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Abstract

Background Increased global trade, while beneficial economically, can also increase the spread of vector-borne
diseases, particularly those transmitted by Aedes mosquitoes spreading via trade routes. Given the heightened trade-
induced activity at ports of entry, it is particularly crucial to assess the risk of mosquito-borne diseases in these set-
tings. This study compared the risks of Aedes-borne disease in and around the eastern Tanzanian seaport of Tanga.

Methods A 200 m x 200 m grid-based system was used to sample mosquitoes within the port area, and in surround-
ing areas at 2 km, 2.5 km, and 5 km away, between June and December 2023. We characterized mosquito breeding
habitats, collected mosquito larvae using standard dippers and tested susceptibility of raised adult Aedes aegypti
populations to different insecticides. Adult mosquitoes were collected using BG sentinel traps (daytime) and Centers
for Disease Control (CDC) light traps (night-time). Additionally, more than 200 port users and neighboring residents
were surveyed to assess their experiences with and perceptions of mosquito biting and disease risks.

Results There were 2931 breeding sites, with (60.8%, n=1782) positive for Aedes larvae. The percentage of water-
holding containers infested with Aedes immatures, i.e., the container index (Cl), was highest in the port area (66.2%),
and lowest 5 km away (44.6%). The port area also had a greater proportion of temporary breeding sites (64.9%)
than did the surrounding areas. The adult mosquito surveys revealed 20,449 mosquito species including: Culex
quinquefasciatus (56.2%), Mansonia uniformis (38.6%), Ae. aegypti (5.1%), Anopheles gambiae (0.1%), and Anoph-

eles funestus. Ae. aegypti were more abundant in the port area than in the surrounding areas (P<0.001), whereas
Culex sp., and Mansonia sp., were significantly outside (P <0.001). Adult Anopheles sp., were found only in the port
area, but Anopheles larvae were found both within and outside the port areas. Tests on Ae. aegypti sp., revealed
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susceptibility to bendiocarb and DDT, and resistance to permethrin. Awareness of mosquito-borne diseases

among respondents was high for malaria (64.8%), but low for dengue (26.3%) and Chikungunya (1.7%). Most respond-
ents reported being bothered by mosquitoes mostly at night (53.4%) or in the evening (40.7%). In addition to insecti-
cidal bednets, which are used primarily against malaria, preventive measures for Aedes-borne diseases are limited.

Conclusions This study identified significant potential risk of Aedes species, specifically Ae. aegypti sp., and associated
diseases, but low perception of risk and inadequate personal protection measures in the study area. This low percep-
tion of risk highlights the need to improve public knowledge of the transmission and control of Aedes-borne diseases.

Keywords Aedes aegypti, Mosquito-borne, Habitat characterization, Malaria, Insecticide susceptibility, Tanga port,

Tanzania

Background

In urban Africa, mosquito-borne diseases including den-
gue, chikungunya, and yellow fever are becoming a major
health issue [1]. In addition to malaria, which causes 250
million cases and more than 600,000 deaths annually [2],
the World Health Organization (WHO), has indicated
that global dengue incidence rates have also been surged
dramatically in recent years [3, 4]. The official WHO esti-
mates suggest that 390 million infections occur annu-
ally, of which 96 million manifest clinically, even though
only a very small proportion of these cases are officially
recorded and reported [5]. It has also been estimated
approximately 3.9 billion people across 128 countries are
at risk of dengue infection [6]. This extensive burden, the
multiplicity of mosquito-borne diseases—with half of the
world’s population at risk of two or more of the diseases
[7] and the close correlation with human factors such as
urbanization and trade [8, 9], all underscore the urgent
need for effective surveillance and control measures to
mitigate the impact of dengue, especially in vulnerable
regions.

In Tanzania, while the burden of malaria is closely
tracked by research groups and the Ministry of Health,
[10-12] the full burden of other mosquito-borne dis-
eases, notably Aedes-borne diseases is largely unknown,
except for isolated research activities and reviews. For
example, while dengue fever is known to occur in Tan-
zania in all four serotypes alongside Chikungunya and
potentially other Aedes-borne diseases [13, 14], the over-
all burden of dengue in the whole country remains uncer-
tain. One previous review indicated that seroprevalence
estimates range from 11% to 50.6% [15], and that rates
can be particularly high among patients presenting them-
selves with fever to health facilities. Despite repeated
outbreaks in recent years, comprehensive data on the epi-
demiology of dengue or the ecology of its vector species
are very limited, although there is a growing interest in
Aedes studies in the country [16—19]. This gap in knowl-
edge is particularly concerning given the potential for
dengue outbreaks to exacerbate public health challenges

in a country already burdened by other mosquito-borne
diseases such as malaria. Moreover, ecological, environ-
mental and climate change concerns such as excessive
temperature and frequent flooding [20], as well as poor
waste management and uncontrolled water storage prac-
tices in urban areas [21, 22], will likely increase the bur-
den and potentially disrupt health services. Indeed, it is
now estimated that with warming climate, the dengue
vector mosquitoes are expected to survive these warmer
temperatures better than malaria vectors are expected to
survive [23], meaning that Africa might see significant
increases in Aedes-borne diseases as a direct result of cli-
mate change.

The ecology of Aedes mosquitoes is indeed intricately
linked to urban environments, where they thrive in a
variety of habitats especially human-made containers
[24]. Aedes aegypti, the primary vector for dengue, chi-
kungunya, and Zika, prefers to breed in artificial con-
tainers such as discarded vehicle tires, plastic containers,
flowerpots, and water storage tanks [25], commonly
abundant in urban settings. Like other container-breed-
ing mosquito species, Ae. aegypti can thrive almost
independently of rainfall seasons, as they exploit water
sources that are continuously available in human com-
munities. This ability allows them to maintain their pop-
ulation densities year-round, and therefore presents a
persistent risk of disease transmission. Despite the clear
importance of understanding Aedes ecology for public
health, surveys and studies on these mosquitoes remain
limited in Tanzania, even in large cities and small towns.

Global travel, trade, and urbanization are key drivers
of the spread of vector-borne diseases [26], with ports
playing a critical role in the dissemination of mosquito
vectors such as Ae. aegypti, Ae. albopictus [27-29], and
Culex species [30]. These vectors often establish them-
selves in port areas, where invasions tend to be higher
due to abundant breeding habitats [31-33]. Ports along
the Indian Ocean are particularly vulnerable, with recent
invasions of Anopheles stephensi [34], Ae. albopictus, and
re-invasions of Ae. aegypti being documented [35-38].
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The WHO recommends vector surveillance at ports to
keep mosquito densities below national thresholds in
line with the International Health Regulations (IHR)
[39], but many sub-Saharan African countries, includ-
ing Tanzania, face challenges such as inadequate surveil-
lance infrastructure [40]. A 2019 dengue outbreak along
Kenya’s coast, linked to the DENV-3 serotype from Paki-
stan, demonstrates the risks posed by global travel [41],
while studies in Tanzania indicate a serotype shift from
DENV-3 to DENV-1 between 2017 and 2019, increasing
the risk of severe symptoms due to antibody-dependent
enhancement [42]. Surveys also show widespread trans-
mission of all four dengue serotypes and chikungunya
inland [43], highlighting the need for comprehensive vec-
tor surveillance in ports.

It is also widely recognized that community aware-
ness and preparedness play a crucial role in the control
and prevention of mosquito-borne diseases. In Tanzania,
it is often assumed that there is already a high degree of
awareness of dengue and other mosquito-borne diseases
among communities due to extensive public health cam-
paigns and education efforts [44]. However, knowledge
about Aedes-borne diseases, such as dengue, chikun-
gunya, and yellow fever, has not been adequately inves-
tigated. Yet insufficient knowledge poses a significant
challenge for effective disease control, as communi-
ties may not take the necessary precautions to protect
themselves from Aedes mosquitoes. Enhancing public
awareness about Aedes-borne diseases and improving
community preparedness through targeted education
and outreach programs are essential steps in mitigat-
ing the risks posed by these diseases. This is particularly
important in port areas, where the influx of travelers and
goods increases the potential for disease spread.

The objective of this current study was to assess and
compare the risks of disease-transmitting mosquitoes
within the eastern Tanzanian seaport of Tanga and its
surrounding urban areas along the Indian Ocean focus-
ing especially on Ae. aegypti mosquitoes. We sought to
establish the mosquito species composition, abundance,
insecticide resistance status and their aquatic breeding
preferences; and to use this information to evaluate and
address the risks of mosquito-borne infections at this
critical point of entry. Additionally, we assessed the per-
ceptions of port users and residents of the surrounding
urban areas to understand how such perceptions might
inform effective control strategies including social and
behaviour change communication strategies.

Methods
Study area
The study was conducted in the northeastern Tanzanian
port city of Tanga (Fig. 1). The central location was the
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Tanga seaport, with additional sampling in eight sur-
rounding wards within the Tanga City Council: Central
(5° 04" 19.26” S, 39° 06" 06.59” E), Chumbageni (5° 04
14.66” S, 39° 05" 21.30” E), Kiomoni (5° 03" 13.24” S, 38°
56’ 57.24” E), Mzizima (5° 02" 51.26” S, 39° 02" 37.72” E),
Nguvumali (5° 04" 40.80” S, 39° 04 39.87” E), Mnyan-
jani (5° 05" 56.22” S, 39° 07" 13.79” E), Ngamiani Kusini
(5° 05" 00.42” S, 39° 06" 06.14” E), and Magaoni (5° 06
12.49” S, 39° 06" 07.06” E). Tanga District is a border dis-
trict in the north-eastern part of Tanzania. It is bordered
by the Mkinga District Council to the north, the Indian
Ocean to the east, Muheza District to the south and
west, and the country of Kenya to the north. The district
seat is the city of Tanga, which also serves as the admin-
istrative and economic center of the region, major eco-
nomic activities in this area including business, industrial
activities, tourism, fishing and agriculture. According to
the 2022 census, Tanga District had a total population
of just fewer than 400,000 people and some ~100,000
households.

The Tanga seaport is the second largest international
point of entry in Tanzania. It was the focal point of the
study, and is located in the Central ward, which has an
area of ~3.8 km? and an altitude of 10 m above sea level.
All sampling sites across all the 8 wards located within
5 km of the port area (Fig. 1).

Sampling design and site selection

A cross-sectional entomological survey was conducted
between June and December 2023 (the dry season). The
reference sampling was within the Tanga seaport in the
Central ward (within 500 m of the seaport) but additional
surveys were conducted at purposively selected sites
2.5 km and 5 km away from the port along three main
roads: Pangani, Segera, and Mombasa Road, to under-
stand mosquito distribution across the study area and
expansion away from the port. An extra comparison site
was selected 2 km south of the port area in the Mnyan-
jani ward. All the sites were located in the Tanga City
Council (Fig. 1).

Sampling was conducted using a 200m X200 m grid-
based system created in ArcGIS 11.1 environment
(ESRI, USA), following the methodology used in a pre-
vious Aedes survey by Kahamba et al. [16]. Preference
was given to grids with human habitation and a total of
23 grids used for the sampling. Each grid was assigned a
unique identifier (grid ID) consisting of letters and num-
bers, with letters representing longitudes and numbers
representing latitudes (e.g., A1, A2). The randomization
and grid selection procedures were consistent across all
locations. An initial survey of the study area was con-
ducted with the assistance of volunteer community
resource persons. During the survey, features conducive
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Fig. 1 Map of study areas, showing the port area and surrounding wards. Map of the study area contains information from OpenStreetMap
contributors, available under the Open Database License. https://help.openstreetmap.org/questions/83255/how-do-i-cite-osm-in-an-acade

mic-paper

to mosquito breeding, such as water wells, drains, con-
tainers, pots, flowerpots, tins, waste collection points,
discarded tires, and drums, were identified. The coordi-
nates of these features were recorded using a handheld
GPS (Magellan eXplorist GC, USA). In the central refer-
ence area around the Tanga seaport, all the grids within
a 500 m buffer zone were selected but no data were col-
lected inside the shipping vessels.

Sampling of adult mosquitoes

Adult mosquitoes were collected using two types of traps:
BG-Sentinel traps or Aedes species, and Centers for Dis-
ease Control (CDC) light traps for Anopheles mosquitoes
and culicines.

Five CDC light traps were deployed indoors in selected
bedrooms within each grid at night. The traps were set
from 18:00 PM to 6:00 AM for six consecutive days
before being moved to the next grid in a random fashion.
Mosquitoes were retrieved daily from 7:00 AM to 10:00
AM. The retrieved mosquitoes were sorted and identi-
fied using taxonomic keys, then preserved in Eppendorf®
tubes with silica gel. Concurrently, the BG-Sentinel
traps, which were used for outdoor and day-time collec-
tions, were positioned in shaded areas in strategic loca-
tions near waste collection points, houses, garages, night

clubs, and other areas considered to have high mosquito
activity zones, and the traps were supplemented with BG
lure and molasses mixed with yeast to increase mosquito
attraction. Each grid had four traps operating from 6:00
AM to 18:00 PM the following morning for six consecu-
tive days. Mosquitoes were retrieved from the traps daily
from 18:00 PM to 19:00 PM, sorted, and identified using
a dissecting microscope and taxonomic keys as described
above.

For each collection, either by CDC light traps or
BG Sentinel Traps, the additional metadata recorded
included the grid ID, date, distance from port area, GPS
location, and house number. After the samples were
sorted, all Anopheles and Aedes species mosquitoes were
sent to Ifakara Health Institute for further analysis.

Sampling of immature mosquitoes and characterization

of their aquatic habitats

Surveys for immature mosquitoes and characterization
of breeding habitats were conducted in all selected grids
where adult mosquito trapping was being conducted. The
search for mosquito larvae focused on various natural
and human-made water-holding objects, including used
tires, surface drains, wells, discarded containers, animal
feeding containers, flowerpots, and buckets. Additional
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habitats such as tree holes (holes on tree stems), dis-
carded boots, plant leaves, and other small objects that
could hold water for more than three days were also
examined. Breeding sites with all mosquito larvae or
pupae were geo-referenced using handheld GPS devices.
The breeding sites were further characterized by assess-
ing the habitat type, location (i.e., present inside the
houses or building or outdoors), algae quantity, water
color, presence of vegetation, water movement, water
source, habitat mobility, and the surrounding environ-
mental and social activities. All information was recorded
on breeding site characterization forms.

To collect the mosquito (larvae and pupae) we used a
350 ml dipper or a smaller 70 ml dipper for smaller habi-
tats as adopted from Claudia [45]. The collected larvae
and pupae were placed in white trays for morphological
identification using pictorial keys [46—48]. The immature
mosquitoes were sorted, counted, and data recorded by
habitat type, location, and date.

Rearing of Aedes Aegypti larvae for susceptibility testing
After the mosquito larvae were collected in the field,
the mosquito species were separated such that only
mosquitoes belonging to Aedes species were only select-
edAedes larvae were reared to adulthood for suscepti-
bility testing to establish resistance profiles. Collected
immatures were maintained to the adult stage using
water from their known breeding habitats mixed with
tap water in plastic containers. For rearing, the imma-
tures were placed in labeled basins and were fed with
Tetramine® baby fish food. The water was changed
every three days to facilitate growth. The rearing was
conducted at 26 °C+2 °C and 82% + 10% relative humid-
ity. Pupae were collected daily, counted, and transferred
to 30 cm X 30 cm X 30 cm net cages. Emerged adults were
fed with 10% glucose and identified morphologically
using identification keys [49].

Testing for susceptibility status of Aedes aegypti

to insecticides

The susceptibility tests were conducted according to the
WHO guidelines for Anopheles mosquitoes [50] since we
did not have access to appropriate insecticide-impreg-
nated papers for use on Ae. aegypti. Adult female Ae.
aegypti were obtained from the rearing cages to be used
for these tests after 3—5 days. The mosquitoes were
tested against commonly used insecticides, including
pyrethroids (deltamethrin at 0.05% and 0.5% doses and
permethrin at 0.75% and 3.75%), an organophosphate
(pirimiphos-methyl at 0.25% and 1.25% doses), an organ-
ochlorine (DDT 4%), and carbamates (bendiocarb 0.5%
and 1%). The higher doses for pyrethroid insecticides
were included so as to test the intensity of resistance.
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In each bioassay experiment, 120 mosquitoes were dis-
tributed into six holding tubes, with 20 mosquitoes per
tube. Four tubes were exposed to the test insecticide, and
two tubes were served as controls. Mosquitoes in the
control tubes were exposed to untreated filter papers,
whereas those in the treatment tubes were exposed to fil-
ter papers impregnated with the respective doses of the
candidate insecticides. The test and control mosquitoes
were observed for 60 min. After this, the mosquitoes
were transferred back to holding tubes, provided with
10% glucose solution, and then maintained for a day at
28 °C+1 °C and 80%+10% relative humidity. Mortal-
ity was assessed 24-h post-exposure in both the control
and treatment arms. A mosquito was considered alive if
it could fly, regardless of the number of legs remaining; or
dead if they were immobile, unable to stand or take off or
obviously moribund.

Survey of the opinions and perceptions of port users

and residents of neighboring wards

To complete the entomological surveys, a comprehensive
quantitative survey was conducted to gauge the opinions
and perceptions of port users and residents of the neigh-
boring wards regarding Aedes mosquito-related risks and
disease transmission at entry point and in their areas
of residence. We deployed the survey via the Kobo Col-
lect toolkit programmed in PC tablets and used a struc-
tured questionnaire for the interviews. All participants
were recruited voluntarily and were all aged 18 years and
above. They included locals, port workers, office staff,
entrepreneurs, passengers, drivers, security guards, mar-
ket vendors, and fishermen, representing diverse groups
across the study areas.

Recruitment was performed by visiting workplaces and
homes and participants were recruited and surveyed to
understand their views on mosquito-related risks at the
points of entry. A total of 236 participants voluntarily
consented and were recruited. The structured question-
naire assessed key issues such as (i) knowledge of diseases
transmitted by mosquitoes in the Tanga port area and
surrounding wards, (ii) opinions on groups at greater risk
of infection, (iii) mosquito biting experiences, and (iv)
personal protection methods used against Aedes mos-
quito bites. Responses were analyzed to identify trends
on the basis of occupational status and education levels,
providing valuable insights into community awareness
and preparedness regarding mosquito-borne diseases.

Statistical analysis and presentation

Analysis of the quantitative data was conducted using
open-source software, R version 3.6.2 [51], and Arc-
GIS [52]. The data were initially entered into MS Excel
and then exported to R in a csv format for cleaning and
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coding. Initially, a descriptive analysis was performed,
where we calculated the abundance and distribution of
mosquitoes (both adult and immature stages) across
sampling locations. A generalized linear model (GLM)
with Poisson variate was then employed to determine the
associations of mosquito larvae in breeding habitats with
habitat characteristics such as water color and move-
ment, the presence of vegetation, and whether the habitat
was natural or artificial included as the main predictors.
Another GLM with a negative binomial distribution was
used to assess the relative comparison of mosquito abun-
dance between sampling areas, trap types, and indoor-
outdoor settings at the point of entry, with the grid ID as
a random variable to identify significant factors.

To assess the Aedes insecticide resistance profile,
mosquito populations were classified as susceptible if
the mortality rate was greater than 98%, suggestive or
unconfirmed resistance that need further investigation
if between 90 and 98%, and resistant if less than 90%
[50]. All the visualization and spatial analyses was per-
formed in the GIS Environment using QGIS software
to analyze mosquito species diversity, abundance, and
distribution by interpolation techniques. The environ-
mental data, such as the number of mosquitoes per spe-
cies, location of collection, and grid ID, trap type, were
extracted and compared with Cx. quinquefasciatus, Ma.
uniformis and Ae. aegypti abundance. Hotspot analysis
using inverse distance weighted (IDW) interpolation was
used to identify grids with high mosquito abundance,
which were statistically significant and crucial for target-
ing control measures. IDW was chosen as interpolation
method since it estimates cell values by averaging the
values of sample data points in the neighborhood of each
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processing cell. The data were interpolated by means of
IDW and transformed from vector into raster.

Lastly, the questionnaire data from the survey of port
users and residents were analyzed using descriptive sta-
tistics to summarize the participants’ knowledge, opin-
ions, and practices regarding mosquito-related risks and
disease transmission.

Results

Diversity and abundance of adult mosquitoes in the port
area and surrounding wards

A total of 20,449 mosquitoes were collected between
June and December 2023 (Table 1). Among these: 56.2%,
n=11,488 were identified as Culex quinquefasciatus,
38.7%, n=7919 as Mansonia uniformis, 5.1%, n=1042
as Aedes Aegypti, 0.1%, n=16 as An. gambiae s.., and
0.0%, n=3 as An. funestus s.l. Outdoor collections using
BG sentinel traps accounted for 53.8%, n=11,028, of
the total, while indoor collections using CDC light traps
comprised 46.1%, n=9421.

Most of Ae. aegypti mosquitoes were collected out-
doors (97.8%, n=1019) on the other hand, half of the Cx.
quinquefasciatus (58.9%, n=6769) were outdoors. Full
summaries are found in Table 1. The highest abundances
of Aedes mosquitoes collected outdoor were observed
in the port area, with populations significantly declin-
ing in surrounding areas. Outdoor bite of Aedes Aegypti
was much lower at 2 km (z=-4.47, p<0.001), 2.5 km
(z=— 3.84, p<0.001) and 5 km (z=- 4.45, p<0.001)
distance compared with the port area (0 km), as seen in
Table 1, with non-linear trends relative to port area. A
total of 37 blood-fed Ae. aegypti were obtained from port

Table 1 Mean number of mosquitoes caught at different distances from the port area using the CDC light traps (placed indoors for
nighttime collections) and the BG sentinel taps (placed outdoors for daytime collections)

Species Distance (km)  CDC light traps (indoors) BG sentinel traps (outdoors)
from port Total  Mean [95% CI]* RR [95% Cl] Pvalues Total Mean [95% CIJ* RR [95% Cl] p values
Culex quinquefasciatus O (port area) 1932 8.99[7.10,11.37] 1 1938 5.63[4.72,6.73] 1
2 856 14.27[9.17,22.20] 1.59[0.96,262] 0.070 1035 10.78[7.75,1500] 1.91[1.32,2.79] <0.0001
25 1279 9.84([7.27,1331] 1.10[0.751.61] 0.643 2,234 10.74[858,13.44] 191[1.43,254] <0.0001
5 652  5.02[3.69,6.82] 0.56[0.38,0.82] <0.01 1,562 7.511[5.99,942] 1.33[1.00,1.78] <0.05
Aedes aegypti 0 (port area) 14 0.065[0.04,0.12] 1 682 1.98 [1.49, 2.64] 1
2 0 0 NA 41 04310.23,0.78] 0.22[0.11,042] <0.0001
25 6 0.046 [0.02,0.11]  0.71[0.24,2.06] 0526 160  0.77[052,1.14] 0.39[0.24,0.63] <0.0001
5 3 0.023[0.01,0.08] 0.35[0.09,1.34] 0.127 136 0.65[0.44,097] 0.33[0.20,0.54] <0.0001
Mansonia uniformis 0 (port area) 1129 5.25([3.45,7.99] 1 1411 01[2.98, 5.65] 1
2 1 0.02[0.002,0.14]  0.01[0.00,0.03] <0.0001 14 0.451[0.07,0.32] 0.04[0.02,0.08] <0.0001
25 2,179 16.76[9.81,2864] 3.19[1.62,630] <0.0001 1231 592[3.93,891] 14410.86,243] 0.167
5 1,370 10.54[6.16,1802] 200[1.02,397] <0.05 584 11[1.87,4.25] 0.66[041,1.16] 0.155

RR, relative risk; Cl, confidence interval
* Predicted means from Generalized Linear Model
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area and 2 at 5 km while none were captured at 2 and
2.5 km distance from the port.

For Cx. quinquefasciatus, the indoor bite was lower at
2 km (z=1.81, p=0.07), 5 km (z=-2.96, p<0.01) dis-
tance compared to the port area (0 km), though bites
were the same at 2.5 km (z=1.81, p=0.643), as seen in
Table 1. Outdoor bite of Cx. quinquefasciatus was found
to be lower at 2 km (z=3.39, p<0.001) and 5 km (z=1.96,
p<0.05), but higher at 2.5 km (z=4.42, p<0.001) com-
pared with the port area (Table 1).

For Ma. uniformis very low indoor collection was
found at 2 km (z=-5.24, p<0.01) and higher collections
at 2.5 km (z=3.34, p<0.001) and 5 km (z=2.00, p <0.05)
compared with the port area (Table 1). On the other
hand, lower catches were observed at 2 km (z=-7.64,
p<0.001) while similar catches were observed at 2.5 km
(z=1.38, p=0.167) and 5 km (z=-1.42, p=0.155) com-
pared with port area for outdoor.

Spatial distribution of adult Aedes mosquitoes

The distribution of adult Aedes mosquitoes varied
across the surveyed administrative wards. The results

Aedes aegypti

Chumbageni

Culex quinquefasciatus
. e
TN

Chumbageni

R Mag.aonl 1 2km
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from interpolation techniques by inverse distance
weighted (IDW) interpolation of a point vector layer
revealed a higher density of Aedes mosquitoes in the
port area located in the Central ward, indicating these
as hotspots. Conversely, areas such as Mnyanjani (2 km
from the port), and Magaoni and Kiomoni (5 km from
the port) were identified as having lower densities of
Aedes mosquitoes as shown in Fig. 2.

Diversity and abundance of immature stages and their
aquatic habitats in the port area and surrounding wards
The larval searches and habitat characterization activi-
ties identified immature stages of Anopheles, Culex,
and Aedes mosquitoes in several habitats across the
study area. Out of 2934 sampled mosquitoes, 60.7%
were Aedes, 39.1% were Culex, and 0.1% were Anoph-
eles (Table 2). High densities of Aedes immatures were
found in Central ward within the port area (68.3%), fol-
lowed by Nguvumali ward (11.9%), with the lowest den-
sity in Kiomoni ward (1.1%). Notably, Anopheles larvae
were only detected in Magaoni ward. Culex larvae were

Mansonia uniformis

Fig. 2 Comparison of mosquito catches in the port area and the surrounding area

Table 2 Sampled populations of Aedes, Anopheles and Culex larvae

Wards Aedes Culex Anopheles Total
N (%) N (%) N (%) N (%)
Central (location of port) 1,21,768.3 69,4604 00 1911
Chumbageni 13274 776.7 00 209
Kiomoni 2011 8473 00 104
Magaoni 5229 2824 4100 84
Mnyanjani 6939 363.1 00 105
Mzizima 3218 564.9 00 88
Ng/Kusini 472.6 262.3 00 73
Nguvumali 21,2119 14,8129 00 360
Total 1781 (60.7%) 1149 (39.1%) 4 (0.1%) 2934 (100%)

N, number of larvae collected, and %, percentage of larvae by ward surveyed
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most prevalent in Central ward (60.4%), followed by
Nguvumali (12.9%).

Larval indices—for Aedes mosquitoes

A total of 2931 breeding sites were identified in 416
households. Of these, 60.8% (1,781/2,931) were posi-
tive for Aedes immatures stages. Various indices were
calculated, including the container index (CI), house
index (HI), and Breteaux index (BI). The highest CI val-
ues were observed in the port area (66.2%), 2.5 km away
(51.5%), and 5 km away (44.6%). For the HI, the high-
est values were at 5 km (61.5%) and 2 km (60%) from
the port, while the port area had the lowest HI (44%).
Lastly, the highest BI values were found at 2 km (45.7%)

Table 3 Summary of Ae. aegyptilarval survey indices
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and 5 km (30.3%) from the port, with the port area hav-
ing the lowest BI (7.7%), as shown in Table 3.

Container Index (CI), ratio of larval infested containers
to total inspected containers; house index (HI), ratio of
larval infested houses to all inspected houses; Breteaux
index (BI), ratio of positive containers per 100 houses
inspected

Habitat characterization

During the habitat search for Aedes mosquitoes, the
breeding sites were characterized on the basis of physi-
cal parameters such as algal quantity, water source,
watercolor, water movement, water type, and vegeta-
tion quantity (Table 4). A total of 2931 breeding sites

Name of area No. of premises No. of positive House index (HI) No. of containers  No. of positive Container Breteaux
premises surveyed containers index (Cl) index
(BI)
Port area 150 66 44 1748 1158 66.2 7.7
2 km away 35 21 60 195 16 8.2 457
2.5 km away 122 66 541 68 35 51.5 289
5 km away 109 67 615 74 33 44.6 303

Table 4 Physical characteristics of the Aedes mosquitoes’ breeding habitats identified in the study area

Parameter Category Positive, n (%) Negative, n (%) Total
Habitat type Disposed containers* 1158 (55.5) 927 (44.5) 2085
Coconut shell 12 (100) 0 12
Surface drains 15(39.5) 23 (60.5) 38
Flowerpots 100 (75.8) 32(24.2) 132
Tires 496 (74.8) 168 (25.2) 664
Algae quantity None 360 (57.4) 267 (42.6) 627
Moderate 372 (65.1) 199 (34.9) 571
Scarce 1033 (60.8) 665 (39.2) 1698
Abundant 16 (47.1) 18(52.9) 34
Water source Domestic 252 (62.2) 153 (37.8) 405
Rainwater 1529 (60.6) 996 (39.4) 2525
Water color Clear 1242 (62.9) 7.1) 1973
Polluted 539 (56.3) (43 7) 957
Water movement Stagnant 1777 (61.1) 1134 (38.9) 2911
Slow 4(21.1) 15 (78.9) 19
Water type Permanent 530(52.8) 473 (47.2) 1003
Temporary 1251 (64.9) 676 (35.1) 1927
Vegetation quantity None 452 (51.9) 9(48.1) 871
Moderate 696 (66.9) 345 (33.1) 1041
Scarce 454 (61.1) 289 (38.9) 743
Abundant 79 (65.1) 96 (34.9) 275
Total 1781 1150 2931

(*): The disposed containers included plastic drums, buckets, tins, plastic barrels, basins, metal drums, jerrycans, and tanks
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were identified, of which 22.7%, 664/2931, were used
tires, 71.1%, 2085/2931, were containers (both plastic
and metal), 1.3%, 38/2931, were surface drains, 4.5%,
132/2931, were flowerpots, and 0.4%, 12/2931, was coco-
nut shells. The majority of positive breeding habitats for
Aedes mosquitoes had clear water (62.9%, 1,242/1973),
moderate vegetation (66.9%, 696/1041), water resulting
from rainfall (60.9%, 1529/2525), scarce algal quantity
(60.8%, 1033/1698), and stagnant water (61%, 1777/2911).
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The different habitat types of Aedes mosquitoes observed
in the study area are shown in Fig. S1 and Fig. S2.

Association between habitat characteristics and mosquito
densities

Disposed containers were the primary habitat for both
Aedes and Culex mosquitoes, with a high number of
mosquitoes collected (65.6%; n=1158). Overall, the like-
lihood of capturing Aedes mosquitoes in disposed tires

Table 5 Mean number of mosquitoes collected in different habitat types (and 95% Cl)

Habitat characteristics Total Mean + 2SE* RR [95% (1] p values
Aedes spp. Habitat type Disposed containers 1158 43410 1

Coconut shell 12 24+12 9[06,24] =0.846

Surface drains 15 12+0.8 804, 1.6] =0528

Flowerpots 100 30+12 3[0.9,20] =0.187

Tires 496 7.1£21 81[2.1,3.6] <0.001
Algae quantity None 360 13.0+59 1

Moderate 372 30+£09 0.6[04,0.9] <0.05

Scarce 1033 45+10 0.7 [0.4,1.0] <0.05

Abundant 16 32426 061[0.2,1.7] =0.348
Water source Domestic 252 3.1+£08 1

Rainwater 1529 5010 0.81[06,1.1] =0.156
Water color Clear 1242 51+10 1

Turbid 539 3713 0.7 [0.6,0.9] <0.01
Water type Permanent or semi-permanent 530 23.0+80 1

Temporary 1251 34+05 0.1[0.1,0.2] <0.001
Vegetation quantity None 452 146+58 1

Moderate 696 36+06 1.1[0.8,1.6] =0.638

Scarce 454 3715 1.110.6,2.0] =0.746

Abundant 179 42+22 091[06,1.3] =0414

Culex spp. Habitat type Disposed containers 927 35408 1

Coconut shell 0 0 0.0[0.0,0.0] 0.999

Surface drains 23 18406 08104,1.7] 0.591

Flowerpots 32 1.0+06 0.5[0.3,0.8] <0.01

Tires 167 24+10 1.110.8,1.4] 0.629
Algae quantity None 267 95+50 1

Moderate 199 16+03 0.5[0.3,09] <0.05

Scarce 665 29+0.7 0.7[04,1.0] =0.067

Abundant 18 3.6+20 1.6 [0.6,4.5] =0.401
Water source Domestic 153 1.9£0.7 1

Rainwater 996 32+07 13[1.0,1.8] =0.064
Water color Clear 731 30+038 1

Turbid 418 29+10 1.301.1,1.7] <0.05
Water type Permanent or semi-permanent 473 20.6£5.5 1

Temporary 676 19+03 0.2[0.1,0.2] <0.001
Vegetation quantity None 419 13.5£50 1

Moderate 345 1.8+03 0.61[04,1.1] =0.057

Scarce 289 24+09 0.6[04,1.0] <0.05

Abundant 96 22+05 0.61[04,1.1] =0.095

*2SE; Refers to two standard errors
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was about three times higher compared to disposed
containers (z=7.401, p<0.001, Table 5). Aedes species
also preferred habitats with scarce algae level (z=1.77,
p<0.05), turbid/polluted water (z=-2.66, p<0.01), and
temporary aquatic habitats (z=—-9.120, p<0.001, Table 5)
with slow moving water (z=— 3.35, p<0.01).

For the Culex mosquitoes, the likelihood of captur-
ing Culex species in flower pots was 0.5 times lower
compared with disposed containers (z=-2.96, p<0.01,
Table 5). Similarly, Culex species prefer moderate amount
of algae (z=-2.55, p<0.05, Table 5). Similar to Aedes,
the Culex species also prefer temporary aquatic habi-
tats (z=-8.50, p<0.001, Table 5) with polluted water
(z=2.05, p<0.05, Table 5). A full detailed summary is
found in Table 5.

Susceptibility of Aedes aegypti mosquitoes to public health
insecticides

Susceptibility tests for female Ae. aegypti mosquitoes
aged 3-5 days were conducted against five insecticides
at various concentrations, including permethrin (0.75%,
3.75%), deltamethrin (0.05%, 0.5%), pirimiphos-methyl
(0.25%, 1.25%), DDT (4%), and bendiocarb (0.5%, 1%).
At 24 h post-exposure, the average mortality rates for
Ae. aegypti exposed against bendiocarb (1%) and DDT
(4%) were 98.8% and 100%, respectively, indicating full
susceptibility. The average mortalities associated with
pirimiphos-methyl (0.25%) and deltamethrin (0.05%)
were 94.4%, 93.8%, respectively, suggesting possible or
unconfirmed resistance. Increasing the dose of deltame-
thrin to 0.5% increased the 24-h mortality to 96.3%, sug-
gesting that even at this dose the mosquitoes were still

Permethrin (0.75%)

Permethrin (3.75%)

Deltamethrin (0.05%)

Deltamethrin (0.5%)

Pirimiphos-methyl (0.25%)

Insecticide

Pirimiphos-methyl (1.25%)

Bendiocarb (0.5%)

Bendiocarb (1%)

DDT
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slightly resistant. Tests against permethrin showed aver-
age mortality rates of 73.8% and 88.8%, indicating clearly
confirmed resistance even at the five times higher dose of
3.75%. In contrast, the Ae. aegypti mosquitoes were fully
susceptible to DDT and bendiocarb (Fig. 3).

Awareness and perceptions of the risk of Aedes-borne
diseases

Demographic characteristics of survey respondents

A total of 236 respondents participated in the survey
within the port area and the nearby community (Table 6).
Among the participants, 58.1%, n=137, were male and
41.9%, n=99, were female. The majority had a secondary
level of education (47.0%, n=111), with the age interval
ranging from 36-45 years (36.4%, n=286). Primary eco-
nomic activities among respondents were self-employ-
ment including entrepreneurship (73.3%, n=173), formal
employment including government employee (21.2%,
n=50), fishing (3.0%, n="7), unemployed (1.7%, n=4),
and other were farmers (0.8%, n=2).

Awareness, perception, and experience of mosquito-borne
diseases among residents of Tanga seaport

The survey results revealed that approximately two thirds
of the respondent reported that only female mosqui-
toes bite humans and transmit diseases (69.8%, n=134)
while about one third reported that both sexes of mos-
quito bite human and transmit diseases (27.6%, n=53).
Overall, about two-third (64.8%, n=153) of all respond-
ents were aware of mosquitoes transmitting only malaria,
and less than one third (26.3%, n=62) were aware that

0 10 20 30

a0 50 60 70 80 90 _ 100
Average Mortality (%)

Fig. 3 Results of the susceptibility tests for female Ae. aegypti mosquitoes showing mean mortality after 24 h of monitoring post-exposure
to the candidate insecticides. The dotted green lines (> 98% mortality) indicate full susceptibility, while the dotted blue lines (90-98% mortality)
indicate possible resistance or unconfirmed resistance requiring confirmation
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Table 6 Characteristics of study respondents at Tanga point of
entry (N=236)

Category Variable n (%)

Sex Female 99 (41.9)
Male 137 (58.1)

Occupation Self-employed 173(73.3)
Fisherman 7(3.0)
Public services (health and other 50 (21.2)
workers)
Farmer 2(0.8)
Unemployed 4(1.7)

Age 16-25 45(19.1)
26-35 84 (35.6)
36-45 86 (364)
46-55 20 (8.5)
56 and above 1(0.4)

Education level [lliterate 3(1.3)
Primary 47 (19.9)
Secondary 111 (47.0)
University 75(31.8)

Marital status Married 131 (55.5)
Unmarried 104 (44.1)
Widow 1(04)

mosquitoes also transmit dengue fever viruses. Chikun-
gunya is far less recognized and was identified as a mos-
quito-borne disease by only 1.7%, n =4, of respondents.

Approximately 97.9%, n=231, of the respondents per-
ceived that there is a risk of contracting mosquito-borne
diseases or infections at the seaport where only 2.1%,
n=>5, respondents reported no perceived risk. Addition-
ally, about two thirds of all respondents reported that
workers at the port are perceived to be at greatest risk of
mosquito-borne infections (61.4%, n=145) followed by
community living nearby port area (28%, n=67), indicat-
ing that people who reside around the seaport area, have
highest perception of risk than those living away from the
seaport area. Lastly, the majority of the survey respond-
ents reported being bothered by mosquito bites at night
(53.4%, n=126) and in the evening (40.7%, n=96). Other
than insecticide treated nets (ITNs), which were widely
used for malaria prevention, only a smalls percentage of
respondents reported using other interventions against
mosquito-borne diseases, these other interventions
included the use of long clothing (19.1%, n=45), topical
repellents (12.3%, n=29), and swatting with bare hands
(11.9%, n=28) as shown in Table 7.
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Discussion

Most studies on arbovirus vectors in Africa have been
reactive to outbreaks or focused on large urban popula-
tions, neglecting high-risk areas such as international
points of entry, which can be hotspots for mosquito-
borne viruses [53—-57]. Despite being of significant eco-
nomic value, international shipping activities at ports
can facilitate the migration of vectors, and can pose sig-
nificant threats in the absence of effective surveillance
systems [26]. For this reason, strengthening the basic
entomological surveillance systems at all major interna-
tional points of entry has been recommended both by
the IHR [58] and Tanzania’s National Strategy for Vec-
tor Control (2019-2024) [40]. The aim of this study was
therefore to compare the risks of disease-transmitting
mosquitoes, with a focus on Aedes mosquitoes within
and in the surrounding urban areas of the eastern Tan-
zanian seaport of Tanga along the Indian Ocean. To com-
plement these entomological surveys, we also assessed
the knowledge and perceptions of port users and resi-
dents of surrounding wards regarding the risk and con-
trol of mosquito-borne infections in the area.

The entomological study identified five mosquito spe-
cies: An. gambiae s.l., An. funestus, Ae. aegypti, Cx.
quinquefasciatus, and Mansonia uniformis. The high
abundance of Ae. aegypti in the port area suggests it is
a hotspot for this species, which is consistent with find-
ings from other studies in Mumbai International Seaport
(India) and the port of Abidjan [31, 59]. The presence of
discarded tires and containers likely contributes to this
high density. While most Aedes mosquitoes were caught
in outdoor BG sentinel traps during the day, indicating
significant outdoor biting activity, Culex species were
commonly found both indoors and outdoors. Notably, the
low numbers of Anopheles mosquitoes in the port area
aligned with their ecological preference for rural areas
and limited breeding opportunities in urban settings of
Tanga as evidenced in previous studies in which malaria
vectors, including An. funestus, preferred to breed along
rivers with slow-moving clear waters and emergent veg-
etation by Nambunga et al. (2020) [60] and swamps or
large drain by Sattler et al. (2005) in Dar es salaam [61],
resulting in low levels of malaria transmission. Overall,
the findings of this study highlight the significant pres-
ence and distribution of key disease-transmitting mos-
quitoes, particularly Ae. aegypti, within the Tanga port
area and its surrounding wards. The high composition of
Ae. aegypti in the present study correspond with the find-
ings of survey studies in urban regions of (Dar es Salaam,
Coast, Tanga and Arusha) by Philbert et al. (2020), where
the composition was dominated by Aedes genera despite
the use of traps different from those used in the present
study [62].
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Table 7 Awareness, perception, and experience of mosquito-borne diseases among residents of Tanga seaport

Question asked Variables n (%)

Do you know the sex of mosquito that bite human? Yes 192 (81.4)
No 44 (18.6)

Which sex of mosquito biting human? Female 134 (69.8)
Male 5(0.6)
Both sexes 53(27.6)

Which diseases you know are transmitted by mosquitoes? Malaria 153 (64.8)
Chikungunya 4(1.7)
Dengue 62 (26.3)
Malaria, dengue, chikungunya, and others 17 (7.2)

Is there any risk of contracting mosquito-borne diseases or infections while at seaport? Yes 231(97.9)
No 521

Which group is at greater risk of mosquito-borne infection in seaport? All people 4(1.7)
Nearby community 67 (28.4)
Fishers 2(0.8)
Passengers/travelers 13(5.5)
Undecided 52.1)
Workers at port 145 (61.4)

Time at which mosquito bite more while at seaport Evening 96 (40.70
Morning 5.1
All the time 7(3)
Night 126 (534)
Noon 2(0.8)

Personal protection methods used against mosquito biting at seaport Swatting 28(11.9)
Nothing 134 (56.8)
Use of long clothing 45(19.1)
Use of repellents 29(12.3)

The Aedes species preferred breeding in discarded
tires and containers, such as water buckets and drums,
which is consistent with findings from earlier studies of
deendayal seaport, kandla, gujarat in india, and the state
of Maranhao in Brazil [63, 64]. These elevated densities
underscore the importance of ports as critical points
for mosquito surveillance and control to address the
risk of diseases such as dengue, chikungunya, and Zika.
Field data from both the port and its surrounding wards
clearly revealed that, indeed, Ae. aegypti populations
decreased with increasing distance from the port, con-
firming that the port area is likely a hotspot, potentially
because of factors such as stagnant water in containers
and increased human activity during the day.

Interestingly, while malaria remains the most recog-
nized mosquito-borne disease among the respondents,
awareness of dengue and other Aedes-transmitted dis-
eases is considerably lower than in the study conducted
in Pwani in 2019, where the majority seemed to be aware
of dengue fever virus (DFV) [65], the raised awareness
about DFV influenced by the major outbreak of dengue
occurred in Dar es salaam in 2019 [66].

Malaria is indeed also a significant public health
problem in Tanzania though the risk in these urban
settings is lower. The latest survey showed that malaria
prevalence in Tanga was 4% [11], and in this survey, we
found only a negligible number of Anopheles mosqui-
toes in the survey. According to the latest Demographic
Health and Malaria Indicator Survey (TDHS and MIS
2022), household bed net use in Tanga was 84.2%, the
percentage of children who had fevers in the preceding
2 weeks was 8.5%, and the overall malaria prevalence
in children was 4% [11]. It is understandable why com-
munities continue with an emphasis on malaria but the
neglect of Aedes-borne diseases is particularly concern-
ing given the rising global incidence of dengue and the
presence of Ae. aegypti in the region [35, 38, 54, 62, 67].
The limited use of personal protective measures against
Aedes mosquitoes, as indicated by our survey, further
exacerbates the risk of Aedes-borne diseases. Other
than bed nets, which protect people mostly at night-
time, the majority of respondents did not use any form
of protection against day-biting mosquito bites such as
Ae. aegypti, with only a small fraction using methods
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such as long clothing or repellents. This highlights the
urgent need for public health education campaigns to
improve awareness and encourage the adoption of pro-
tective measures against Aedes mosquitoes (day-biters)
among port users and surrounding communities.

Susceptibility tests showed that Ae. aegypti were sus-
ceptible to Bendiocarb, but full susceptibility to DDT
was observed, consistent with previous research in Ifa-
kara, Tanzania [16]. However, reduced susceptibility to
deltamethrin was detected consistent, which is consist-
ent with the findings of a previous study in Dar Es salaam
[68], indicating possible resistance. The potential resist-
ance to deltamethrin in our study may have resulted
from repeated chemical use in the area. Additionally, Ae.
aegypti showed reduced susceptibility to pirimiphos-
methyl, contradicting recent studies in Ifakara [16] and
Nigeria [69], which reported full susceptibility. These
differences might be due to either ecological differences
or seasonal variations. Furthermore, the present study
confirmed the resistance of Ae. aegypti to permethrin,
similar to the findings of a previous study in Dar Es
salaam [68], one of the most common pyrethroids used
in both agriculture and public health in the area. Over-
all, these investigations show that the available chemical
options are increasingly limited and that greater vigilance
is required. These tests should therefore be periodically
repeated, preferably using more standardized tests with
protocols designed specifically for Ae. aegypti mosqui-
toes as recommended by the WHO [70] to best deter-
mine the range of options for control.

This study also revealed significant gaps in knowledge
among port users and neighboring residents regarding
mosquito-borne diseases. While most participants were
aware that malaria is a major public health problem, very
small proportions, consisting predominantly of people
with tertiary education were aware of other mosquito
borne diseases such as dengue and chikungunya viruses.
This is a common phenomenon in malaria-endemic
areas, where awareness of mosquito bites and their role
in malaria transmission is commonly found to be rela-
tive high, whereas knowledge about arboviral diseases
transmitted by Aedes mosquitoes is notably limited [71].
For instance, in one study in the Central African Repub-
lic, most respondents identified malaria as the sole mos-
quito-borne disease despite evidence of dengue and other
mosquito-borne diseases in circulation [72]. However, as
these arboviruses become more significant public health
challenges, greater efforts, including social and behavior
change communication strategies should be adopted to
improve community knowledge of the disease prevention
and their control management.

In the assessment of community perceptions regarding
groups at risk, a significant proportion of respondents
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acknowledged that port users and nearby communities
are at risk of mosquito bites and infections, even though
they did not distinguish between the different diseases.
Moreover, people working at the port were considered to
be at greater risk than the rest of the communities. The
respondents also reported frequent mosquito bites, espe-
cially in the evening and at night, highlighting their expo-
sure. This study aligns with previous research indicating
that behavioral responses to infection risk are shaped by
perceived exposure and bite frequency [73]. Despite rec-
ognizing their vulnerability, respondents showed poor
adoption of personal protection measures. This mis-
match of risk perception and self-protection was a sur-
prise as previous studies have shown a direct correlation
of these variables-people with high awareness being cor-
related with higher engagement in protective behaviors
[74].

Although the main objectives were successfully
achieved, this study had some limitations. First, the
limited number of Aedes traps used for collecting adult
mosquitoes may not have captured the full distribution
effectively. Second, larvae and pupae collections were
restricted to selected grids with human occupations or
buildings, potentially leading to an underestimation of
overall densities and distribution. Additionally, in the
tests for insecticide susceptibility, WHO standard doses
for Anopheles mosquitoes were used due to the lack of
appropriate papers for testing Aedes mosquitoes. How-
ever, some of these insecticides, such as pirimiphos
methyl, permethrin, and deltamethrin, already have
diagnostic concentrations specific for Aedes mosquitoes,
whereas other insecticides have different diagnostic con-
centrations specific for Aedes mosquitoes, which if used,
might have yielded different results.

Conclusions

This study highlights the significant risk of Ae. aegypti
and associated diseases within the Tanga port area,
emphasizing the critical role of ports in the surveillance
and control of mosquito-borne diseases, particularly
those transmitted by Aedes mosquitoes. Despite the
community being more concerned with malaria, aware-
ness of other mosquito-borne diseases remains lim-
ited and should be increased given the observed risk.
High abundance of Ae. aegypti in the port area, espe-
cially in discarded tires and containers, underscores
the need for targeted interventions and more broadly,
environmental sanitation to reduce the risk. Insecticide
susceptibility tests revealed full susceptibility to ben-
diocarb and DDT but emerging resistance to pirimi-
phos-methyl and deltamethrin, suggesting that options
for effective control may be limited; therefore, there is
a need to for diversified control strategies. The study
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also revealed that the central port area, compared with
other sites, is likely a hotspot for mosquito breeding,
with Aedes populations decreasing with distance from
the port. Since this study was the first dedicated mos-
quito survey to target this international point of entry,
the results will form a basis for future research on path-
ogen transmission and control programs. The identifi-
cation of key breeding habitats offers potential targets
for Aedes control, emphasizing the need for integrated
vector management involving community engagement,
environmental management, and periodic insecticide
rotation. The key recommendations are as follows: a)
authorities should integrate environmental manage-
ment, insecticide use, and community engagement
to address discarded habitats; b) port health authori-
ties should implement robust Aedes mosquito con-
trol measures to prevent potential outbreaks; c) future
insecticide susceptibility studies should incorporate
specific guidelines and appropriate concentrations for
Aedes mosquitoes; d) port workers and nearby commu-
nities should be educated on mosquito control and pre-
vention; and e) year-round studies should be conducted
to understand seasonal variations in mosquito densities
and resistance profiles. In conclusion, this study iden-
tified a relatively high potential risk of Ae. aegypti and
associated diseases, but a low perception of risk and
inadequate personal protection measures in the study
area. This low perception of risk highlights the need to
improve public knowledge of the transmission and con-
trol of Aedes-borne diseases.
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