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Abstract

Dengue fever (DF) and Dengue haemorrhagic fever (DHF) is the most significant arising arboviral disease which is spread
from dengue virus infection. Aedes aegypti and Aedes albopictus are the known vectors of dengue virus worldwide. A house
based entomological survey was conducted to identify the distribution, abundance of dengue vector(s) mosquitoes and their
preferable breeding sites in five selected wards at Dhaka North City Corporation, during July to December 2019. Stegomyia
indices were calculated using the exact binomial test. Association between climatic factors and Aedes species abundance were
also studied. The highest prevalence of Aedes mosquitoes were found in July. We did not found any Ae.albopictus during the
study period. The overall house index (HI), container index, and Breteau index were found 20, 2 and 31 respectively, during
the survey period. The present study did not find any significant association (p > 0.05) with meteorological factors (mean
temperature, lag rainfall & relative humidity) and the density of Aedes mosquitoes. It is not possible to get an exact idea of
the dengue outbreak through a short-term Aedes mosquito survey. So, this study suggests year-long mosquito surveillance
program to acquire more conception of dengue transmission and how dengue vector(s) species abundance playing the role.

KeyWOI‘dS: Urban Mosquitoes; Dengue Fever; Aedes; Breeding Preferences; Larval Surveillance; Container Productivity &
Frequency; Stegomyia Indices
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Abbreviations: WHO: World Health Organization; DF:
Dengue Fever; DHF: Dengue Hemorrhagic Fever; DGHS:
Directorate-General for Health Services; DNCC: Dhaka North
City Corporation; DCC: Dhaka City Corporation; CI: Container
Index; BMD: Bangladesh Meteorological Department; HI:
house index; PC: positive containers; DSCC: Dhaka South City
Corporation.

Introduction

Dengue is one of the severe; painful and fast emerging
mosquitos borne disease which is liable for over 100 million
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lected Administrative Wards of Dhaka North City Corporation, Bangladesh

infections a year throughout tropical and subtropical regions
of the world [1]. The World Health Organization (WHO) has
determined that the real figure may be more like 390 million
[2,3]. In Bangladesh; a major dengue outbreak took place in
2000 by a countrywide epidemic involving 5; 551 infection
cases and 93 deaths were occurred. Recently dengue fever
(DF) and dengue haemorrhagic fever (DHF) has become
the foremost emerging diseases and genuine public health
problems in all major cities in Bangladesh. More than 90% of
all dengue cases were accounted in Dhaka; and therefore; this
capital was distinguished as the most endemic metropolitan
territory for dengue in the country [4-7]. The dengue virus is
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transmitted to humans through the bite of infectious female
Aedes mosquitoes [8]. Aedes aegypti and Aedes albopictus
are the known vector species of dengue fever (DF) and
dengue hemorrhagic fever (DHF). These vectors are deeply
sensitive to the environmental factors as temperature;
humidity; rainfall etc. and are also capable to breed in a small
amount of water such as a tablespoons of water; especially in
urban conditions [9,10]. The main producers of Aedes larvae
known as “Key Containers” are the principal source of adult
Aedes mosquitoes [11]. Aedes aegypti is considered to be
the predominant indoor breeder; while Aedes albopictus is
considered for outdoor breeder [12].

Mosquito surveillance is essential for an effective
mosquito control program that provides information on
adult and larval population density and species composition
which is very useful in preventing a serious outbreak of
dengue fever [13]. It is acknowledged that national dengue
surveillance is done in such a small range which depends on
only 41 hospitals in Dhaka and the rest of all other hospitals
situated in other districts of Bangladesh; are remain as
unexposed in reporting dengue outbreak [14]. More than
100; 000 infection cases were occurred and 179 people died
by dengue fever in 2019 which were confirmed by the Health
Emergency Operations Center and Control Unit; DGHS;
Bangladesh [15]. According to this data; we can assume
that the most serious dengue outbreak occurred in the year
2019; which has broken all previous records of dengue
outbreaks in Bangladesh. Since March 2020; all surveys on
dengue vector(s) mosquito species have been postponed
due to the COVID-19 pandemic. This led to an increase in
the dengue epidemic throughout the country; especially in
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the city of Dhaka. According to a report by the Bangladesh
Directorate-General for Health Services (DGHS); more than
28; 229 patients with dengue fever were admitted to hospital
throughout the year of 2021; of which more than 105 were
died. So; it is very necessary to conduct regular surveillance
on dengue vector(s) mosquitoes in the city of Dhaka and
throughout the country for taking precautionary activities
to prevent the severe outbreak of dengue fever. Considering
the importance of surveillance in the mosquito control
program; the current study was conducted in five selected
administrative wards of Dhaka North City Corporation
(DNCCQ).

Methods and Materials

Study Area

Dhaka; the capital of Bangladesh; is located between
23°4550" north latitude and 90°2320" E longitude; is densely
populated by 21 million individuals living in a space of about
360 km? which is divided in some administrative units
known as “wards” [12]. This place is extremely known for
the spread of diseases caused by mosquitoes [16]. There are
92 wards (the smallest administrative unit) in the Dhaka City
Corporation (DCC); which are divided into two parts of the
city. One is the Dhaka North City Corporation (DNCC) and the
other is the Dhaka South City Corporation (DSCC) [17]. The
study was carried out in selected five administrative wards
of zone 5 of Dhaka North City Corporation (Figure 1). The
administrative wards were randomly selected to detect the
larval density of Aedes mosquito in those areas.

Figure 1: Map of Exact locations (with selected Wards No.) of study area in DNCC.
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Entomological Survey and Study Period

The entomological surveillance was conducted in five
selected administrative wards (ward no-29; 30; 31; 32
and 33) of zone 05 at North City Corporation in Dhaka city
from July to December 2019; to reduce the severe situation
of the DF (Dengue Fever) epidemic. The main objective of
this study was to anticipate further transmission of dengue
by identifying the regions with a large thickness of Aedes
mosquitoes. For this field survey; 20 houses were selected
of which 8 were multi-storied houses; 3 were independent
houses; 2 were vacant places; 3 were construction sites; 3
were semi-permanent houses and a slum house. Although
in a strict sense casual sampling could not be done with
available resources; we tried to minimize the preference in
selecting houses. Households are selected on the basis of: (1)
frequency distribution of different house types; (2) spatial
distribution of the households in the geographical area
of DNCC. The houses were named per their development
[12]. The houses were named according to their structural
construction. This field survey was carried out in all three
locations of each house; i.e. indoors; outdoors; and in the
roof.

Collection; Transportation of Larvae

All selected places were physically marked on the map;
and their addresses were saved on both field data sheets
and GPS units. Among every type of selected houses; all
containers were checked for immature mosquitoes in the
inside and outsides of the houses. If; any containers that have
stored water for more than 3 days it is considered as a “wet
container”. Water which is stored in any external containers;
without any nearby water source; during the monsoon
season is considered as “rainwater”. The number and type of
“dry container” (those that retain water for less than 3 days)
were also recorded to calculate the container index (CI). All
wet containers were observed for finding mosquito larvae;
especially for detecting Aedes larvae or pupae. The containers
were then divided into different groups: pots; plastic bowls;
clay pots; coconut shells; cans and bottles; etc. The mosquito
larvae had been collected by a standard method with dipper;
whereas the dipper had been gently lowered in an angle of
45° just below the water surface. Larvae were collected by
ladle spoon; pipette; dipper and dropper from different spot.

Identification of Larval Mosquito Species

Mosquito larvae were collected from different locations
and kept in labeled plastic vials; then they were kept in vials
with formalin (CH,0) to be identified in the laboratory of the
Entomology at Jahangirnagar University. The larvae were
identified by a simple method and by the preparation of
permanent slides. Mosquito larvae were identified using the
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keys of Barraud, et al., Bram, et al., Puri, et al. [18-20].

Collection of Meteorological Data

Meteorological data including rainfall; temperature
and relative humidity for monsoon (July-December; 2019)
was collected from Bangladesh Meteorological Department
(BMD).

Data Analysis

Stegomyia indices including; the house index (HI); the
percentage of houses infected with larvae; container index
(CI); the percentage of containers infected with mosquito
larvae; BI; the percentage of positive containers with the
total houses inspected; has been calculated according to the
WHO'’s guidelines. These four indices were calculated based
on the number of wet containers infested with Aedes larvae.
Wet containers with any number of larvae were considered
as “positive containers” (PC). Houses that found with
positive containers were considered as “positive premises”.
The parameters below were used to obtain the entomology
indices for all the surveyed localities:

Number of positive houses
HI = : x100

Number of housesinspected

Number of Positive containers
Cl = x100

Number of containersinspected

Number of Positive containers

BI x100

Number of housesinspected

Prevalence of container infested by Aedes larvae were
calculated by dividing all containers (dry & wet) with the
number of wet and infested containers. Pearson correlation
analysis was also utilized to identify the connection between
the mosquito larval density and meteorological factors such
as mean temperature; relative humidity & lag rainfall. Data
were analyzed by using Microsoft Excel 2013 and IBM stat
2020. All maps were designed through ArcGIS (Pro 10.8.1
version) software.

Results

Monthly Prevalence of Dengue Vector(S)
Mosquito Species

A total of 120 houses were inspected (20 houses per
month); among them only 24 houses (20%) were found
positive for Aedes larvae during the study period (July-
December; 2019). The present survey found the highest
prevalence of Aedes mosquito in July. The overall house index
(HD); container index; and Breteau index were found 20; 2
and 31 respectively; during the survey period (Table 1).
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Month No. of House inspected | No. of WC No. of PWC No. of (+ve) House HI CI BI
July 20 486 15 7 35 3 75
August 20 240 6 5 25 3 30
September 20 252 0 0 0 0 0
October 20 313 8 5 25 3 40
November 20 293 5 4 20 2 25
December 20 302 3 3 15 1 15
Total 120 1886 37 24 20 2 31

Table 1: The calculated house; container and Breteau Index (HI; CI & BI) in study area during July-December 2019.
NB: WC= Wet Container; PWC= Positive Wet container; +ve= Positive house; HI= House Index; CI=Container Index; BI= Breteau

Index

Stegomyia Indices Based on Household Types
and Selected Wards of Study Area

Six types of houses (Multistoried buildings; independent
houses; construction sites; semi-pacca houses; vacant places
and slum houses.) were inspected during the study period.
A total of 37 houses (20%) were found positive for Aedes
larvae. The highest Bl were found in Multistoried buildings

followed by semi-pacca houses; multistoried buildings and
vacant places (2); independent houses (1) and construction
sites (0). The highest HI were found both in independent and
semi-pacca houses (28) followed by multistoried buildings
(25); slum houses (17); vacant places (8) and construction
site (0) (Table 2). In around five selected wards of study area;
the highest HI; CI & BI were found in ward no.30 (50; 4 &
67) followed by ward no.31 (42; 2 & 42). There is no Aedes

(48) followed by semi-pacca (33); slum houses (33); mosquitoes were found in ward no.32 (BI; CI; HI=0) (Table
independent houses (28); vacant places (8) and construction 3).
sites (0). However; the highest CI were found in slum (3)

House Type No.of House inspected | No.of WC | No.of PWC| No.of (+ve) House HI | CI | BI
Multistoried Building 48 950 23 12 25 2 48
Independent House 18 342 5 5 28 1 28
Semi-pacca House 18 256 6 5 28 2 33
Construction site 18 215 0 0 0 0

Vacant place 12 56 1 1 2
Slum House 6 67 2 1 17 3 33
Total 120 1886 37 24 20 2 31

Table 2: The house; container and Breteau Index calculated in various types of houses during the study period.
NB: WC= Wet Container; PWC= Positive Wet container; +ve= Positive house; HI= House Index; CI=Container Index; Bl= Breteau
Index

Ward No. No.of House inspected No. of WC No.of PWC No.of (+ve) House HI | CI | BI
29 6 80 1 1 17 1 17

30 18 281 12 9 50 4 67

31 12 201 5 42 2 42

32 18 225 0 0 0 0 0

33 66 1099 19 9 14 2 29
Total 120 1886 37 24 20 2 31

Table 3: The House; Container and Breteau Index calculated in different wards during July-December; 2019 in study area.
NB: WC= Wet Container; PWC= Positive Wet container; +ve= Positive house; HI= House Index; CI=Container Index; Bl= Breteau
Index
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Container Frequency; Positive Container

Frequency & Productivity

Atotal of 1886 wet containers were inspected and among
them container frequency were found highest in water tanks
(22%); followed by plastic mugs (15.85%); flower tub/trays
(15.54%); water jars (15.06%); plastic bottles (9.01%);
plastic drum (7.21%); plastic bucket (5.57%); money plants
tub (3.98%); glass bottles (2.97%); clay pots (1.86%); cement
pots (0.42%) and in earthen jars & tires (0.27%) (Table 4). A
total 13 type of different wet containers were found which
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was positive for Aedes larval abundance during surveillance
period; in which the highest positive container frequency
were found in plastic buckets (51.35%) followed by earthen
jars (18.92%); clay pots (13.51%); plastic bottles (10.81%);
tires (2.70%) and the rest of the other were found 0% for
positive container frequency as they were not infested with
Aedes larvae. In these positive containers there were about
a total of 1049 Aedes larvae were to be found or estimated
which showed a total of 3.53% of container productivity
based on breeding sources of Aedes larvae.

Container type MS IH SP CS VP SH Total Container Frequency
Water Tank 180 76 66 68 13 12 415 22
Cement pot 0 4 0 4 0 0 8 0.42

Clay pot 16 12 0 2 3 2 35 1.86
Glass bottle 28 15 10 3 0 0 56 2.97
Plastic bottle 91 18 25 19 6 11 170 9.01
Plastic mug 146 49 45 33 10 16 299 15.85
Plastic bucket 50 14 17 21 3 0 105 5.57
Plastic Drum 53 23 19 16 17 8 136 7.21
Money plants tub 51 10 9 4 0 1 75 3.98
Flower tub & tray 204 61 20 8 0 0 293 15.54
Tires 0 5 0 0 0 0 5 0.27
Water jar 131 54 44 37 4 14 284 15.06
Earthen jar 0 1 1 0 0 3 5 0.27
Total 950 342 256 215 56 67 1886 100

Table 4: The number and frequency of Aedes breeding wet container recorded in different types of houses during the study

period (July-December; 2019).

NB: MS= Multistoried buildings; IH= Independent House; SP= Semi-Pacca house; CS=Construction Site; VP=Vacant Places; SH=

Slum House
Container No. of Wet No. of Positive Wet Positive Container Number of Container
T : . Frequency Productivity
Container Container Larvae
type (%) (%)
Water Tank 415 0 0 0 0
Cement pot 8 0 0 0 0
Clay pot 35 5 13.51 163 3.07
Glass bottle 56 1 2.7 30 3.33
Plastic bottle 170 4 10.81 55 7.27
Plastic mug 299 0 0 0 0
Plastic bucket 105 19 51.35 647 2.94
Plastic Drum 136 0 0 0 0
Money plants tub 75 0 0 0 0
Flower tub & tray 293 0 0 0 0
Tires 5 1 2.7 30 3.33
Water jar 284 0 0 0 0
Earthen jar 5 7 18.92 124 5.65
Total 1886 37 100 1049 3.53

Table 5: Aedes positive container frequency and productivity found in the study areas during survey period (July-December; 2019).
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However; the highest container productivity were found
in plastic bottles (7.27%) followed by earthen jars (5.65%);
tires & glass bottles (3.33%); clay pots (3.07%); plastic
buckets (2.94%) and the rest of other containers were found
with 0% container productivity because they were not
infesting with Aedes larvae (Table 5).

Dengue Vector(S) Aedes Mosquito Species

Collected Aedes mosquito larvae were identified as
Aedes aegypti species which are the most known prominent
mosquito species for spreading dengue virus in human
population especially in urban areas just as like the selected
study area. We did not find any Ae. albopictus in our study.

Public Health Open Access

Association between Environmental Variables
and the Occurrence of Mosquito Larvae

The highest percentage of Aedes mosquito larvae (36.13%)
were found in July. But there is no significant relationship
has been found between these climatic parameters and the
percentages of Aedes larvae after calculating the overall
study during July to December; 2019. Pearson correlation
analysis had done to find out the connection between the
mosquito larval density and meteorological factors such as
mean temperature; relative humidity & lag rainfall. We did
not find any significant (p > 0.05) association of Aedes larval
density with the mean temperature (r = 0.34; p = 0.75);
relative humidity (r=0.23; p = 0.85) and lag rainfall (r = 0.24;
p = 0.82) (Figures 2-4).

value.

Figure 2: Pearson’s correlation co-efficient (R) of Aedes population (BI) with Mean Temperature (°C) and their significant (p)

Figure 3: Pearson’s correlation co-efficient (R) of Aedes population (BI) with Relative Humidity and their significant (p) value.
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Figure 4: Pearson’s correlation co-efficient (R) of Aedes population (BI) with Lag Rainfall and their significant (p) value.

Discussions

The present study recorded the highest HI; CI and BI
in July; likewise [21]. They found highest density of Aedes
mosquito species (Ae.Aegypti & Ae.albopictus) in Dhaka city
in July month. The present study also showed a moderate HI;
CI and BI in August; October and November month; whereas
it was very low in December month and was totally zero
in September month of 2019. Though in a previous study
showed the higher rates of Stegomyia indices such as HI;
CI & BI during monsoon seasons (July-October) in Dhaka;
Bangladesh [22-24]; but this study observed a different
situation in September month for the prevalence of dengue
mosquito species (Table 1). In excess of 100 thousand dengue
cases and 179 affirmed deaths in 2019 were noted by Health
Emergency Operation Center and Control Room; DGHS; in
Bangladesh. For this severe dengue transmission during
the July & August month in 2019; Government Republics of
Bangladesh has taken a national awareness program. For
that reason; the normal larval density has been reached a
lowest level during the month of September; 2019. But in
October; 2019 after reducing the influences of this disease
there was a moderate rate of HI; CI and BI which has been
found in present study followed by in November; 2019 also.
But for being dry season in December; 2019 the lowest
rates of HI; CI and BI was found (Table 1); correspondingly
in a previous study showed that during the dry season it
might be occurred due to the effects of lower environmental
temperature; very low rainfall; lower relative humidity;
which may cause the gradual decreases of mosquito larval
abundance [25,26]. In the case of Stegomyia indices (HI;
CI & BI) among the six selected different type of houses;
multistoried buildings were showed in the highest position
for the values of HI; CI and BI; while a previous study also
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indicated that multistoried buildings are highly infested with
Aedes mosquito larvae [12].

The present study has found a total of 13 types of wet
containers but among them Aedes larva were found in
only six types of positive wet containers. Though in these
six types of wet containers plastic bucket has showed the
highest container productivity. During this study water tank
and drums didn't show any productivity for Aedes larvae
(Table 4&5) although a previous study revealed that these
type of wet containers were also can be positive for larval
density of Aedes mosquitoes. Nevertheless; that previous
study predicted if the ugly or oftentimes cleaned containers
are present in enormous numbers; they may be indicated
as the possible breeding sources for a huge bit of the Aedes
populace. Our present analysis exposed that most common
productive containers for Aedes mosquito breeding sources
were plastic buckets which were found both as dry and
wet but mostly as uncleansed; just similar as that previous
prediction in which a dry or wet container could be positive
for Aedes breeding sources if they remained uncleansed [12].

The present study didn’t find any covered container
infested with Aedes larvae even if they were dried or wet.
Similarly a previous study in Rio de Janerio revealed that
open-mouthed and large containers are more suitable for
larval production rather than covered containers [27]. Size or
volume; exposure to daylight; presence oflessen; cover status;
and filling strategies for the containers were considered by
an earlier study to decide the container efficiency for Aedes
larvae and pupae; while the present study don’t have point
by point data for these container parameters [27,28]. There
is no any significant relationship has been found between the
climatic parameters and the percentages of Aedes larvae.
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A prior study stated that the population of dengue vector
mosquito species is extremely related to environmental
changes such as temperature; humidity and rainfall
[10,29,30]. The present study has also collected the climatic
variables related data in accordance with survey schedule
(July-December; 2019) from Bangladesh Meteorological
Department (BMD) and analyzed these climatic variables
with the estimated larvae number which was recorded
during surveillance. An earlier study indicated that the
successful hatching temperature for Ae.aegypti is above
179°C [31-33]. The present study was done when the mean
temperature of every month varied from 19 2C to 29 °C;
but during most of the time of this survey period (July-
November; 2019) the mean temperature was varied from 29
2C to 24 °C. So; this present study was done in those peak
hours when Aedes larval density is in a high condition mostly
in Dhaka city. The highest larval density of Aedes mosquitoes
was found in July month when the temperature was also
high than rest of the other months of the surveillance period
(Figure 2). A previous study also predicted that during the
monsoon surveys; mean temperature changed somewhere
in the range of 28 and 30°C [34].

Thelarval density of Aedes mosquitoes was found highest
in July; 2019 while the average relative humidity was also
higher than the other months of that year. The present study
also found the lowest larval density of Aedes mosquitoes in
December; 2019 while the average relative humidity was
also lower than the other months of this year (Figure 3). It
was expected by a past investigations that a higher relative
humidity is related to an increment in hatching of Aedes
eggs; which is stimulating the expanded wealth of youthful
mosquitoes [35,36]. Though the mean temperature and
relative humidity showed an effective relation in abundance
of Aedeslarvae in some of previous studies [10,29,30] and the
lag rainfall too; but our study couldn’t show any significant
relations between these climatic parameters with the larval
distribution of Aedes mosquitoes (Figure 3,4& 5); whereas a
previous study predicted that the most noteworthy rainfall
demonstrated the most noteworthy larval populace [16].
This study couldn’t show any significant relation between
larval density and lag rainfall but it agree that mean
temperature; humidity and lag rainfall does also matters for
the distribution and abundance of Aedes larvae as almost
all positive containers were found as wet or water holding
container and also found the seasonal variation among the
survey data of larval density from July-December; 2019.

Conclusion & Recommendations

The present study inspected and uncovered the degree
and elements of the abundance of Aedes mosquitoes
in various wards of Dhaka North City Corporation and
recognized the key containers liable for holding onto Aedes
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immatures. These containers are essentially created and
moved by the city tenants and produce sizeable populaces
of grown-up female mosquitoes which build the danger of
pathogen transmission. This precautionary information
about distributions and abundance about dengue vector(s)
species (Aedes sp.) had informed and alerted among those
residents which were selected during this study after found
the survey results. Appropriate use; removal and reusing
of the containers by the city dwellers are very necessary
to bring a controllable situation in Aedes mosquito species
breeding. Local area training with respect to the biology
of Aedes mosquitoes; the need to clean premises including
transforming/disposing of unused containers in suitable ways
is expected to expand the take-up of these straightforward yet
viable mediation methodologies. Since; the customary vector
lists are not solid indicators of dengue virus outbreaks; yearly
mosquito surveillance is important to acquire a superior
comprehension of how vector populations change after some
time and how this identifies with hazard of pathogens that
are communicated by Aedes mosquitoes in Bangladesh. The
present study results recommends that; regular cleaning of
water stockpiling containers and tires may diminish the Aedes
larval population significantly. Native area based instructive
projects expecting to prepare householders to utilize water
containers appropriately; like fixing of containers with
tops or nets; cleaning indoor water stockpiling containers
consistently; and disposing of unused containers; would be
an ideal intercession program to decrease the larval breeding
habitats. It is not possible to get an exact idea of the dengue
outbreak through a short-term Aedes mosquito survey. So;
this study suggests year-long mosquito surveillance program
to acquire more conception of dengue transmission and how
dengue vector(s) species abundance playing the role.
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