] Casanova LM, Jeon S, Rutala WA, Weber DJ, Sobsey MD. Effects of air
temperature and relative humidity on coronavirus survival on surfaces.
Appl Environ Microbiol 2010;76(9):2712-2717.

[45] Chan KH, Peiris JS, Lam SY, Poon LL, Yuen KY, Seto WH. The effects of
temperature and relative humidity on the viability of the SARS
coronavirus. Adv Virol 2011;2011:734690.

[46] Baud D, Qi X, Nielsen-Saines K, Musso D, Pomar L, Favre G. Real
estimates of mortality following COVID-19 infection. Lancet Infect Dis
2020;20(7):773.

38

[39

[40

How to cite this article: Imran A, Noor IU, Ghosh A. Impact of lockdown
measures and meteorological parameters on the COVID-19 incidence and
mortality rate in Bangladesh. Infect Microb Dis 2021;3(1):41-48. doi: 10.1097/
IM9.0000000000000052


https://www.dghs.gov.bd/index.php/en/home/5373-novel-coronavirus-covid-19-press-release
https://www.dghs.gov.bd/index.php/en/home/5373-novel-coronavirus-covid-19-press-release
https://www.dghs.gov.bd/index.php/en/home/5373-novel-coronavirus-covid-19-press-release
https://www.aljazeera.com/news/2020/4/24/hundreds-of-doctors-in-bangladesh-infected-with-coronavirus
https://www.aljazeera.com/news/2020/4/24/hundreds-of-doctors-in-bangladesh-infected-with-coronavirus
https://www.aljazeera.com/news/2020/4/24/hundreds-of-doctors-in-bangladesh-infected-with-coronavirus
https://www.dhakatribune.com/bangladesh/2020/05/05/coronavirus-insufficient-icu-beds-inadequate-service
https://www.dhakatribune.com/bangladesh/2020/05/05/coronavirus-insufficient-icu-beds-inadequate-service
https://www.dhakatribune.com/bangladesh/2020/05/05/coronavirus-insufficient-icu-beds-inadequate-service
https://www.weforum.org/agenda/2020/08/south-korea-health-system-covid-19-coronavirus-pandemic/
https://www.weforum.org/agenda/2020/08/south-korea-health-system-covid-19-coronavirus-pandemic/
http://theconversation.com/why-singapores-coronavirus-response-worked-and-what-we-can-all-learn-134024
http://theconversation.com/why-singapores-coronavirus-response-worked-and-what-we-can-all-learn-134024
http://theconversation.com/why-singapores-coronavirus-response-worked-and-what-we-can-all-learn-134024

	Impact of Lockdown Measures and Meteorological Parameters on the COVID-19 Incidence and Mortality Rate in Bangladesh
	Introduction
	Results
	Impact of lockdown measures on the daily COVID-19 cases in Bangladesh
	Analysis of CFR, recovery rate, number of tests, and new cases
	Correlation between meteorological parameters and COVID-19 daily cases and deaths
	Regression analysis between meteorological parameters and daily cases and deaths

	Discussion
	Conclusions
	Materials and methods
	Data collection
	Calculation of CFR and recovery rate
	Statistical regression analysis

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


