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Abstract: With global expansion of vector borne diseases, dengue has emerged as
a big health crisis and social problem in recent years in Bangladesh. Despite its
endemicity since 2000, very few studies were conducted outside of the Capital
Dhaka city regarding vector breeding status. Within this dark situation, the year
2019 reported the ever highest number of dengue cases of 101,354. Of them about
50% were from out of Dhaka. To reduce this burden, keeping the vector
population density under threshold level is must. In the present entomological
study, 100 houses were checked randomly from five areas of Gazipur City
Corporation (GCC) during the month of September in 2019. Both of the Aedes
vectors were found in all areas, but Aedes aegypti population was dominant.
Rooftop garden and under construction site were identified as the most important
vector breeding sites. Highly urbanized area (SA2) produced the highest and
suburban area (SA4) produced the lowest Breteau Index (BI) of 110 and 15
respectively. The overall House Index (HI) and Breteau Index (BI) of the study
areas were 16 and 49 respectively. Four kinds of containers, namely; cemented
tank, drum, big earthen pot (chari) and buckets contained about 80 percent of
immature Aedes and identified as key container among the positive containers.
The Said study has identified comparatively higher number of Ae. aegypti
breeding, which is potential for triggering any major outbreak. Further, large-scale
surveillance in all administrative wards with a larger sample may indicate the real

picture of vector infestation situation throughout the municipality.
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INTRODUCTION

Aedes mosquitoes are recognized vector of many arboviruses in tropical and
subtropical countries like Bangladesh. Out of all the species under genera
Aedes, Aedes aegypti and Ae. albopictus are mainly liable for causing
chikungunya, dengue and zika in South Asian region.
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About 400 million dengue infections occur all over the world annually, of which
70% cases are from Asia (Bhatt et al. 2013). This threat is increasing day by day
as seen in the previous years. This rate has increased more than 30-folds during
last 5 decades (Bhatt et al. 2013). Hence, around half of the world’s population
is at risk.

Currently, Aedes-borne diseases have become a burning health issue in
Bangladesh from municipality to district and Thana headquarters. Dengue was
known as Dacca fever in Dhaka city corporation area (DCC) during its first
report in 1964 (Aziz et al. 1967). In 2000 Bangladesh experienced its first
epidemic of dengue after more than three decades of sporadic transmission.
Then 5551 cases were reported with 93 casualties (Rahman et al. 2002). After
that a significant number of dengue cases are reported in a regular basis
(Mahmood and Mahmood 2011, Farhana et al. 2014) including the ever-highest
number of 101,354 cases in 2019 (DGHS 2020). All four serotypes and their
different genotypes of dengue viruses are circulating here (Aziz et al. 2002,
Yunus et al. 2002, Muraduzzaman et al. 2018, Shirin et al. 2019). Sporadic
cases of chikungunya fever were also being reported from the capital city, its
suburbs and some remote areas since 2008 (Chowdhury et al 2012). Zika
patients were also identified in 2016. However, this aberrant situation is
increasing day by day with the spreading of the cases into new areas with
expanding its vector mosquito throughout the country round the year (DGHS
2020).

Within two Aedine species, Ae. aegypti was widely known principal vector of
dengue, breeds in urban domestic environments. Its population increases and
spreads due to quick urbanization, rapid human population growth, population
migration, ongoing development work, erratic weather with longer wet season,
poor urban infrastructure with unreliable water supply, increasing volume of
solid wastes including discarded containers that make suitable larval habitats in
urban, sub-urban and even some rural areas (Dieng et al. 2012, Saifur et al.
2013). The secondary vector, Ae. albopictus mosquito was known as Asian tiger
mosquito. Earlier, it was abundant in the suburban and rural environment
throughout the country. But in the current environmental situation with high
human population density has impacted on its behavior and habitats. Therefore,
this species might be replaced with its counterpart in many areas as seen in
other countries (Hawley 1988).

The availability or circulation of multiple genotypes and serotypes of dengue
virus, abundance of vector mosquito population and different environmental
factors determine the severity of dengue. As a relatively new city corporation
(11th out of twelve municipalities in Bangladesh formed in 2016), Gazipur City
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Corporation (GCC) does not have an update data on its vector mosquito
population and their habitats. A small-scale sporadic study was conducted since
2014-2017 and primarily reported the presence of Ae. aegypti in few locations of
GCC (Saifur et al. 2016). Since the distribution of vector types and abundances
depend on the advancement of urbanization and industrialization, GCC has
much developed in this regard in the recent years, which might have created
many areas in different administrative wards suitable for vector breeding that is
undiscovered till to date. Due to its geographical (northern border of the capital
city Dhaka) and commercial importance to the national economy, its population
is rapidly increasing without ensuring social securities and facilities.
Additionally, huge gathering and movement of multiple ethnic population due to
having numerous educational institutions including national and international
universities, internationally reputed research institutions and garments
business hub have accelerated urbanization process and poses a threat to
spread different disease-causing viruses with the presence of proper carrier and
vectors. To understand the real picture related to the vector-borne diseases in
GCC’s urban and suburban areas, the continuous study is essential, which can
help to take early steps regarding its management.

Therefore, the current study was conducted to provide some basic
information regarding the occurrence and distribution of Aedes vector
mosquitoes and their key breeding habitats in GCC. This will encourage the City
Corporation authority to take necessary steps to combat the vector population in
an organized way by setting proper surveillance and integrated vector
management programs.

MATERIAL AND METHODS

Study Area: Vector breeding situation of Aedes mosquitoes in five areas of GCC
viz. Tongi Bazar (SA1), College gate are (SA2), Gazipura are (SA3), Borobari (SA4)
and Board Bazar are (SAS) were studied during the month of September, 2019.
The Gazipur city corporation is within an area of 329.53 square kilometer. It is
the largest and 11th city corporation of Bangladesh. The North end of Dhaka,
the capital city of Bangladesh is bordered with this city. It is rapidly
industrialized and highly populated with more than 3.5 million inhabitants. Due
to small- and large-scale industries from different sectors majoring growing
garment industries, the population is increasing rapidly in this city from
neighbouring districts. To give them shelter, an unplanned urbanization is
speeding up. A lot of slum type residences without proper sanitation support
and water supply system as well as a number of moderate to multi-storied
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buildings are giving shelter to the city dwellers in this mostly plain land. Day by
day the marshy and vegetative areas are decreasing rapidly with increasing
unplanned establishment. A new trend of launching roof top gardens is also
increasing on multistor buildings nowadays. There is no water supply system.
So dwellers use underground water. The following five areas (Figure 1) with
urban and semi urban natures of the municipality were selected for the present
study.

Entomological study: The immature stages of Aedes species were carried out
in 5 different areas of GCC as described above in 2019. The samples were
collected from twenty randomly selected houses in each study area once in the
month of September (considered as dengue peak season and the end month of
monsoon in Bangladesh). Indoor and outdoor containers and water holding
pockets were checked for the presence of Aedes mosquitoes adopting others
(Ahmed et al. 2007, Saifur et al. 2013). The content of mosquito immature
positive containers was collected and poured into plastic containers. The
containers were properly labeled with date of collection, area code, house
identification code and container code. Large water holding containers i.e. wells,
water tanks, artificial ponds, etc. were sampled for two to five minutes using fish
net (Richards 2005).

}
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Figure 1. Dengue vector 4edes surveillance area’(SA) in Gazipur City Corporation (GCC)

The samples were carried to the laboratory of National University, Gazipur.
Identification of larval samples were done by using compound microscope up to
species level according to the standard keys (Tinker and Stojanovich 1962, Slaff
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and Apperson 1989). The pupal population were reared into adults at a 26+2°C
of room temperature, 76+5% of RH and 12:12 h of photoperiod. Then they were
identified under microscope (Tanaka et al. 1979). The dead pupae were identified
according to Harrison (2005). The total number of immature were counted and
recorded against the container and area codes. Then a database was made with
all necessary information for subsequent statistical analyses.

Data collection and analysis: The data of immature holding containers were
recorded separately. The water holding containers were considered as wet
container (WC) and wet containers having with immature Aedes mosquito were
positive containers (PC). Area-wise House Indicex or HI (percentage of houses
with immature Aedes PC) and Breteau Indicex or BI (number of PC per 100
houses). Collected data were analyzed using JASP version 0.12.2.0. Spearman’s
correlation test was used to determine the significant relation among the
productivity of different positive containers. t-test identified relations between
two types of positive key containers.

RESULTS AND DISCUSSION

Dengue vector status in different study area: One hundred houses from five
study sites were sampled for Aedes immature. Among them 16 houses were
found to breed dengue vector mosquitoes, which produced an overall HI and BI
of 16 and 49 respectively. All study sites harbored Aedes immature and
produced variable indices. The highest indices were HI 25 and BI 110 in SA2
followed by SAS, SA1, SA3 and SA4. Immature Ae. aegypti were predominant in
all areas. It was the sole agent in urbanized areas (SAl, SA2 and SAS5), whereas
Ae. albopictus was found to breed in relatively lower urbanized areas (SA3 and
SA4). The immature Aedes indices in all areas were much higher than the
standard risk level of both HI and BI of 5 (Table 1). The present indices of the
vector mosquitoes in all study sites at the end of the monsoon period profoundly
prove their higher density and wide distribution.

Table 1. The immature Aedes density in different study areas

Study No of Houses No. of Aedes No. of Vector
Area Containers Indices Immature Species
Checked Positive = Wet  Positive  HI BI

SA1l 20 3 20 8 15 40 3337 Ae. aegypti
SA2 20 5 37 22 25 110 9332 Ae. aegypti
SA3 20 2 14 4 10 20 817 Both

SA4 20 2 10 3 10 15 235 Both

SAS 20 4 18 12 20 60 3220 Ae. aegypti

Total 100 16 99 49 16 49 16941

Both: Ae. aegypti and Ae. albopictus
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Vector breeding habitat: In the present small-scale study, fifty percent wet
containers were found to be positive, among them only four containers
contained Ae. albopictus immature others contained Ae. aegypti (Fig. 2A). No
container contained mixed population. All Ae. albopictus immature holding
containers were found at both, outdoors and rooftops. Instead, breeding of Ae.
aegypti mosquitoes were observed in all locations (Fig. 2B). This widens
distribution of this vector mosquito in all study areas suggest its wider breeding
and adaptation nature.
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Fig. 2. Positive container situation in GCC. A. Ratio of positive containers containing different
dengue vectors; B. Positive container abundance in different locations of study areas.

There were Six types of positive containers found in study areas. The maximum
number of PCs was found in SA2 followed by SAS5, SA1, SA3 and SA4 (Table 1).
Among the positive containers two types of containers produced the maximum
(75-86%) immature Aedes in each area. Therefore, they are considered the key
containers of that specific area (Table 2). Overall four containers, namely;
cemented tank, drum, earthen pot and bucket are promising key container.

Table 2. Different positive containers in the study area

Name of PCs Placing of PCs Study Key Containers % of Total Species
Area Immature

Earthen Pot Rooftop (RT) SAl Drum, Bucket 75 Ae. aegypti

Cemented Indoor (IN) SA2 Earthen Pot, 86 Ae. aegypti

Tank Cemented Tank

Drum IN/Outdoor

Buckets Indoor SA3 Cemented Tank, 79 Ae. aegypti

Drum
Roof gutter IN/Outdoor SA4 Drum, Bucket 77 Ae. aegypti
Flower vase IN/Outdoor/RT SAS Cemented Tank, 82 Ae. aegypti

Bucket
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Fig. 3. Earthen pots on rooftop gardening with immature Ae. Aegypti

Key containers: Mainly four types of container namely, cemented tank or
water reservoir, drum, big earthen pot (chari) and buckets singly or together
with other three types of containers contained about 80 percent of immature
Aedes. Therefore, they are potential breeding containers or key containers in the
present study areas. But among these four types of container, cemented tank
and drum produced the highest number of individuals (t=1.326, P=0.277). Other
containers singly harbored significantly lower numbers of immature (Table 4),
but they were numerous than the first two kinds of containers. All containers in
different study sites contained heterogeneous stages of immature Aedes that
suggested these sites are continuous breeding sites of the dengue vector
mosquitoes (Table 3). Among the key containers, the earthen pots were used for
rooftop gardening (Fig. 3) and cemented tanks were found mainly in under
construction houses as well as rooftop fish culture. Both of the places were
prolific vector breeding place due to the inattentiveness of household owners
and construction authority.

Table 3. Mosquito immature productivity of key containers in GCC

Name of No. of No of +ve Aedes Immature Species
+ve immature container (% of  Qnd 3rd 4t Pupae

container imma/container) [nstar Instar Instar
Cemented 4378 4 (8) Ae. aegypti
Tank 1691 1370 1104 213
Drum 3515 4(6.25) 987 1305 1045 178 Ae. aegypti
Buckets 587 10 (0.4) 112 207 177 91 Ae. aegypti
Earthen Pot 5367 25 (1.5) 1209 2218 1720 220 Ae. aegypti

Total 13847 3999 5100 4046 702
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Table 4. Statistical analysis among different key containers

Paired Samples T-Test

t df P
Cemented Tank - Drum 1.326 3 0.277
Cemented Tank - Bucket 3.307 3 0.045
Cemented Tank - earthen Pot 3.21 3 0.049
Drum - Bucket 3.509 3 0.039
Drum - earthen Pot 3.735 3 0.033
Bucket - earthen Pot -2.697 3 0.074

MNote. Student's t-test.

DISCUSSION

The current study has identified high density of Aedes aegypti in urban and
sub-urban areas of GCC. In addition sub-urban areas produce some Ae.
albopictus mosquitoes. In a previous study, one of the present urban sites (SAS)
reported both, Ae. aegypti and Ae. albopictus mosquitoes (Saifur et al. 2016).
Then no dengue cases were reported from this municipality. During the present
study a total of 101,354 patients were reported all over the country, where 49
percent were from out of Dhaka. Of them, among Dhaka division, about 18.7%
cases were from GCC (DGHS 2020, Somokal 2019). This information indicates
the positive relationship of the present dengue vector density and reported
dengue cases. Previously GCC did not maintain any record of dengue cases as
well as its vector density. But, so far dengue vector mosquito was present there.
It is like as DCC, where dengue was reported earlier in 1964 but continuous
outbreak started from 2000 (Aziz et al. 1967, Yunus 2000, Rahman et al. 2002,
Mahmood and Mahmood 2011, Farhana et al 2014). In GCC, though we
conducted a small scale study but it is clear that the dengue vectors are
available here and the principal dengue vector Ae. aegypti is increasing with the
progress of urbanization. The same feature is observed all over the world
regarding the vector distribution and spread of dengue cases.

In this latest study the highest HI and BI was identified as 25 and 110
respectively though overall indices were a bit lower, which was a HI of 16 and a
BI of 49. All these indices are higher than the expected threshold level of Aedes
population. Earlier, comparatively higher HI and BI of 5 would be considered as
the threshold level (Connor et al. 1923, Soper 1967, Brown 1977), but since the
late 1990s, much lower indices of around lof both HI and BI is considered as
dangerous for DENV transmission in many countries (Pontes et al. 2000, Chang
et al. 2015). We need to achieve these lowest indices of vector population to
reduce our Aedes-borne disease burden.
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In case of the population of secondary dengue vector, the Asian tiger
mosquito Ae. albopictus, which is decreasing gradually in the urban areas
compared with the earlier study in 2016 (Saifur et al. 2016) and the present
study in suburban areas. Among five-study areas, three urbanized areas were
free from this vector mosquito. Even no container was observed with mixed
breeding. Recently the same picture was seen in different areas of Dhaka south
city corporation (Saifur and Chowdhury 2020). During the dengue outbreak in
2000, a lot of Ae. albopictus immature were found in different areas of DCC
(Ahmed et al. 2007). But, in a recent study conducted by us (unpublished data),
we found all areas majoring Ae. albopictus have been shifted or replaced by Ae.
aegypti. This kind of invasion is seen in different Southeast Asian countries
(Iwamura et al 2020, Lwande et al 2020). It also indicates the early
introduction of Ae. aegypti in these areas, which was not identified in the GCC
areas earlier in absence of continuous monitoring and surveillance.

The present work was conducted at the end of rainy season, in the month of
September, but a good number of wet and positive containers were found. From
this observation it can be assumed that in the earlier months of the monsoon
produced more mosquito population that caused more infections. This
statement can be justified with the total number of dengue cases in the country.
The month of August generated a total of 51,734 cases all over the country and
the month of September produced 17,758 cases (nearly 30% of August). It is
parallel with the past record of Bangladesh, here maximum Aedes borne cases
were recorded during July to September or the monsoon period (Chowdhury et
al. 2012, Ahmed et al. 2007). In recent years this tradition is changing with
global climate change and higher population density. The year 2019 produced
dengue case round the year with the lowest number of 17 cases in March. It
shows the permanency of dengue cases at least in DCC. From this scenario, it
can be suggested that monitoring of Aedes population should be in continuous
manner by an expert authority or organization through an effective surveillance
system and operate management program according to that observation. This
action should be taken for all administrative areas as the case and vector
population is spreading and increasing in newer areas of both urban and rural
sites. Otherwise, it will be a big challenge for us to manage vector borne
diseases.

Our month-long study in 100 households identified major four types of
potential breeding containers known as key containers. They were cemented
tanks, drums, earthen pots and buckets. The cemented tanks were mostly found
in under construction sites for curing purposes and market places for having
baths. Somewhere it was on the rooftop for birds feeding, fish culture or water
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storage purposes. When they were not properly maintained and water was not
changed on a weekly basis, they became potential Aedes breeding
sources. Drums and buckets were found available in all kinds of houses,
markets, under construction sites and in some restaurants. The earthen pots
were mainly found on rooftops for gardening purposes in the present study. The
above four types of containers are also common in our different cities and
localities, which was reported in previous different entomological studies
including capital city Dhaka (Ferdousi et al. 2015). In a previous study in one of
the present study areas; construction sites, roof gutter and outdoor
miscellaneous containers were reported as Aedes breeding source (Saifur et al.
2016). But the present study observed some new containers as key breeding
sites. So, large scale study is essential to accurately identify the key vector
breeding sites in GCC and make aware the inhabitants about them and their
management techniques. As a new city corporation, GCC is operating
multifaceted construction work under multiple development funds. In addition,
as urbanization is progressing, so a continuous construction work is running,
which may produce a lot of breeding sites of different types and vector
population may become upsurge as DCC. Though, types of vector breeding sites
vary according to the lifestyle of the inhabitants of an area, locality or country
(Saifur et al. 2012). These similarities and dissimilarities in different tropical and
sub-tropical countries also were observed in different studies (Lee 1991, Maciel-
de-Freitas et al. 2007, Garelli et al. 2011).

To combat this present rising situation, GCC needs an organized integrated
vector management system, which is completely absent meanwhile it is a new
municipality. But it is the time to format this organization under expert
entomologist, which is absent all of our municipalities even in the whole
country. During this present epidemic situation, GCC operated an unorganized
some small scale sporadic fogging activities with pyrethroid insecticides from
October to December 2019, which might be ineffective due to its wrong
application procedure. They applied in very limited places during the midday
without considering air speed, sunlight or following any proper guideline. This
situation may help in growing insecticide resistance problem.

Moreover, public awareness regarding vector biology, its habitat in GCC,
identifying key containers, their proper management techniques, knowledge
about the easiest management system is essential to know the city dwellers. The
effective public health products should register here and make some mosquito
immature control products available to the counter for public purchasing and
applying. Knowledge regarding integrated vector management by general people
would be very helpful in this regard. Moreover, appointing mosquito workers
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under different administrative Wards and equipped them with modern
technology and techniques by proper training is necessary in different
municipalities and even in district levels to manage the upcoming threats all
over the country. The construction companies should have strict agreement with
the land owners, companies, agencies and government to take necessary
measures to reduce vector population and breeding habitats during their
construction period. Since, till to date, there is no tetravalent vaccine or
complete solution for dengue suppression, vector management through source
reduction is the best identified practice mainly in new developing cities as well
as developing countries, which should strictly follow by the authority to avoid
further upsurge from this health panic.

Furthermore, as the main cities of Bangladesh are experiencing dengue
problem in a continuous manner since 2000 and the vector mosquitoes are
spreading from the city center to its periphery (Farhana et al. 2014, Khan and
Akmed 1986, Ali et al. 2003). As a bordering city with the capital, GCC has a
possibility to expand its vector population faster than any other new city. So, the
Ministry of Local Government, the authorizing ministry of municipalities and the
Health ministry should instruct GCC to take steps earlier to manage its vector
mosquitoes. GCC authority and related organizations should conduct intensive
and continuous entomological study and take proper action to manage this vital
vector insect. They should follow a systematic procedure considering the
universal and combined strategy by providing primary warning for forthcoming
epidemics highlights functional surveillance system, public awareness and
applying effective vector control techniques.
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