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Abstract: Dengue virus (DENV) is an enveloped, single-stranded RNA virus, a member of the
Flaviviridae family (which causes Dengue fever), and an arthropod-transmitted human viral infection.
Bangladesh is well known for having some of Asia’s most vulnerable Dengue outbreaks, with climate
change, its location, and it’s dense population serving as the main contributors. For speculation about
DENV outbreak characteristics, it is crucial to determine how meteorological factors correlate with
the number of cases. This study used five time series models to observe the trend and forecast Dengue
cases. Current data-based research has also applied four statistical models to test the relationship
between Dengue-positive cases and meteorological parameters. Datasets were used from NASA for
meteorological parameters, and daily DENV cases were obtained from the Directorate General of
Health Service (DGHS) open-access websites. During the study period, the mean of DENV cases was
882.26 ± 3993.18, ranging between a minimum of 0 to a maximum of 52,636 daily confirmed cases. The
Spearman’s rank correlation coefficient between climatic variables and Dengue incidence indicated
that no substantial relationship exists between daily Dengue cases and wind speed, temperature,
and surface pressure (Spearman’s rho; r = −0.007, p > 0.05; r = 0.085, p > 0.05; and r = −0.086,
p > 0.05, respectively). Still, a significant relationship exists between daily Dengue cases and dew
point, relative humidity, and rainfall (r = 0.158, p < 0.05; r = 0.175, p < 0.05; and r = 0.138, p < 0.05,
respectively). Using the ARIMAX and GA models, the relationship for Dengue cases with wind speed
is −666.50 [95% CI: −1711.86 to 378.86] and −953.05 [−2403.46 to 497.36], respectively. A similar
negative relation between Dengue cases and wind speed was also determined in the GLM model
(IRR = 0.98). Dew point and surface pressure also represented a negative correlation in both ARIMAX
and GA models, respectively, but the GLM model showed a positive association. Additionally,
temperature and relative humidity showed a positive correlation with Dengue cases (105.71 and 57.39,
respectively, in the ARIMAX, 633.86, and 200.03 in the GA model). In contrast, both temperature and
relative humidity showed negative relation with Dengue cases in the GLM model. In the Poisson
regression model, windspeed has a substantial significant negative connection with Dengue cases in
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all seasons. Temperature and rainfall are significantly and positively associated with Dengue cases in
all seasons. The association between meteorological factors and recent outbreak data is the first study
where we are aware of the use of maximum time series models in Bangladesh. Taking comprehensive
measures against DENV outbreaks in the future can be possible through these findings, which can
help fellow researchers and policymakers.

Keywords: Dengue virus (DENV); Dengue outbreak; Dengue fever; meteorological factors; Dengue
cases and deaths; time series models; Bangladesh

1. Introduction

Dengue is caused by RNA Dengue virus (DENV), which contains ~11 kb RNA genome
including an ORF (open reading frame), three structural proteins, namely capsid (C), pre-
membrane or membrane (prM/M), an envelope (E) [1]. Aedes female mosquito species
carrying one of the four serotypes, such as DEN-1, DEN-2, DEN-3, and DEN-4, are the
carriers of the acute febrile viral illness Dengue fever. Over 390 million individuals world-
wide suffer from this illness each year, and 50% of the world’s population belongs to the
risk group [2]. The gold standard RT-PCR can find viral titers that aid patient diagnosis
and therapy planning [3–5]. The clinical manifestations of Dengue infection are symp-
tomatic, asymptomatic, or mild illness (such as fever, headache, myalgia, decreased platelet
counts, and leucopenia), similar to flu symptoms [3]. Dengue hemorrhagic fever (DHF),
Dengue shock syndrome (DSS), and life-threatening scenarios are sometimes considered
in the case of severe illnesses [6]. However, DHF hematomas are found when patients are
characterized by thrombocytopenia or extremely low platelet counts [1].

From an analysis of previous data, it was obtained that the climatic factors, especially
temperature, rainfall, and humidity, have abruptly changed in the past few years [7]. The
Dengue outbreaks and positive cases also accrued with the discrepancy of the climate.
Meteorological conditions are linked to Dengue disease because Aedes Aegypti growth
and life cycle are affected by rainfall, temperature, humidity, and wind, either directly or
indirectly [7]. It has been reported that rising temperatures and precipitation have aided
in the rise of Dengue incidences [8]. Such settings are advantageous for breeding places
that promote vector growth as a result of an increase in human and vector interaction
that enhances viral transmission from an infected person to a new person. These envi-
ronmental modifications may flare up the genetic mutation of the viruses [8]. According
to Mutsuddy et al. (2019), climate alteration may affect some vectors for multiplication
or extinction [9]. In 70% of Asian nations, Dengue infection is a severe public health con-
cern [4]. The geographic location, climatic factors, rapid urbanization, deforestation, water
pollution, lack of wastewater management system, high population density, and ineffective
vector control strategies are responsible for DENV outbreaks. Several previously published
articles reported relationships between various meteorological factors and Dengue cases,
but this relationship has not been tested in recent years. Using data from 2000 to 2023 and
five significant time series models, we thoroughly examined the association between mete-
orological factors and Dengue cases in this study. This study can guide fellow researchers
and policymakers in tackling the Dengue outbreak.

2. Materials and Methods
2.1. Dengue Cases and Meteorological Factors

Confirmed positive cases were downloaded from the Directorate General of Health
Services (DGHS)’s website for patients from all over Bangladesh taking eight divisions
(Supplementary Data S1). In this study, the daily DENV new cases between 1 January 2000
and 31 January 2023 were used from the DGHS website (https://old.dghs.gov.bd/index.
php/bd/home/5200-daily-dengue-status-report) (accessed on 10 January 2023). We also
obtained meteorological information from the NASA website to perform a time series
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analysis (NASA, 2022) (Supplementary Data S1) (https://www.nasa.gov/) (accessed on
10 January 2023). In this study, we considered daily dew point (◦C), daily temperatures
(◦C), precipitation (mm), relative humidity (%), surface pressure (kPa), and wind velocity
(m/s) at a level of 2 m height above ground level (Supplementary Data S1).

2.2. Statistical Time Series Models

The Simple Exponential Smoothing Model (SES), Auto-Regressive Integrated Moving
Average Model (ARIMA), Seasonal Auto-Regressive Integrated Moving Average Model
(SARIMA), and GA time series models were used in this work to forecast recent Dengue
cases. Additionally, Auto-Regressive Integrated Moving Average with Explanatory Vari-
ables (ARIMAX), Generalized Additive Model (GA), and Generalized Linear Mixed Models
(GLM) time series models were used in this work to evaluate the correlations between
meteorological parameters and Dengue cases. The SES model is utilized as a baseline to
assess the prediction accuracy of other models in this investigation. All models were used
to forecast new DENV cases for 30 days [10–12].

2.2.1. Simple Exponential Smoothing Model (SES)

SES forecasting enables a short-term prediction to use a reasonably steady mean
while assuming data changes [13–15] created the original version of this model, which
is still a helpful observation technique, and its application has been rapidly expanding
in recent years. SES was noted as one of the most well-liked and potent models ideal
for investigations where there is no clear trend or weather pattern, according to Weller
and Crone (2012). The R package “fpp2” created the SES model, a univariate time series
prediction. The following equation can present the SES model:

Vt = V (t−1) + α(v (t−1) – V (t−1)) (1)

In Equation (1), vt denotes the actual value of the series at time t, Vt stipulates the
forecast value of the series at the time as well as t, and α is a weighting factor that takes a
value between 0 and 1.

In Equation (1), vt stands for the series’ actual value at time t, Vt for its forecasted
value at the desired time, and α is a weighting factor that can take a value between 0 and 1.

2.2.2. Auto-Regressive Integrated Moving Average Model (ARIMA)

A statistical time series analysis technique called the auto-regressive integrated moving
average model (ARIMA) uses time series data to analyze data sets and forecast trends. A
time series model called the ARIMA auto-regressive integrated moving average is used in
statistical analysis to analyze seasonal patterns and estimate results. This model has three
steps: identification, factor prediction, and model diagnosis. Using autocorrelation (ACF)
and partial autocorrelation functions, auto-regressive and shifting average constituents are
chosen after seasonality and stationary recognition. The ARIMA examines opposite goals
in the lack of seasonality in the time series data [16] where the “forecast R package” is used
in this current study, and Equation (2) is presented below [17]:

Vt = α + ϕ1V (t−1) + . . . +ϕpV (t−p) + θ1e (t−1) + . . . +θqe (t − q) + Wt (2)

In this equation, α is the constant value, ϕ1 − ϕp means auto-regressive model
parameters, θ1 − θq indicates moving-average model parameters, and Vt for its forecasted
value at the desired time, where the wt is white noise.

2.2.3. Auto-Regressive Integrated Moving Average with Explanatory Variables (ARIMAX)

Auto-Regressive Integrated Moving Average with Explanatory Variables (ARIMAX)
is another significant and familiar time series model which allows external parameters,
such as climatic factors, to upgrade the analysis and forecasting accuracy [18–21]. This

https://www.nasa.gov/


Int. J. Environ. Res. Public Health 2023, 20, 5152 4 of 15

model analyzes the association between the time series data for arranging genuine designs,
exploiting the straight perceptions, and deleting high-frequency commotion.

2.2.4. Seasonal Auto-Regressive Integrated Moving Average Model (SARIMA)

Seasonal-ARIMA, or SARIMA, is another time series model analogous to ARIMA but
more precise and used for forecasting trends and seasonal alterations. These models are
used for contrasting the time series data for seasonal frequency, although for non-seasonal
cases [22–25].

2.2.5. Generalized Additive Model (GA)

The GAM, or generalized additive model, is applied for analyzing the interaction of
climatic factors with Dengue cases already being used for various research purposes. This
time series model is more eminent and user-friendly, which is preferable for analyzing
national morbidity, mortality, and air pollution studies. GAM fits the generalized additive
model for parametric and nonparametric regression and smoothing. It also augments the
conventional GLM (generalized linear models) by changing linear predictors of the form
η = Σj βjxj with η = Σjfj (xj). fj (xj) is used here for a nonparametric function R package for
analyzing GAM in this study.

2.2.6. Generalized Linear Mixed Models (GLM)

The GLMM, or Generalized Linear Mixed Model, is a statistical model that augments
the Generalized Linear Model (GLM). This model is used to analyze the random effects
from clustered categorical data. The ability of the GLMM model to distinguish the impact
of nested data is a significant advantage. The season is the second category in the current
study, while year characteristics are used as repeated observations. A standard Equation (3)
of this model is presented below:

y = Xβ + Zu + ε (3)

This equation denotes anN × 1 as the outcome variable; X is anN × p matrix; β is a
p × 1 column vector; N × q is the design matrix; u is a q × 1 vector of the random; and ε is
anN × 1 column vector of the residuals.

2.3. Statistical Analysis

This study applied five statistical time series models to see the trend and forecasting
of Dengue cases for the recent future, along with forecasting from three time series models
showing a correlation between Dengue cases and meteorological conditions. Additionally,
Spearman’s rank correlation coefficients were employed in this investigation. For deter-
mining seasonal variation, we used the Poisson regression model in three major seasons
in Bangladesh. Data can be characterized by a Poisson distribution when observations
are counted in whole numbers and when event occurrences are independent (one event
occurrence does not affect the chance of another event occurring), and when the specifics
of the observed time interval are known and are the same for each participant.

3. Results
3.1. Dengue Status in Bangladesh

In 2022, the first Dengue case was confirmed in the month of January, and 126 Dengue-
positive patients were recorded. From the DGSH data collection, it can be shown that
Dengue cases rose from April 2022 to November (19,334) and December (5024), including
May (163 cases), June (737), July (1571), August (3521), September (9911), and October
(21,932) (Figure 1). The highest number of mortality was recorded in November (113) and
October (86). The Dengue outbreak was tremendously devastating, with 62,382 patients in
2022 compared with only 28,429 confirmed cases in the year 2021 (Figure 1).
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Figure 1. Status of Dengue patients in Bangladesh. (A) Number of Dengue confirmed positive
and reported death cases from 2000 to 2022. (B) Month-wise national Dengue fever surveillance in
Bangladesh, 2022.

The mean for Dengue cases is 882.26, with a standard deviation (SD) of 3993.18, a
minimum of 0, and a maximum of 52,636 (Table 1). Table 1 also points out that there are
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52,636 maximum cases in Bangladesh. The average daily confirmed cases are approximately
882.26, while daily average values for temperature, dew point, relative humidity, precip-
itation, surface pressure, and wind speed are 25.38 ◦C, 19.80 ◦C, 74.78%, 5.81 mm/day,
100.68 kPa, and 1.93 m/s, respectively (Table 1). The descriptive analysis of this study
stipulates that the lowest temperature is 15.39 ◦C, whereas the highest is 31.86 ◦C from
1 January 2000 to 31 January 2023 in Bangladesh. In addition, precipitation is found to be a
minimum of 0 mm/day and a maximum of 28.39 mm/day. Moreover, the lowest surface
pressure is recorded as 99.75 kPa, and the highest is 101.52 kPa.

Table 1. Summary statistics of meteorological parameters and daily Dengue confirmed cases
in Bangladesh.

Variables Mean ± SD Minimum Maximum

Temperature (◦C) 25.38 ± 4.22 15.39 31.86

Dew/frost point temperature (◦C) 19.80 ± 6.31 6.69 26.83

Relative humidity (%) 74.78 ± 14.09 41.35 91.52

Precipitation (mm/day) 5.81 ± 5.81 0 28.39

Surface pressure (kPa) 100.68 ± 0.51 99.75 101.52

Wind speed (m/s) 1.93 ± 0.64 0.91 3.58

Daily confirmed case (number of persons) 882.26 ± 3993.18 0 52636

3.2. Association between Daily Dengue Cases and Meteorological Variables

Correlations between meteorological parameters and Dengue cases are presented in
Figure 2. This graph suggests that none of the associations are statistically significant.
However, Spearman’s rank correlation coefficients between meteorological variables and
confirmed daily Dengue cases indicate a meaningful but weak relationship between Dengue
cases and climatic parameters (Figure 2). Concerning daily Dengue cases, the mean tem-
perature and wind speed show a weakly negative link (r = −0.007, p > 0.05 and r = 0.085,
p > 0.05, respectively). However, there is a significant positive correlation among dew
point, relative humidity, and rainfall with daily Dengue cases (r = 0.158, p < 0.05, r = 0.175,
p < 0.05, and r = 0.138. p < 0.05), respectively. On the contrary, surface pressure exhibits an
insignificant negative correlation with daily Dengue cases (r = −0.086, p > 0.05) (Figure 2).

3.3. Time Series Model Results

The forecasting results from the time series models are displayed in Figure 3, along
with the confirmed and projected Dengue cases from January 2000 to January 2023. With
AIC, AICc, and BIC of 6083.90, 6083.99, and 6094.77, respectively, we describe a consistent
pattern between observed and predicted national Dengue cases in the SES model (Table 2
and Figure 3).

Table 2. Summary of the five time series models.

Models SES ARIMA SARIMA ARIMAX GA

AIC 6083.90 5232.86 5088.54 5238.35 5358.54

AICc 6083.99 5233.01 5088.77 5239.18 5358.87

BIC 6094.77 5247.34 5106.44 5274.56 5396.84

Dengue with AIC, AICc, and BIC of 5232.86, 5233.01, and 5247.34 for the ARIMA
model, compared with 5088.54, 5088.77, and 5106.44 for the SARIMA model, and 5238.35,
5239.18, and 5274.56 for the ARIMAX model, we detected a strong, growing trend between
observed and predictive Dengue cases. However, the GA model performs weakly (i.e.,
AIC = 5358.541, AICc = 5358.870, and BIC = 5396.837). All models, except for SES, forecast
a considerable increase in cases of Dengue over the following 30 days (Figure 3).
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In the ARIMAX and GA models, wind speed (−666.50 [95% CI: −1711.86 to 378.86]
and −953.05 [−2403.46 to 497.36], respectively) and dew point (−102.00 [−1308.42 to
1104.43] and −616.31 [−2079.18 to 846.55], respectively) have a slight negative interaction
with Dengue cases. Nevertheless, temperature and relative humidity are positively af-
filiated with Dengue cases (105.71 [−1034.44 to 1245.87] and 633.86 [−2079.18 to 846.55],
respectively) in the ARIMAX model, and the GA model also exhibits identical results. In
contrast, rainfall is negatively associated with the ARIMAX model (−69.52 [−178.61 to
39.58]) and positively associated (21.59 [−114.83 to 158.02]) in the GA model (Table 3).

In the GLM model, temperature and dew point (0.55 [95% CI: 0.31 to 0.98] and 2.06
[1.11 to 3.82], respectively) have a significant association with Dengue cases. Temperature
displayed a negative association, whereas dew point stipulates a positive association
according to the GA model. However, wind speed, relative humidity, rainfall, and surface
pressure are fruitlessly associated with Dengue cases, though wind speed and rainfall (0.98
[95% CI: 0.68 to 1.42] and 1.01 [0.98 to 1.04], respectively) have a positive association with
Dengue cases. Contrarily, relative humidity (0.88 [95% CI: 0.75 to 1.04]) negatively affects
Dengue cases (Table 3).
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Figure 3. Results of time series models, the ARIMA, ARIMAX, GA, PROPHET, SARIMA, and
SES models.

In the Poisson regression model, temperature and relative humidity (1.30 [95% CI: 1.29
to 1.31] and 1.15 [1.14 to 1.15], respectively) have a substantial positive correspondence with
Dengue cases in the winter season. In that season, wind speed and rainfall (0.01 [95% CI:
0.01 to 0.02] and 1.08 [1.07 to 1.09], respectively) have a substantial negative correspondence
with Dengue cases. In the summer, temperature (IRR = 1.39), dew point (6.37), rainfall
(1.08), and surface pressure (10.59) have a significant positive association with Dengue cases
(Table 4). In that season, wind speed (0.65) and relative humidity (0.84) have a significant
antagonistic association with Dengue cases. In the monsoon season, temperature (2.52),
rainfall (1.08), and surface pressure (10.57) have an essential curvilinear correlation with
Dengue cases. In that season, wind speed (0.84) and relative humidity (0.97) significantly
negatively affect Dengue cases.
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Table 3. Factors associated with Dengue cases using the ARIMAX and GA models.

Variables

Confirmed Cases

ARIMAX Model Generalized Additive Model GLM Model

Coef. 95%CI p-Value Coef. 95%CI p-Value IRR 95%CI p-Value

Wind
Speed −666.50 −1711.86 to 378.86 0.211 −953.05 −2403.46 to 497.36 0.199 0.98 0.68 to 1.42 0.921

Temperature 105.71 −1034.44 to 1245.87 0.856 633.86 −2079.18 to 846.55 0.370 0.55 0.31 to 0.98 0.044

Dew Point −102.00 −1308.42 to 1104.43 0.868 −616.31 −2079.18 to 846.55 0.410 2.06 1.11 to 3.82 0.022

Relative
Humidity 57.39 −292.38 to 407.16 0.748 200.03 −215.87 to 615.92 0.347 0.88 0.75 to 1.04 0.132

Rainfall −69.52 −178.61 to 39.58 0.212 21.59 −114.83 to 158.02 0.757 1.01 0.98 to 1.04 0.493

Surface
Pressure −1626.65 −4119.53 to 866.24 0.201 −564.60 −3690.62 to 2561.42 0.724 1.86 0.87 to 2.99 0.111

Table 4. Factors associated with Dengue cases using the Poisson regression model in different seasons
in Bangladesh.

Variables

Confirmed Cases

Poisson Regression Model: Winter Poisson Regression Model: Summer Poisson Regression Model: Monsoon

IRR 95%CI p-Value IRR 95%CI p-Value IRR 95%CI p-Value

Wind Speed 0.01 0.01 to 0.02 <0.001 0.65 0.59 to 0.71 <0.001 0.84 0.82 to 0.85 <0.001

Temperature 1.30 1.29 to 1.31 <0.001 1.39 1.04 to 1.85 0.026 2.52 2.50 to 2.55 <0.001

Dew Point - - - 6.37 4.77 to 8.57 <0.001 - - -

Relative Humidity 1.15 1.14 to 1.15 <0.001 0.84 0.78 to 0.90 <0.001 0.97 0.97 to 0.98 <0.001

Rainfall 1.08 1.07 to 1.09 <0.001 1.08 1.07 to 1.09 <0.001 1.08 1.08 to 1.09 <0.001

Surface Pressure - - - 10.59 8.34 to 13.44 <0.001 10.57 10.05 to 11.11 <0.001

4. Discussion

Bangladesh is still fighting against the most devastating COVID-19 outbreak, and the
recent dreadful flood also struck it [26–29]. Although the SARS-CoV-2 pandemic raises
awareness of zoonotic infections and the need for new vaccinations against the novel,
emerging, or re-emerging viruses, other zoonotic viral diseases are also rising day by
day without control [14,20,22,23]. This study hypothesizes that daily Dengue cases can be
related to meteorological factors. This study has indicated that dew point, relative humidity,
and rainfalls are three meteorological parameters that might be linked to daily Dengue
cases. Everyday Dengue illness occurrences in Bangladesh were correlated with dew point,
relative humidity, and precipitation, according to an analysis of the metrological parameters
(r = 0.158, p < 0.05; r = 0.175, p < 0.05; and r = 0.138, p < 0.05, respectively). Other elements,
such as stagnant water and sewage effluent, which also generated distinct habitats for
mosquito reproduction, are associated with the rise of Dengue. Additionally, the utilization
of metrological data series for more than 20 years demonstrated the connection between
current, widespread sickness in Bangladesh and climate change. Another linkage could
be established during the flooding period as a reduction in disease outbreaks because the
flood could wash away the mosquito larvae from wetlands, marshlands, and floodplains.

In this study, a one-degree increase in dew point might increase the risk of Dengue cases
two times according to the GLM model, and in the summer, it is five times according to
the Poisson regression model. The GLM and Poisson models’ results revealed a substantial
correlation between them for dew point and Dengue incidences. Analogous observations of a
significant relationship between dew point and Dengue incidence were observed in Brazil [30].
This study also reveals that the high humidity ameliorates the Dengue cases in the winter
and amortizes in the summer and monsoon seasons. High humidity favors the elevated
longevity of adult mosquitoes and the shortening of the viral incubation period, thereby



Int. J. Environ. Res. Public Health 2023, 20, 5152 10 of 15

allowing an increased transmission intensity [31]. Humidity also affects adult mosquitoes’
survival and biting frequency [32]. The results of a few other researchers have also been
inconsistent and inconclusive. Relative humidity, with a 3–4 month lag period, was shown to
be the most important predicting factor for Dengue outbreaks in Indonesia, according to a
study conducted there [33]. According to another study, a Dengue outbreak typically occurs
the following year when there is a low relative humidity level in September and October [34].

Rainfalls escalate the water stagnation and proliferation of mosquitoes so that it may
intensify DENV. In summer and monsoon seasons, a 1 mm increase in rainfall can increase
Dengue cases by 8%. Rainfall-induced increases in vector density and a corresponding
decline in Dengue incidence have been documented. Despite Bangladesh having a year-
round potential for Dengue transmission, there have been very few winter/dry season.
Dengue cases reported over the past 20 years due to a lack of moisture needed to refill
frequent mosquito breeding sites [35].

A long-term study of meteorological factors with the number of Dengue cases using
Poisson regression showed that the seasonal meteorological factors were positively corre-
lated with them. This is congruent with research on the correlation between Dengue cases
and climatic variables in Jeddah, Saudi Arabia, including relative humidity and temper-
ature [36]. The climate significantly influences the prevalence of infection with Dengue
hemorrhagic fever. The climate significantly impacts the frequency of Dengue hemorrhagic
fever infection in the Kolaka area, according to a study by Tosepu et al. (2018). It was the
country’s first study, as far as we know. However, other sources have also reported on a
season-specific pattern of Dengue cases in Southeast Asia [37]. Our findings concur with
other extensive research from the same geographic area, Myanmar and India [38], and the
studies from the Gulf of Thailand and Puerto Rico [39]. Temperature and rainfall were
discovered to be important contributing factors in earlier investigations [40]. Moreover,
earlier studies presupposed that the impacts of climate factors are not seasonal. The effects
of climate variables might, however, also vary throughout time. There are different ways
that rainfall can affect the incidence of Dengue, according to several studies.

Additionally, earlier research presupposed that the impacts of climatic factors are
not seasonal. The impacts of climatic factors might, however, also vary throughout time.
Numerous studies have shown that rainfall’s impact on Dengue occurrence can change
throughout the year [41]. Since rain can damage potential mosquito habitats, the heavy
rain that falls during monsoon season is likely to have a detrimental impact on the growth
of the mosquito population. On the other hand, rains throughout the winter might leave
stagnant pools of water ideal for mosquito breeding.

Few human-made and natural occurrences in some regions alter precipitation, which
affects mosquito dispersion and population size [42]. Forecasting the frequency and length of
outbreaks may be performed using weather variables, including relative humidity, wind speed,
lowest and peak temperatures, and average and highest values [36]. The overall number of
hospitalizations in Bangladesh as of 12 October 2022, as reported by the DGSH, was 23,592
individuals, of whom 17,456 were hospitalized in Dhaka and 6136 elsewhere. According to the
DGSH report on 12 October 2022, the total number of registered hospitalizations was 23,592
in Bangladesh, of which 17,456 were in Dhaka city, and 6136 were outside of Dhaka city. The
Department of Health, GoB, reported that 12,875 DENV patients were admitted to different
hospitals. At the same time, 10,017 were from the capital, and the second-highest numbers
were found in the Chittagong division (2814) and the Khulna division (1082), while Barisal
(787), Rajshahi (616), Mymensingh (267), Rangpur (36), and the Sylhet division (22) followed.
In the year 2022, the total mortality was more than 70, where 45 people died in Dhaka city, 1
in Narayanganj district, 32 in Chattogram, and 5 in the Barishal division (Figure 1). The first
14 days of October saw at least 7500 patients, or about 32% of all hospitalized patients, and
September alone saw 9911 patients, the most of any month. In addition, 3571 patients were
admitted to the hospital in August, followed by 1571 patients in July, 737 patients in June, 163
patients in May, 23 patients in April, 20 patients each in February and March, and 126 patients
in January 2022. In the Rohingya refugee camps (Forcibly Displaced Myanmar Nationals
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(FDMN)) in Cox’s Bazar district, Bangladesh, around 7687 confirmed positive DENV cases,
with six deaths disclosed (case fatality rate roughly 0.08%). The replication and multiplication
of vectors for this disease were highly dependent on climatic factors [28,29,43]. The climate of
Bangladesh, as a part of tropical Asian countries, consists of two monsoons with year-to-year
time variation. Bangladesh has a tropical-moist climate with variable seasonal rainfall, a
moderately warm climate, and significant relative humidity [44]. In this country, there are
typically four distinct climatic seasons per year: The winter, which lasts from December to
February, is when temperatures are lowest; The summer, from March to May, is when they are
highest; The rainy season, from June to September, and the fourth number, the post-monsoon
autumn, which lasts from October to November [45]. From the observations of the 61 years
(1960–2021) of daily temperature data, we discovered an average temperature of 25.2 ◦C in
July, a minimum temperature of 12.9 ◦C in January, and a maximum temperature of 33.5 ◦C
in April in Bangladesh. We also observed a maximum precipitation of 496 mm in July and a
minimum of 4 mm in January.

It is counted that the rising world temperature may associate with escalating vector-
borne diseases. According to these study findings, climatic factors are closely associated
with ameliorating Dengue infection. Most positive cases in Bangladesh were recorded
during the monsoon season when rainy weather promotes mosquito development and
survival. The findings of this study also showed a correlation between Dengue cases
and relative humidity and rainfall. The development of the Dengue virus in ambient
temperature and other factors impact Aedes mosquitoes, which are daytime feeders that
start to spread at about 29.3 ◦C. This suggested that mosquito growth is best at temperatures
between 25 ◦C and 27 ◦C. Additionally, a higher temperature in the range of 27 ◦C to 31 ◦C
is a good predictor for the growth of Aedes mosquitoes, having a preventative impact on
the spread of Dengue. Another climatic factor, rainfall, is crucial for replicating Aedes
mosquitoes, which helps lay the vector eggs [46–49].

First, appropriate preventive steps must be followed to solve the Dengue issue to avoid
the affected mosquito contact. It should be mentioned that Aedes mosquitoes are more
active and likely to bite during the day. As a result, people should avoid standing water and
wastewater and use insecticides to kill them instead of coils and nets, long-sleeved clothing,
or dresses (CDC, 2022). Vaccination and drug therapy should be developed in addition
to taking different prevention steps [50,51]. Antipyretics (paracetamol) can be used for
fever, analgesics, or painkillers for joint pain. Severe patients with DHF/DSS should be
immediately hospitalized, where oral rehydration therapy can be followed for dehydration.
Platelet transfusion is recommended when its level reaches 20,000 or below [52].

These climatic elements can be incorporated into early warning systems to improve
Dengue forecasting, vector management, and control in the future [53]. Vector control
should follow according to the WHO’s Integrated Vector Management (IVM) system to
regulate the vector’s breeding areas, lessen the vector’s environment management, decrease
the stagnant areas of water, and maximize the use of larvicides, fogging, fumigation in
camps, and the treatment of waste and wastewater before releasing into the environment.
Bangladesh also recently experienced the dreadful flood that commenced on 17 May 2022,
and mainly captivated two districts of the northeastern division of Sylhet with 79 deaths,
thousands of injuries, and enormous economic loss. Due to widespread infection, the
ongoing COVID-19 infectious disease caused by SARS-CoV-2 has damaged global public
health, enterprises, and economies [28,29,51]. It is not crystal clear until now why the
Dengue infection is augmentation while government actions, environment, season, wastew-
ater, and public health knowledge gap are prevalent. It can turn into another outbreak
if it cannot be immediately controlled. Few environmental variables are interconnected
with each other. For example, the dew point is affected by atmospheric humidity and
air temperature. Humidity influences rainfall, and the quantity of rain influences water
stagnation everywhere, such that it may increase the vector of DV (mosquito). Global
warming, rising sea levels, and increased water stagnation in Bangladesh contribute to an
increase in Dengue disease vectors.
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It is almost impossible to include all of these environmental factors in current mathe-
matical models because many works are in parallel, and many are local factors. Investigat-
ing and determining the ecological factors’ role in this outbreak can simplify interpretation.
However, we believe the current study can provide a new perspective for discussion.

5. Conclusions

Dengue is a flavivirus infection spread by mosquitoes and is most common in tropical
and subtropical areas. The significance of meteorological factors in Dengue disease is
identified in many studies where the temperature was responsible for quick viral vector
replication, the humidity boosted vector transmission, and precipitation also showed
different effects on the spread of mosquito eggs as well as larvae. According to this
study result, climatic parameters, temperature, and relative humidity showed positive
correlations with Dengue cases using 23 years of data. SARIMA scored better than the other
four time series models, suggesting that we were able to estimate events more precisely
when we took into account seasonal influences. These results also validate our Poisson
regression model. All three models reported less correlation with Dengue cases than by the
Poisson regression model.

Moreover, the Poisson model with seasonal segmented data showed a stronger corre-
lation. This scenario is mainly attributed to inadequate education, knowledge gaps, a lack
of appropriate legislative rules, and a poor sanitation system without proper wastewater
management. Combining wastewater-based and serological-based hospital surveillance
can detect hotspots and predict patient numbers. A multi-sectoral approach should be
applied to amortize Dengue transmission, urbanization planning, environmental degra-
dation, production of active therapeutic vaccines, and education to prevent and control
the disease. Bangladesh has been attacked by Dengue many times, and one of the events
recorded in 2019 is its highest case. A multifaceted approach is needed for vector control,
rapid diagnosis at a low cost, a proper care system, and vaccines for four strains of Dengue.
The necessity of collaborative research is crucial to gain a deeper understanding of this
disease, immunity, and virus.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph20065152/s1, Supplementary Data S1: DENV cases, death,
and meteorological factors of Bangladesh.

Author Contributions: Conceptualization, data curation, formal analysis, investigation, methodol-
ogy, software, validation, roles/writing—original draft, and writing—review and editing: M.A.I.;
Data curation, formal analysis, investigation, methodology, software, validation, and roles/writing:
M.N.H.; Data curation, investigation, visualization, validation, and roles/writing: A.T.; Data curation,
investigation, visualization, and writing—review and editing: M.A.W.R.; Data curation, investigation,
and visualization: F.J.; Review and editing, investigation, and visualization: S.S.; Writing—review
and editing, and investigation: M.I.S.; Writing—review and editing, investigation, and visualization:
P.S.; Writing—review and editing, investigation, visualization, project administration, supervision,
and funding: P.B.; Conceptualization, writing—review and editing, investigation, and visualization:
M.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical Statement: This review-based study did not require
any ethical permission.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data in this manuscript extracted from Open access data bases and
will be available for all on the basis of their request.

Acknowledgments: We acknowledge the Advanced Molecular Lab, President Abdul Hamid Med-
ical College and Hospital, Kishoreganj, Bangladesh, and the KTH Royal Institute of Technology,
Teknikringen 10B, SE 10044, Stockholm. Authors also acknowledge, DGSH and NASA open access
online data sources for collecting data.

https://www.mdpi.com/article/10.3390/ijerph20065152/s1
https://www.mdpi.com/article/10.3390/ijerph20065152/s1


Int. J. Environ. Res. Public Health 2023, 20, 5152 13 of 15

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have influenced the work reported in this paper.

References
1. Murugesan, A.; Manoharan, M. Dengue Virus. In Emerging and Reemerging Viral Pathogens; Elsevier: Amsterdam, The Netherlands,

2020; pp. 281–359.
2. Wang, Y.; Wei, Y.; Li, K.; Jiang, X.; Li, C.; Yue, Q.; Zee, B.C.-Y.; Chong, K.C. Impact of extreme weather on Dengue fever infection

in four Asian countries: A modelling analysis. Environ. Int. 2022, 169, 107518. Available online: https://linkinghub.elsevier.com/
retrieve/pii/S0160412022004457 (accessed on 10 January 2023). [CrossRef]

3. Perera, R.; Kuhn, R.J. Structural proteomics of Dengue virus. Curr. Opin. Microbiol. 2008, 11, 369–377. [CrossRef]
4. Kakarla, S.G.; Kondeti, P.K.; Vavilala, H.P.; Boddeda, G.S.B.; Mopuri, R.; Kumaraswamy, S.; Kadiri, M.R.; Mutheneni, S.R. Weather

integrated multiple machine learning models for prediction of Dengue prevalence in India. Int. J. Biometeorol. 2022, 67, 285–297.
Available online: https://link.springer.com/10.1007/s00484-022-02405-z (accessed on 10 January 2023). [CrossRef]

5. Herath, J.M.M.K.; Abeyasundara, H.T.K.; De Silva, W.A.P.P.; Weeraratne, T.C.; Karunaratne, S.H.P.P. Weather-Based Prediction
Models for the Prevalence of Dengue Vectors Aedes aegypti and Ae. albopictus. Chowdhury, R., Ed. J. Trop. Med. 2022, 2022,
4494660. Available online: https://www.hindawi.com/journals/jtm/2022/4494660/ (accessed on 10 January 2023). [CrossRef]

6. Li, Z.; Dong, J. Big Geospatial Data and Data-Driven Methods for Urban Dengue Risk Forecasting: A Review. Remote Sens. 2022,
14, 5052. Available online: https://www.mdpi.com/2072-4292/14/19/5052 (accessed on 10 January 2023). [CrossRef]

7. Ochida, N.; Mangeas, M.; Dupont-Rouzeyrol, M.; Dutheil, C.; Forfait, C.; Peltier, A.; Descloux, E.; Menkes, C. Modeling present
and future climate risk of Dengue outbreak, a case study in New Caledonia. Environ. Health 2022, 21, 20. Available online:
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-022-00829-z (accessed on 10 January 2023). [CrossRef]

8. Gómez Gómez, R.E.; Kim, J.; Hong, K.; Jang, J.Y.; Kisiju, T.; Kim, S.; Chun, B.C. Association between Climate Factors and Dengue
Fever in Asuncion, Paraguay: A Generalized Additive Model. Int. J. Environ. Res. Public Health 2022, 19, 12192. Available online:
https://www.mdpi.com/1660-4601/19/19/12192 (accessed on 10 January 2023). [CrossRef]

9. Mutsuddy, P.; TahminaJhora, S.; Shamsuzzaman, A.K.M.; Kaisar, S.M.G.; Khan, M.N.A. Dengue Situation in Bangladesh: An
Epidemiological Shift in terms of Morbidity and Mortality. Can. J. Infect. Dis. Med. Microbiol. 2019, 2019, 3516284. Available
online: https://www.hindawi.com/journals/cjidmm/2019/3516284/ (accessed on 10 January 2023). [CrossRef]

10. Islam, M.A.; Hasan, M.N.; Ahammed, T.; Anjum, A.; Majumder, A.; Siddiqui, M.N.-E.; Mukharjee, S.K.; Sultana, K.F.; Sultana,
S.; Jakariya; et al. Association of household fuel with acute respiratory infection (ARI) under-five years children in Bangladesh.
Front. Public Health 2022, 10, 2296–2565; Available online: https://www.frontiersin.org/articles/10.3389/fpubh.2022.985445/full
(accessed on 10 January 2023). [CrossRef]

11. Islam, M.A.; Ahammed, T.; Ahmed Noor, S.T.; Hasan, M.N.; Hoque, M.N.; Tiwari, A.; Harapan, H.; Dhama, K.; Islam, T.;
Bhattacharya, P. An Estimation of Five-decade Long Monkeypox Case Fatality Rate: Systematic Review and Meta-analysis. J. Pure
Appl. Microbiol. 2022, 16 (Suppl. S1), 3036–3047. Available online: https://microbiologyjournal.org/an-estimation-of-five-decade-
long-monkeypox-case-fatality-rate-systematic-review-and-meta-analysis/ (accessed on 10 January 2023). [CrossRef]

12. Islam, M.A.; Hemo, M.K.; Chopra, H.; Amin, M.R.; Bhattacharya, P.; Dhama, K. Old Enemy with a New Face: Re-emerging Monkey-
pox Disease—An Update. J. Pure Appl. Microbiol. 2022, 16 (Suppl. S1), 2972–2988. Available online: https://microbiologyjournal.
org/old-enemy-with-a-new-face-re-emerging-monkeypox-disease-an-update/ (accessed on 10 January 2023). [CrossRef]

13. Slam, A.; Sangkham, S.; Tiwari, A.; Vadiati, M.; Hasan, M.N.; Noor, S.T.A.; Mumin, J.; Bhattacharya, P.; Sherchan, S.P. Association
between Global Monkeypox Cases and Meteorological Factors. Int. J. Environ. Res. Public Health 2022, 19, 15638. Available online:
https://www.mdpi.com/1660-4601/19/23/15638 (accessed on 10 January 2023).

14. Dhama, K.; Chandran, D.; Chakraborty, S.; Yatoo, M.I.; Islam, A.; Bhattacharya, M.; Chakraborty, C.; Harapan, H.; Chaicumpa, W.
Zoonotic concerns of Marburg virus: Current knowledge and counteracting strategies including One Health approach to limit
animal-human interface: An update. Int. J. Surg. 2022, 106, 106941. Available online: https://linkinghub.elsevier.com/retrieve/
pii/S174391912200718X (accessed on 10 January 2023). [CrossRef]

15. Islam, A.; Rahman, A.; Jakariya; Bahadur, N.M.; Hossen, F.; Mukharjee, S.K.; Hossain, M.S.; Tasneem, A.; Haque, A.; Sera,
F.; et al. A 30-day follow-up study on the prevalence of SARS-COV-2 genetic markers in wastewater from the residence of
COVID-19 patient and comparison with clinical positivity. Sci. Total Environ. 2022, 858, 159350. Available online: https:
//linkinghub.elsevier.com/retrieve/pii/S004896972206449X (accessed on 10 January 2023). [CrossRef] [PubMed]

16. Aldaej, A.; Ahamed Ahanger, T.; Yousuf Uddin, M.; Ullah, I. Secure Dengue Epidemic Prediction System: Healthcare Perspective.
Comput. Mater. Contin. 2022, 73, 1723–1745. Available online: https://www.techscience.com/cmc/v73n1/47817 (accessed on
10 January 2023). [CrossRef]

17. De Livera, A.M.; Hyndman, R.J.; Snyder, R.D. Forecasting Time Series with Complex Seasonal Patterns Using Exponential
Smoothing. J. Am. Stat. Assoc. 2011, 106, 1513–1527. Available online: http://www.tandfonline.com/doi/abs/10.1198/jasa.2011
.tm09771 (accessed on 10 January 2023). [CrossRef]

18. Islam, A.; Hossen, F.; Rahman, A.; Sultana, K.F.; Hasan, M.N.; Haque, A.; Sosa-Hernández, J.E.; Oyervides-Muñoz, M.A.; Parra-
Saldívar, R.; Ahmed, T.; et al. An opinion on Wastewater-Based Epidemiological Monitoring (WBEM) with Clinical Diagnostic Test
(CDT) for detecting high-prevalence areas of community COVID-19 Infections. Curr. Opin. Environ. Sci. Health 2022, 31, 100396.
Available online: https://linkinghub.elsevier.com/retrieve/pii/S246858442200071X (accessed on 10 January 2023). [CrossRef]

https://linkinghub.elsevier.com/retrieve/pii/S0160412022004457
https://linkinghub.elsevier.com/retrieve/pii/S0160412022004457
http://doi.org/10.1016/j.envint.2022.107518
http://doi.org/10.1016/j.mib.2008.06.004
https://link.springer.com/10.1007/s00484-022-02405-z
http://doi.org/10.1007/s00484-022-02405-z
https://www.hindawi.com/journals/jtm/2022/4494660/
http://doi.org/10.1155/2022/4494660
https://www.mdpi.com/2072-4292/14/19/5052
http://doi.org/10.3390/rs14195052
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-022-00829-z
http://doi.org/10.1186/s12940-022-00829-z
https://www.mdpi.com/1660-4601/19/19/12192
http://doi.org/10.3390/ijerph191912192
https://www.hindawi.com/journals/cjidmm/2019/3516284/
http://doi.org/10.1155/2019/3516284
https://www.frontiersin.org/articles/10.3389/fpubh.2022.985445/full
http://doi.org/10.3389/fpubh.2022.985445
https://microbiologyjournal.org/an-estimation-of-five-decade-long-monkeypox-case-fatality-rate-systematic-review-and-meta-analysis/
https://microbiologyjournal.org/an-estimation-of-five-decade-long-monkeypox-case-fatality-rate-systematic-review-and-meta-analysis/
http://doi.org/10.22207/JPAM.16.SPL1.16
https://microbiologyjournal.org/old-enemy-with-a-new-face-re-emerging-monkeypox-disease-an-update/
https://microbiologyjournal.org/old-enemy-with-a-new-face-re-emerging-monkeypox-disease-an-update/
http://doi.org/10.22207/JPAM.16.SPL1.18
https://www.mdpi.com/1660-4601/19/23/15638
https://linkinghub.elsevier.com/retrieve/pii/S174391912200718X
https://linkinghub.elsevier.com/retrieve/pii/S174391912200718X
http://doi.org/10.1016/j.ijsu.2022.106941
https://linkinghub.elsevier.com/retrieve/pii/S004896972206449X
https://linkinghub.elsevier.com/retrieve/pii/S004896972206449X
http://doi.org/10.1016/j.scitotenv.2022.159350
http://www.ncbi.nlm.nih.gov/pubmed/36265620
https://www.techscience.com/cmc/v73n1/47817
http://doi.org/10.32604/cmc.2022.027487
http://www.tandfonline.com/doi/abs/10.1198/jasa.2011.tm09771
http://www.tandfonline.com/doi/abs/10.1198/jasa.2011.tm09771
http://doi.org/10.1198/jasa.2011.tm09771
https://linkinghub.elsevier.com/retrieve/pii/S246858442200071X
http://doi.org/10.1016/j.coesh.2022.100396


Int. J. Environ. Res. Public Health 2023, 20, 5152 14 of 15

19. Chakraborty, S.; Chandran, D.; Mohapatra, R.K.; Islam, A.; Alagawany, M.; Bhattacharya, M.; Chakraborty, C.; Dhama, K.
Langya virus, a newly identified Henipavirus in China—Zoonotic pathogen causing febrile illness in humans, and its health
concerns: Current knowledge and counteracting strategies—Correspondence. Int. J. Surg. 2022, 105, 106882. Available online:
https://linkinghub.elsevier.com/retrieve/pii/S1743919122006598 (accessed on 10 January 2023). [CrossRef]

20. Chakraborty, S.; Mohapatra, R.K.; Chandran, D.; Alagawany, M.; Sv, P.; Islam, A.; Chakraborty, C.; Dhama, K. Monkeypox vaccines
and vaccination strategies: Current knowledge and advances. An update—Correspondence. Int. J. Surg. 2022, 105, 106869. Available
online: https://linkinghub.elsevier.com/retrieve/pii/S174391912200646X (accessed on 10 January 2023). [CrossRef]

21. Chakraborty, C.; Bhattacharya, M.; Sharma, A.R.; Roy, S.S.; Islam, A.; Chakraborty, S.; Nandi, S.S.; Dhama, K. Deep learning
research should be encouraged for diagnosis and treatment of antibiotic resistance of microbial infections in treatment associated
emergencies in hospitals. Int. J. Surg. 2022, 105, 106857. Available online: https://linkinghub.elsevier.com/retrieve/pii/S1743919
122006343 (accessed on 10 January 2023). [CrossRef]

22. Chakraborty, S.; Chandran, D.; Mohapatra, R.K.; Yatoo, M.I.; Islam, A.; Sharma, A.K.; Dhama, K. Sciences Marburg Virus
Disease—A Mini-Review. J. Exp. Biol. Agric. 2022, 10, 689–696.

23. Chandran, D.; Dhama, K.; M K, M.A.; Chakraborty, S.; Mohapatra, R.K.; Yatoo, M.I.; Isiam, A.; Alagawany, M.; Sharma, A.;
Mohankumar, P.; et al. Monkeypox: An Update on Current Knowledge and Research Advances. J. Exp. Biol. Agric. Sci. 2022, 10,
679–688. [CrossRef]

24. Ahmed, F.; Islam, M.A.; Kumar, M.; Hossain, M.; Bhattacharya, P.; Islam, M.T.; Hossen, F.; Hossain, S.; Islam, S.; Uddin, M.; et al.
First detection of SARS-CoV-2 genetic material in the vicinity of COVID-19 isolation Centre in Bangladesh: Variation along the
sewer network. Sci. Total Environ. 2021, 776, 145724. Available online: https://linkinghub.elsevier.com/retrieve/pii/S004896972
1007919 (accessed on 10 January 2023). [CrossRef] [PubMed]

25. Haider, N.; Chang, Y.-M.; Rahman, M.; Zumla, A.; Kock, R.A. Dengue outbreaks in Bangladesh: Historic epidemic patterns
suggest earlier mosquito control intervention in the transmission season could reduce the monthly growth factor and extent of
epidemics. Curr. Res. Parasitol. Vector-Borne Dis. 2021, 1, 100063. Available online: https://linkinghub.elsevier.com/retrieve/pii/
S2667114X21000571 (accessed on 10 January 2023). [CrossRef] [PubMed]

26. Islam, A.; Marzan, A.A.; Islam, S.; Sultana, S.; Parvej, I.; Hossain, M.S.; Amin, M.T.; Hossain, F.E.; Barek, A.; Hossen, S.; et al. Sex-specific
epidemiological and clinical characteristics of COVID-19 patients in the southeast region of Bangladesh. medRxiv 2021. [CrossRef]

27. Islam, M.A.; Haque, M.A.; Rahman, M.A.; Hossen, F.; Reza, M.; Barua, A.; Marzan, A.A.; Das, T.; Baral, S.K.; He, C.; et al. A Review
on Measures to Rejuvenate Immune System: Natural Mode of Protection Against Coronavirus Infection. Front. Immunol. 2022, 13.
Available online: https://www.frontiersin.org/articles/10.3389/fimmu.2022.837290/full (accessed on 10 January 2023). [CrossRef]

28. Sakib, M.M.H.; Nishat, A.A.; Islam, M.T.; Raihan Uddin, M.A.; Iqbal, M.S.; Bin Hossen, F.F.; Ahmed, M.I.; Bashir, S.; Hossain, T.;
Tohura, U.S.; et al. Computational screening of 645 antiviral peptides against the receptor-binding domain of the spike protein in
SARS-CoV-2. Comput. Biol. Med. 2021, 136, 104759. Available online: https://linkinghub.elsevier.com/retrieve/pii/S00104825210
05539 (accessed on 10 January 2023). [CrossRef] [PubMed]

29. Correia Filho, W.L.F. Influence of meteorological variables on Dengue incidence in the municipality of Arapiraca, Alagoas, Brazil.
Rev. Soc. Bras. Med. Trop. 2017, 50, 309–314. Available online: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0037-86
822017000300309&lng=en&tlng=en (accessed on 10 January 2023). [CrossRef]

30. Mutheneni, S.R.; Morse, A.P.; Caminade, C.; Upadhyayula, S.M. Dengue burden in India: Recent trends and importance of climatic
parameters. Emerg. Microbes Infect. 2017, 6, 1–10. Available online: https://www.tandfonline.com/doi/full/10.1038/emi.2017.57
(accessed on 10 January 2023). [CrossRef]

31. Banu, S.; Guo, Y.; Hu, W.; Dale, P.; Mackenzie, J.S.; Mengersen, K.; Tong, S. Impacts of El Niño Southern Oscillation and Indian
Ocean Dipole on Dengue incidence in Bangladesh. Sci. Rep. 2015, 5, 16105. Available online: http://www.nature.com/articles/
srep16105 (accessed on 10 January 2023). [CrossRef]

32. Bhatia, S.; Bansal, D.; Patil, S.; Pandya, S.; Ilyas, Q.M.; Imran, S. A Retrospective Study of Climate Change Affecting Dengue:
Evidences, Challenges and Future Directions. Front. Public Health 2022, 10. Available online: https://www.frontiersin.org/
articles/10.3389/fpubh.2022.884645/full (accessed on 10 January 2023). [CrossRef] [PubMed]

33. Halide, H.; Ridd, P. A predictive model for Dengue Hemorrhagic Fever epidemics. Int. J. Environ. Health Res. 2008, 18, 253–265.
Available online: http://www.tandfonline.com/doi/abs/10.1080/09603120801966043 (accessed on 10 January 2023). [CrossRef]
[PubMed]

34. Paul, K.K.; Dhar-Chowdhury, P.; Haque, C.E.; Al-Amin, H.M.; Goswami, D.R.; Kafi, M.A.H.; Drebot, M.A.; Lindsay, L.R.; Ahsan,
G.U.; Brooks, W.A. Risk factors for the presence of Dengue vector mosquitoes, and determinants of their prevalence and larval
site selection in Dhaka, Bangladesh. Terenius, O., Ed. PLoS ONE 2018, 13, e0199457. [CrossRef] [PubMed]

35. Alkhaldy, I. Modelling the association of Dengue fever cases with temperature and relative humidity in Jeddah, Saudi Arabia—A
generalised linear model with break-point analysis. Acta Trop. 2017, 168, 9–15. Available online: https://linkinghubelseviercom/
retrieve/pii/S0001706X16308865 (accessed on 10 January 2023). [CrossRef] [PubMed]

36. Schwartz, E.; Weld, L.H.; Wilder-Smith, A.; von Sonnenburg, F.; Keystone, J.S.; Kain, K.C.; Torresi, J.; Freedman, D.O.; the
GeoSentinel Surveillance Network. Seasonality, Annual Trends, and Characteristics of Dengue among Ill Returned Travelers, 1997–
2006. Emerg. Infect. Dis. 2008, 14, 1081–1088. Available online: http://wwwnc.cdc.gov/eid/article/14/7/07-1412_article.htm
(accessed on 10 January 2023). [CrossRef] [PubMed]

https://linkinghub.elsevier.com/retrieve/pii/S1743919122006598
http://doi.org/10.1016/j.ijsu.2022.106882
https://linkinghub.elsevier.com/retrieve/pii/S174391912200646X
http://doi.org/10.1016/j.ijsu.2022.106869
https://linkinghub.elsevier.com/retrieve/pii/S1743919122006343
https://linkinghub.elsevier.com/retrieve/pii/S1743919122006343
http://doi.org/10.1016/j.ijsu.2022.106857
http://doi.org/10.18006/2022.10(4).679.688
https://linkinghub.elsevier.com/retrieve/pii/S0048969721007919
https://linkinghub.elsevier.com/retrieve/pii/S0048969721007919
http://doi.org/10.1016/j.scitotenv.2021.145724
http://www.ncbi.nlm.nih.gov/pubmed/33652314
https://linkinghub.elsevier.com/retrieve/pii/S2667114X21000571
https://linkinghub.elsevier.com/retrieve/pii/S2667114X21000571
http://doi.org/10.1016/j.crpvbd.2021.100063
http://www.ncbi.nlm.nih.gov/pubmed/35284868
http://doi.org/10.1101/2021.07.05.21259933
https://www.frontiersin.org/articles/10.3389/fimmu.2022.837290/full
http://doi.org/10.3389/fimmu.2022.837290
https://linkinghub.elsevier.com/retrieve/pii/S0010482521005539
https://linkinghub.elsevier.com/retrieve/pii/S0010482521005539
http://doi.org/10.1016/j.compbiomed.2021.104759
http://www.ncbi.nlm.nih.gov/pubmed/34403938
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0037-86822017000300309&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0037-86822017000300309&lng=en&tlng=en
http://doi.org/10.1590/0037-8682-0432-2016
https://www.tandfonline.com/doi/full/10.1038/emi.2017.57
http://doi.org/10.1038/emi.2017.57
http://www.nature.com/articles/srep16105
http://www.nature.com/articles/srep16105
http://doi.org/10.1038/srep16105
https://www.frontiersin.org/articles/10.3389/fpubh.2022.884645/full
https://www.frontiersin.org/articles/10.3389/fpubh.2022.884645/full
http://doi.org/10.3389/fpubh.2022.884645
http://www.ncbi.nlm.nih.gov/pubmed/35712272
http://www.tandfonline.com/doi/abs/10.1080/09603120801966043
http://doi.org/10.1080/09603120801966043
http://www.ncbi.nlm.nih.gov/pubmed/18668414
http://doi.org/10.1371/journal.pone.0199457
http://www.ncbi.nlm.nih.gov/pubmed/29928055
https://linkinghubelseviercom/retrieve/pii/S0001706X16308865
https://linkinghubelseviercom/retrieve/pii/S0001706X16308865
http://doi.org/10.1016/j.actatropica.2016.12.034
http://www.ncbi.nlm.nih.gov/pubmed/28069326
http://wwwnc.cdc.gov/eid/article/14/7/07-1412_article.htm
http://doi.org/10.3201/eid1407.071412
http://www.ncbi.nlm.nih.gov/pubmed/18598629


Int. J. Environ. Res. Public Health 2023, 20, 5152 15 of 15

37. Victor, T.J.; Malathi, M.; Asokan, R.; Padmanaban, P. Laboratory-based Dengue fever surveillance in Tamil Nadu, India. Indian J.
Med. Res. 2007, 126, 112–115. Available online: http://www.ncbi.nlm.nih.gov/pubmed/17932434 (accessed on 10 January 2023).

38. Johansson, M.A.; Dominici, F.; Glass, G.E. Local and Global Effects of Climate on Dengue Transmission in Puerto Rico. Massad,
E., Ed. PLoS Negl. Trop. Dis. 2009, 3, e382. [CrossRef]

39. Hossain, M.P.; Zhou, W.; Ren, C.; Marshall, J.; Yuan, H.-Y. Prediction of Dengue annual incidence using seasonal climate variability
in Bangladesh between 2000 and 2018. Hamers, R.L., Ed. PLoS Glob. Public Health 2022, 2, e0000047. [CrossRef]

40. Yuan, H.-Y.; Liang, J.; Lin, P.-S.; Sucipto, K.; Tsegaye, M.M.; Wen, T.-H.; Pfeiffer, S.; Pfeiffer, D. The effects of seasonal climate
variability on Dengue annual incidence in Hong Kong: A modelling study. Sci. Rep. 2020, 10, 4297. Available online: http:
//www.nature.com/articles/s41598-020-60309-7 (accessed on 10 January 2023). [CrossRef]

41. Langkulsen, U.; na Sakolnakhon, K.P. Identifying High-risk Areas of Dengue by Meteorological factors in Thailand. IOP Conf. Ser.
Earth Environ. Sci. 2022, 987, 012001. Available online: https://iopscience.iop.org/article/10.1088/1755-1315/987/1/012001
(accessed on 10 January 2023). [CrossRef]

42. Hossain, F.E.; Islam, S.; Islam, M.A.; Islam, S.; Ahmed, F. Detection of virulence genes of APEC (avian pathogenic Escherichia coli)
isolated from poultry in Noakhali, Bangladesh. Bioresearch Commun. 2021, 7, 967–972. Available online: https://www.banglajol.
info/index.php/BRC/article/view/54253 (accessed on 10 January 2023). [CrossRef]

43. Kamruzzaman, M.; Mandal, T.; Rahman, A.T.M.S.; Abdul Khalek, M.; Alam, G.M.M.; Rahman, M.S. Climate Modeling, Drought
Risk Assessment and Adaptation Strategies in the Western Part of Bangladesh. 2021, pp. 21–54. Available online: https://link.springer.
com/10.1007/978-3-030-77259-8_2 (accessed on 10 January 2023).

44. Shahid, S.; Khairulmaini, O.S. Spatio-temporal variability of rainfall over Bangladesh during the time period 1969–2003. Asia-Pac.
J. Atmos. Sci. 2009, 43, 375–389.

45. Roy, S.; Ripon, A.R.; Begum, R.; Bhowmik, D.R.; Amin, M.T.; Islam, A.; Ahmed, F.; Hossain, M.S. Arachidonic acid supplementation
attenuates adipocyte inflammation but not adiposity in high fat diet induced obese mice. Biochem. Biophys. Res. Commun. 2022, 608,
90–95. Available online: https://linkinghub.elsevier.com/retrieve/pii/S0006291X22004223 (accessed on 10 January 2023). [CrossRef]
[PubMed]

46. Haque, M.A.; Wang, F.; Chen, Y.; Hossen, F.; Islam, M.A.; Hossain, M.A.; Siddique, N.; He, C.; Ahmed, F. Bacillus spp.
Contamination: A Novel Risk Originated From Animal Feed to Human Food Chains in South-Eastern Bangladesh. Front.
Microbiol. 2022, 12, 783103. Available online: https://www.frontiersin.org/articles/10.3389/fmicb.2021.783103/full (accessed on
10 January 2023). [CrossRef]

47. Roy, S.; Bhowmik, D.R.; Begum, R.; Amin, M.T.; Islam, A.; Ahmed, F.; Hossain, M.S. Aspirin attenuates the expression of adhesion
molecules, risk of obesity, and adipose tissue inflammation in high-fat diet-induced obese mice. Prostaglandins Other Lipid Mediat.
2022, 162, 106664. Available online: https://linkinghub.elsevier.com/retrieve/pii/S1098882322000545 (accessed on 10 January 2023).
[CrossRef]

48. Jakariya, M.; Ahmed, F.; Islam, M.A.; Al Marzan, A.; Hasan, M.N.; Hossain, M.; Ahmed, T.; Hossain, A.; Reza, H.M.; Hossen, F.;
et al. Wastewater-based epidemiological surveillance to monitor the prevalence of SARS-CoV-2 in developing countries with
onsite sanitation facilitie. Environ. Pollut. 2022, 119679. Available online: https://linkinghub.elsevier.com/retrieve/pii/S0269749
122008934 (accessed on 10 January 2023). [CrossRef]

49. CDC (Dengue). Available online: https://www.cdc.gov/dengue/index.html (accessed on 10 January 2023).
50. Rahman, F.I.; Ether, S.A.; Islam, M.R. Upsurge of Dengue Prevalence During the Third Wave of COVID-19 Pandemic in

Bangladesh: Pouring Gasoline to Fire. Clin. Pathol. 2022, 15, 2632010X2210760. Available online: http://journals.sagepub.com/
doi/10.1177/2632010X221076068 (accessed on 10 January 2023). [CrossRef]

51. Nasir, N.H.; Mohamad, M.; Lum, L.C.S.; Ng, C.J. Effectiveness of a fluid chart in outpatient management of suspected Dengue
fever: A pilot study. Huy, N.T., Ed. PLoS ONE 2017, 12, e0183544. [CrossRef]

52. Iguchi, J.A.; Seposo, X.T.; Honda, Y. Meteorological factors affecting Dengue incidence in Davao, Philippines. BMC Public Health
2018, 18, 629. Available online: https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5532-4 (accessed on
10 January 2023). [CrossRef]

53. Rakib, S.H.; Masum, S.; Patwari, M.R.I.; Fahima, R.A.; Farhana, A.; Islam, M.A. Design and Development of a low cost Ultraviolet
Disinfection system to reduce the cross infection of SARS-CoV-2 in ambulances. In Proceedings of the 2021 International Confer-
ence on Electronics, Communications and Information Technology (ICECIT) IEEE, Khulna, Bangladesh, 14–16 September 2021;
pp. 1–4. Available online: https://ieeexplore.ieee.org/document/9641131/ (accessed on 10 January 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://www.ncbi.nlm.nih.gov/pubmed/17932434
http://doi.org/10.1371/journal.pntd.0000382
http://doi.org/10.1371/journal.pgph.0000047
http://www.nature.com/articles/s41598-020-60309-7
http://www.nature.com/articles/s41598-020-60309-7
http://doi.org/10.1038/s41598-020-60309-7
https://iopscience.iop.org/article/10.1088/1755-1315/987/1/012001
http://doi.org/10.1088/1755-1315/987/1/012001
https://www.banglajol.info/index.php/BRC/article/view/54253
https://www.banglajol.info/index.php/BRC/article/view/54253
http://doi.org/10.3329/brc.v7i1.54253
https://link.springer.com/10.1007/978-3-030-77259-8_2
https://link.springer.com/10.1007/978-3-030-77259-8_2
https://linkinghub.elsevier.com/retrieve/pii/S0006291X22004223
http://doi.org/10.1016/j.bbrc.2022.03.089
http://www.ncbi.nlm.nih.gov/pubmed/35397428
https://www.frontiersin.org/articles/10.3389/fmicb.2021.783103/full
http://doi.org/10.3389/fmicb.2021.783103
https://linkinghub.elsevier.com/retrieve/pii/S1098882322000545
http://doi.org/10.1016/j.prostaglandins.2022.106664
https://linkinghub.elsevier.com/retrieve/pii/S0269749122008934
https://linkinghub.elsevier.com/retrieve/pii/S0269749122008934
http://doi.org/10.1016/j.envpol.2022.119679
https://www.cdc.gov/dengue/index.html
http://journals.sagepub.com/doi/10.1177/2632010X221076068
http://journals.sagepub.com/doi/10.1177/2632010X221076068
http://doi.org/10.1177/2632010X221076068
http://doi.org/10.1371/journal.pone.0183544
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5532-4
http://doi.org/10.1186/s12889-018-5532-4
https://ieeexplore.ieee.org/document/9641131/

	Introduction 
	Materials and Methods 
	Dengue Cases and Meteorological Factors 
	Statistical Time Series Models 
	Simple Exponential Smoothing Model (SES) 
	Auto-Regressive Integrated Moving Average Model (ARIMA) 
	Auto-Regressive Integrated Moving Average with Explanatory Variables (ARIMAX) 
	Seasonal Auto-Regressive Integrated Moving Average Model (SARIMA) 
	Generalized Additive Model (GA) 
	Generalized Linear Mixed Models (GLM) 

	Statistical Analysis 

	Results 
	Dengue Status in Bangladesh 
	Association between Daily Dengue Cases and Meteorological Variables 
	Time Series Model Results 

	Discussion 
	Conclusions 
	References

