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risk of transmission of the diseases especially around the point of entry of
goods such as ports is not well known in Ghana. This study investigated the

mosquitoes from this study were collected using human landing catches, ovi-

traps and larval collections for a period of six months. A total of 1092 con-
Received: April 2, 2018 tainers were inspected in both seasons and of these, 237 (21.7%) were positive
Accepted: February 8, 2022 for mosquito larvae or pupae in rainy season while 181 (16.6%) were positive
Published: February 11, 2022 in dry season. A total of 6498 mosquitoes were collected and identified mor-
phologically using taxonomic keys. 6038 (92.9%) were Aedes aegypti, 337
(5.2%) were Culex spp. and 123 (1.9%) were Anopheles gambiae. The Ae. ae-
gypti larvae were found breeding in a series of water-holding containers
which included disposed plastic containers, earthenware pots, car tyres, plas-

tic barrels, plastic basins, buckets, metal drums, jerrycans and poly tank. A
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high proportion of Aedes aegypti eggs were found in the ovitraps during the
rainy season than in the dry season in the study sites. Ae. aegypti was the most
common mosquitoes biting mostly outdoors (65.6%) with more bites occur-
ring in the rainy season (63.6%) in the two residential sites (Tema Commu-
nity One and Tema New Town). The risk of transmission of viral haemorr-
hagic fever in the study sites was assessed using House Index, Container In-
dex, Breteau Index and was found to be higher in Tema New town area with
seasonal variations within the sites. The man-vector contact rates for the two
residential sites were also found to be higher in rainy season than the dry
season. These observations indicate that the risk of transmission of viral
haemorrhagic fevers in the study areas is high especially in the rainy season.
The implications of the findings in the formulation of future vector control
programmes around the port areas in the country are discussed in the paper.
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1. Introduction

Aedes mosquitoes (Diptera: Culicidae) are known to occur in the tropics and
subtropics although currently, they have been established in all parts of the world
with the exception of Antarctica [1] [2] thus allowing the entry and epidemics of
viruses into new populations of susceptible human hosts. Various species in this
genus are found in different parts of the world with distribution into new geo-
graphical limits made possible by international trade and various human activities.
This is the case with Aedes albopictus which is a zoophilic Southeast Asian spe-
cies currently introduced into various countries via importation of dormant or
inactive viable eggs in fairly used tyres [3] [4]. Aedes mosquitoes have been re-
ported to breed in various sites which include discarded cans, earthenware pots,
tree holes, rock pools, crab burrows, car tyres, etc.

Some species in this genus transmit arthropod-borne viruses of public health
importance including dengue fever, yellow fever, rift valley fever, Venezuelan
equine encephalitis, Japanese encephalitis, zika, la Crosse viruses and chikun-
gunya [5] [6] which negatively impact the economy of many countries. Human
activity such as international shipping of goods has been known to expand the
distribution of Aedes aegypti and Ae. albopictus [7]. It is also known that the
spread of the container-breeding species Ae. albopictus and Ae. aegypti beyond
their native range has been facilitated by the trade of goods, significantly in used
tyres and machinery through the land and sea ports [8] [9] [10].

Yellow fever is known to be endemic in Ghana and the major outbreak that
happened in the country between 1969-1970 in Damongo and Pong-Tamale in
the Northern Region, Bolgatanga and Navrongo in the Upper East Region, and
Nandom and Jirapa in the Upper West Region recorded 319 cases with 79 deaths
[11].
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Although not much transmission of arboviruses has been reported in the
country, there are reports of arboviruses such as Dengue circulating in Ghana
[12] [13] which borders Cote d’Ivoire and Burkina Faso where outbreaks have
been documented [14] [15]. Ae. albopictus has also been documented to be
present in southern Ghana [16]. This species has been documented in Gabon as
the main vector for Zika Virus is currently known to be spreading to countries
in West Africa [17]. This prompts the apt need for vector surveillance especially
at the port areas since it has been documented that the main route of introduc-
tion of this species to countries has been through the importation of used tyres
[18].

Also, considering the increased migration of people across borders of coun-
tries, unchecked international trade and the absence of organized mosquito con-
trol programme, there is the need to generate comprehensive information on
Aedes vectors of Dengue and other viral hemorrhagic fevers especially around
the port areas in the country. The objective of this study was to determine the
ecology and distribution of Aedes mosquitoes as well as assess the risk of trans-

mission of viral haemorrhagic fevers around the port areas in Tema.

2. Materials and Methods
2.1. Study Areas

The study was carried out in areas around the Tema Port which comprises Te-
ma Community One (5.64574°N, 0.00235°E and 24 m), Tema New Town
(5.6530°N, 0.0252°E and 24 m) and Golden Jubilee Terminal of Tema Seaport
(5.6246°N, 0.01187°E and 23 m) (Figure 1). The collections were carried out
during the wet (October-November and April) and dry (January-March) sea-
sons of 2016 and 2017. These areas are all in Tema, which is a large settlement
located on the Gulf of Guinea and Atlantic shore of Ghana. It is situated around
30 kilometres east of the capital city, Accra, in the Greater Accra Region. Tema
is characterized by a dry equatorial climate lying in the coastal savannah zone.
It is found in the arid part of Southern Ghana, experiencing normal yearly
rainfall of around 750 millimetres [19]. The inhabitants of the study areas
work in the Tema port, the fishing harbour and other industries in Tema,
while some are self-employed or are engaged in elementary occupations such as
road-side hawking of snacks or soft drinks while the aged ones who cannot
work always stay at home throughout the day. This is a typical urban settlement
although some structures are typical of those which can be found in a rural set-

tlement.

2.2. Household Mosquito Larval Surveys

A house-to-house entomological survey was carried out in houses and pe-
ri-domestic areas in each of the study area using a simple random sampling me-
thod. Each house selected was examined to detect mosquito larval breeding sites.

Water storage containers and tyres (imported and those at vulcanizer shops)
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Figure 1. Map of Ghana showing Tema Metropolis and the three study sites.

were inspected for the presence of pre-adult stages of Aedes mosquitoes for lar-
val indices estimation. Each container was recorded for container type, location
within the house and sun exposure. Mosquito larvae and pupae were collected
from used tyres and other artificial containers with a 350 m ladle, pipette or
scooper into a well labeled transparent water holding containers which were
covered with perforated lid to provide aeration. A torch light was used for visi-

bility in dark containers and dark rooms.

2.3. Oviposition Traps

Ovitraps were randomly set at strategic points at each study site. They were
placed at concealed places to prevent being tampered with by the inhabitants.
These traps were set in order to detect the presence and to estimate population
density of Aedes mosquitoes during the rainy and dry season. The ovitraps con-
sist of small plastic containers which were modified by placing a wooden paddle
inside the ovitraps to serve as landing base/support for ovipositing female mos-
quitoes and by baiting them with grasses and a pinch of larvae feed (TetraMin®
fish flakes) which gave a conducive breeding site for Aedes larvae. These traps

were observed every three days for a month and all the eggs or any hatched im-
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mature stages found in the ovitraps were emptied into well-labeled transparent

water-holding containers and reared into adults.

2.4. Estimation of Man-Vector Contact Rates

Hourly collections of adult female Aedes mosquitoes were done to determine
diurnal biting patterns of Aedes mosquitoes prevalent in two of the study sites
(Tema Community One and Tema New Town). This was carried out from 15:00
to 18:00 hrs GMT. This exercise was carried out both indoors and outdoors in
selected places in two of the study sites during the rainy and dry seasons. Four
collectors (two indoors and the other two outdoors) were involved in this collec-
tion exercise. All adult female mosquitoes which landed on the exposed skin of
the limbs of the collectors to bite were collected using a 15 ml falcon tubes and
transferred into well labeled sealed paper cups, killed with chloroform and left
for identification. For each season, a total of 48 man-hours were used to carry

out the landing catches both indoors and outdoors.

2.5. Species Identification

All eggs, larvae and pupae of mosquitoes collected were incubated to adult stages
at the insectary of Noguchi Memorial Institute of Medical Research (NMIMR)
and identified to species level under a microscope, using identification keys [20]
[21].

3. Data Analysis

Data collected were input into Microsoft Excel and analyzed using SPSS 23.0 sta-
tistical software package. Pearson’s Chi-square was used to test for association
between variables, while the t-test was used to compare data for significant dif-
ference.

To estimate the risk of transmission of viral haemorrhagic fevers at the study
sites, three larval indices were calculated. These are House index (HI), Container
index (CI) and Breteau index (BI). HI was expressed as the percentage of houses
infested with Aedes larvae; CI as the percentage of containers infected with lar-
vae or pupae; and BI as the number of positive containers per 100 inspected
houses.

The risk of transmission of Viral Haemorrhagic Fevers (VHFs) at the study
site was estimated using the WHO criteria as follows: 1) An area where BI, HI,
and CI exceeded 50, 35 and 20 respectively, the risk of Aedes mosquitoes-
transmitted VHF’s was be considered to be high. 2) An area where BI is between
5 and 50, the density of Aedes mosquitoes was considered to be sufficient
enough to promote an outbreak of VHF disease. 3) An area where BI, HI and CI
were less than 5, 4 and 3 respectively, was considered to be unlikely for VHF
transmission to occur [22] [23]. The man-vector contact (man biting rate) was
assessed by the number of biting adult female Aedes mosquitoes per man-hour.

Man-vector count exceeding two female bites per man-hour was also indicative
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of a significant risk of transmission of the disease [23]. Ovitrap index (OI) ex-
pressed as the percentage of traps infested with Aedes immature stages was also

calculated for each site.

4. Results
4.1. Species Composition and Ovitrap Index

A total of 404 houses (240 at Tema Community One, 150 at Tema New Town
and 14 at Golden Jubilee Terminal) were surveyed during the study period for
the presence of immature Aedes in water holding containers in the various study
sites. Out of the total number of houses surveyed, 122 (30.2%) were positive for
Aedeslarvae.

A total of 6498 mosquitoes were collected from the three study using ovi-
traps, larval and human landing collections during the period of survey. A
higher number, 5715 (88.0%) of Aedes mosquitoes were collected from during
the larval surveys, compared to 574 (8.8%) from ovitraps and 209 (3.2%) from
human landing catches. Of the 6498 mosquitoes collected, 6038 (92.9%) were
Aedes aegypti, while Culex spp. and Anopheles gambiae constituted 5.2% (337)
and 1.9% (123) respectively. Majority, 3053 (47%) and 3057 (47%) were col-
lected from Tema Community One and Tema New Town respectively compared
to 388 (6%) from Golden Jubilee Terminal area. The ovitrap index ranged from
2.5 to 12.5 with the highest index recorded at the Golden Jubilee Terminal
(Figure 2). The ovitrap index was generally high in the rainy season compared

to the dry season.

4.2. Larval Indices

Larval indices estimated as House Index (HI), Container Index (CI) and Breteau
Index (BI) varied in all the sites. Tema New Town recorded the highest indices
compared to Tema Community One and Golden Jubilee Terminal. The HI, CI,
BI estimated were respectively as follows Tema Community One (34.2, 39.4 and
108.3 for rainy and 23.3, 31.7 and 82.5 for dry season), Tema New Town (41.3,
44.9 and 134.7 for rainy and 28, 40.6 and 109.3 for dry season) and Golden Jubi-
lee Terminal (14.3, 28.6 and 85.7 for rainy and 0 for all in dry season) as shown
in Table 1. Seasonal variations in the larval indices observed were generally

higher during the rainy season than the dry season.

4.3. Prevalence of Aedes Larvae in Containers

Out of the 1092 breeding containers inspected, 418 (38.3%) were positive with
237 (21.7%) positive for mosquito larvae or pupae in rainy season while 181
(16.6%) were positive in dry season. These were 8 (1.9%) earthenware pots, 1
(0.2%) disposed plastic container, 96 (23.0%) plastic barrels, 205 (49.0%) plastic
basins, 14 (3.4%) buckets, 2 (0.5%) poly tank, 62 (14.8%) car tyres, 27 (6.5%)
metal drums and 3 (0.7%) jerrycans (Figure 3). Most of these water holding
containers were located outdoors (58.1%) while 62.8% of these breeding con-
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tainers were shaded or not exposed to the sun. Larvae and pupae of mosquitoes
(5,715) were found in the above-mentioned breeding containers inspected but
mosquitoes preferred to breed in plastic basins (39.0%), plastic barrels (23.3%),
car tyres (17.2%), metal drums (8.1%), earthenware pots (5.3%) and poly tank
(4.4%) as compared to buckets, jerrycans and disposed plastic container as
shown in Table 2. The association between breeding sites and mosquito species
was statistically significant (P < 0.001). 3713 (65%) of these mosquitoes were
collected in the rainy season and 2002 (35%) collected in the dry season.

® Rainy season
16 4 = Dry season
14 A

12 4

Ovitrap index
oo

4
2 4
0 4
Tema Community One Tema New Town Golden Jubilee Terminal
study area

Figure 2. Ovitrap index estimated at the three study sites.

Table 1. Aedes mosquito larval indices for the three sites in the study area.

Entomological indices  Rainy Dry WHO 'I"hr‘esho‘ld for Level
by study sites season  season transmlssw? risk of of risk
VHF’s
Tema Community One
House Index 34.2 233 4 - 35 or above High
Container Index 394 31.7 3 - 20 or above High
Breteau Index 108.3 82.5 5 - 50 or above Very High
Tema New Town
House Index 41.3 28.0 4 - 35 or above High
Container Index 44.9 40.6 3 - 20 or above High
Breteau Index 134.7 09.3 5-50 or above Very High
Golden Jubilee Terminal
House Index 14.3 0 4 - 35 or above High
Container Index 28.6 0 3 - 20 or above High
Breteau Index 85.7 0 5 - 50 or above High
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Figure 3. Mosquito larvae/pupae breeding sites: (a) earthenware pot, (b) jerrycan, (c)
metal drum, (d) plastic basin, (e) poly tank, (f) bucket, (g) plastic barrel, (h) car tyre, (i)
disposed plastic container.

Table 2. Number of mosquito larvae from the nine breeding containers.

Species

No. Breeding Sites  4edes aegypti  Culexspp. Anopheles gambiae Total n (%)

n (%) n (%) n (%)
Earthenware
pots 301 (5.3) 0 0 301 (5.3)
2. Car tyres 765 (13.4) 159 (2.8) 61 (1.1) 985 (17.2)
Disposed plastic | ) 0 0 21 (0.4)
container
4.  Plastic barrels 1226 (21.5) 62 (1.1) 45 (0.8) 1333 (23.3)
5. Plastic basins 2110 (36.9) 116 (2) 0 2226 (39.0)
6. Buckets 107 (1.9) 0 0 107 (1.9)
7. Jerrycans 25 (0.4) 0 0 25 (0.4)
8. Metal drums 465 (8.1) 0 0 465 (8.1)
9. Poly tank 252 (4.4) 0 0 252 (4.4)
Total 5272 337 106 5715
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4.4. Adult Biting Activity and Man-Vector Contact Rate

A total of 209 adult Aedes mosquitoes were collected out of which 133 and 76
were collected during the rainy season and dry season respectively for the two
study sites. Ae aegypti was identified as the only mosquito biting in the study
sites. More collections of mosquitoes were made outdoors compared to indoors
[Tema Community One = 39 (18.7%) indoors and 71 (34.0%) outdoors; Tema
New Town = 33 (15.8%) indoors and 66 (31.6%) outdoors] There was significant
differences between mosquitoes caught indoors and outdoors in the two com-
munities [Tema Community One (P < 0.001); Tema New Town (2 < 0.001)].
However, from the hourly collections of adult mosquitoes made, highest collec-
tions were made from the hours of 17:00-18:00 GMT (Tema Community One =
69; Tema New Town = 67) followed by the hours of 16:00-17:00 (Tema Com-
munity One = 32; Tema New Town = 24). Least collections were made between
the hours of 15:00-16:00 (Community One = 9; Tema New Town = 8). The man
vector rates was generally higher during the rainy season than the dry season.
The man-vector contact rates for the two residential sites were 1.5 and 0.8 bites
per man hour in rainy season and dry season respectively for Tema Community
One and 1.3 and 0.8 bites per man hour in rainy season and dry season for Tema
New Town. Figure 3 shows the ovitrap index estimated for the three sites. The

ovitrap index was highest in Golden Jubilee terminal.

5. Discussion

Different species of Aedes mosquitoes, which are potential vectors for yellow
fever, are already known to be distributed all over Ghana as reported by various
studies in different parts of the country [11] [16] [24] [25]. The study revealed
the presence of only one distinct Aedes species and other mosquito species (Cu-
lex spp. and Anopheles gambiae) which are not relevant to this study in the Port
areas of Tema. The predominant Aedes species encountered or recorded in this
study was Aedes aegypti. This could be a result of the urban nature of Tema.
This species has been reported to be the dominant species in densely crowded
urban areas [26] [27] where they serve as potential vector for the urban cycle of
yellow fever transmission [28]. This mode of transmission is made more possible
because of the domestic characteristics of the species wherein they live in close
proximity and association with humans.

However, in most urban dwellings, tap and rain water are stored in varying
containers which include plastic barrels, buckets and plastic basins due to irre-
gular supply of water [29]. Containers which retain or hold water for longer pe-
riods of time serve as potential breeding sites for mosquitoes [30]. In the two
residential communities close to the port of Tema where part of the study was
also carried out, even in the presence of pipe borne water, water is stored in ba-
sins in most households due to intermittent pattern of water supply which is
most common in the rainy season compared to the dry season. The study area

had different sites that favoured the breeding of Aedes mosquitoes which also
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resulted in the high larval indices recorded. It was observed that more mosqui-
toes were breeding in basins followed by plastic barrels and car tyres amongst
other types breeding sites. This is may be due to the frequent usage of plastic ba-
sins for water storage by various households. Ae. aegypti mosquitoes were the
dominant species obtained from all the different types of breeding containers
followed by Culex spp. and An. gambiae. Ae. aegypti, Culex spp. and An. gam-
biae which were mostly found in close association with car tyres and plastic bar-
rels. The presence of these mosquitoes in car tyres has also been reported in oth-
er studies [27] [31].

In the study, more car tyres and disposed containers were recorded to collect
water. This could have triggered the hatching of eggs of Aedes mosquitoes laid
during the previous dry season owing to the fact that Aedes eggs can withstand
long periods of desiccation thus contributing to the high number of mosquitoes
during the rainy season [32].

Temperature, relative humidity and nutrients source is known to contribute
to mosquito abundance during rainy season, while absence of all or any of these
components and high or extreme temperature decrease mosquito breeding or
abundance in the dry season [33]. In this study, high abundance of Aedes im-
mature stages were found in the rainy season than the dry season as previously
reported in other studies in northern and southern Ghana [16] [24] [25]. How-
ever, another study in northern Ghana found high larval indices in the dry sea-
son than the rainy season and ascribed the reason that many people tend to store
water much longer during the dry season than the rainy season [34]. Water
availability and use has been associated with the breeding of Aedes immature
stages [34]. Availability and ready access to pipe-borne water reduced the prac-
tice of storing water in containers for long periods necessary to allow the breed-
ing of Aedes mosquitoes. In this study, more containers had water collected in
them in the rainy season compared to numbers recorded in the dry season. The
study area is much urban and most households have ready access to pipe-borne
water even in the dry season. It can therefore be postulated that high prevalence
of Aedes immature stages in the area could be due to the availability of water
during the rainy season. The recent WHO-TDR document [35] on the use of
multisectoral approaches for controlling vector-borne diseases highlights the
need for collaboration between the water hygiene and sanitation sector (WASH)
and disease control programs to help support the formulation of future control
strategies.

Adult Aedes species are day time biters preferring to feed during the day or
early evening. They usually bite and rest outdoors before and after feeding [23]
[36]. From this study, it was observed that more mosquitoes were biting out-
doors as compared to indoors. This situation in the study area may be attributed
to the several breeding sites found around houses than inside as more breeding
containers were recorded outside houses than inside in this study. The study also
revealed that Ae. aegypti, which was the only species recorded from human

landing catches, starts biting in the afternoon and peaking around the hours of
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17:00-18:00 GMT. These findings are very significant and important for the
formulation of future vector control programmes around these areas. The inten-
sity of disease transmission therefore will be expected to be higher around the
hours of 17:00-18:00 GMT. Therefore, the use of several protective measures
against the bites of Aedes mosquitoes at these times of the day could reduce the
transmission of arboviruses in the area.

Use of ovitraps was also helpful for surveillance of Aedes species in the study
areas as they assisted in the determination of presence, abundance and distribu-
tion of the dengue vectors. It is also an important tool or surveillance method for
providing spatial distribution and temporary data for monitoring and assessing
the impact of control measures [37]. The relatively high number of Ae. aegypti
collected using this method in this study was probably due to the fact that Ae.
aegypti mosquitoes are container loving mosquitoes which show high affinity to
oviposit in any suitable water holding container which has held water for a long
time [38] [39].

6. Conclusion

The results from the larval indices indicate that Aedes population in the study
sites was sufficient enough to promote outbreak of yellow fever or any VHF
prompting the establishment of a mosquito control programme in the study
area. Inhabitants of the two residential communities should be encouraged to
use mosquito repellent when outside between 17:00-18:00 hrs GMT (the peak
biting time of the species), while water storage containers kept both inside and
outside houses should be emptied regularly to reduce mosquito breeding sources.
Although Ae. albopictus was not found during the current survey, a previous
study identified the species to be present in some areas in southern Ghana where
the port is located. The extent of spread of this species in the country is not well
known and it calls for more enhanced vector surveillance as well proper sanita-
tion and waste disposal should be carried out in the area to prevent or control

the introduction of invasive species into the country.
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