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Abstract

Aedes aegypti (L.) (Diptera: Culicidae) is a diurnal feeder that lives in close association with human popula-
tions. It is the principal vector of yellow fever, dengue fever and the Zika Virus. Issues of arboviral diseases
have been on the ascendency in most countries including Ghana where Aedes mosquito is the main vector
of yellow fever. A comparative study of the biting behavior of Ae. aegypti and the identification of subspecies
were undertaken using molecular technique. Standard human landing technique was used to collect both
indoor and outdoor biting mosquitoes at three zones located in the Upper East (Bolgatanga), Upper West
(Nadowli), and Northern (Damongo) Regions of Ghana during the dry and rainy seasons between 0600 and
1800 Greenwich MeanTime (GMT). All collected mosquitoes were identified morphologically using taxonomic
keys. random amplified polymorphic DNA polymerase chain reaction was used to categorize Ae. aegypti into
subspecies. Adult female Aedes mosquitoes identified formed 62% (n = 1,206) of all female mosquitoes col-
lected. Aedes aegypti 98% and Aedes vittatus 2% were the only Aedes species identified. Bolgatanga recorded
the largest number of Ae. aegypti 42%, whereas Nadowli 22% recorded the least. Aedes vittatus was observed
in Nadowli. Aedes aegypti exhibited a bimodal biting behavior peaking at 0600-0800 GMT and 1500-1600 h
GMT. Molecular findings revealed 69% Ae. aegypti aegypti and 31% Ae. aegypti formosus as the two subspe-
cies (n = 110). This information is important for implementing effective vector control programs in the three
regions of the northern Ghana.
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Arboviral diseases, most of which are transmitted by Aedes spe-
cies have increased in recent times (Figueiredo 2007). Some of these
arborvial diseases are dengue fever, chikungunya virus, Zika Virus
and yellow fever. In Ghana Aedes mosquitoes are known to transmit
yellow fever, with different species transmitting at different locations
(Mouchet 1971). In forest areas for example Aedes africanus and

Aedes luteocephalus are the main vectors. In the urban areas the pre-
dominant vectors are Aedes aegypti (L.) (Diptera: Culicidae). Other
vectors of yellow fever are Aedes vittatus, Aedes metallicus, Aedes
simpsoni, and Aedes furcifer-taylori (Mouchet 1971, Appawu et al.
2006, Captain-Esoah et al. 2014). In the Northern parts of Ghana,
the potential Aedes species are Ae. aegypti and Ae. africanus (Appawu
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et al. 2006). Recent work done by Captain- Esoah et al. (2014) re-
vealed the presence of Ae. simpsoni in the Upper regions of northern
Ghana. Ae. albopictus has also been identified recently by Suzuki
et al. (2016) in Accra. Aedes aegypti, a highly domestic mosquito
prefers biting humans but they also bite dogs and other domestic
animals, mostly mammals (Edward 1984, WHO 1986, Clements
1992b). Female Aedes aegypti are highly anthropophilic and have
a propensity for feeding on humans (Harrington et al. 2001). It is
capable of long flights if host on which it feeds are unavailable lo-
cally (Liew and Curtis 2004), but rarely disperse >200 m from point
of emergence or release (Harrington et al. 2005). However, under
certain circumstances Ae. aegypti females disperse further probably
to locate a bloodmeal (Maciel-de-Freitas et al. 2010). According
to Harrington et al. (2001), the unique isoleucine concentration of
human blood is associated with Ae. aegypti’s unusual affinity to feed
preferentially and frequently on humans. This helps to intensify their
fitness level, energy reserves synthesis capabilities, and contact with
human hosts, hence making them actual sources of human pathogens.
Aedes mosquito is a diurnal feeder that bites both indoors and out-
doors. The bite usually occurs when their potential hosts are less pro-
tected (Karunamoorthi 2012). Aedes mosquitoes are normally active
within 2 h of day break and at dawn. However, they can bite in the
night when there is light. For instance, Ae. simpsoni complex species
bites mainly in the mid-afternoon, Ae. africanus bite at dusk and Ae.
vittatus bite throughout the day (Gillett 1972). A study by Captain-
Esoah et al. (2014) in the Upper East Region of Ghana, revealed that
the peak biting time of Ae. aegypti in the afternoon was 1700-1800 h.
A recent study conducted in Upper West Region of Ghana by Adzika
and Arhin (Unpublished thesis), revealed that biting by Aedes aegypti
peaked within 0600—0800 and 1800-1900 h, whereas Ae. vittatus
peaked at 0500-0600 h, no Ae. vittatus were found biting in the eve-
ning. Aedes aegypti have modified their peak biting activities in the
early morning and early evening, which can lead to disease transmis-
sion in some areas in the northern parts of Ghana (Captain-Esoah
et al. 2014). In Ghana, the Ministry of Health, reported a yellow fever
outbreak in three districts; Builsa and Kassena-Nankana-West in the
Upper East Region and Kintampo-South in the Brong Ahafo Region
(MOH 2011). These outbreaks involved three laboratory-confirmed
cases and two deaths (WHO 2012a). Within the same year (2011),
three cases were reported in Nadowli, Jirapa, and Wa East in the
Upper West Region and Dikatami in the Sawla-Tuna-Kalba District
in the Northern Region which resulted in one death (GNA 2011).
A recent outbreak in the West Gonja District, of Northern Region
has resulted in 3 deaths with 12 people infected with the yellow
fever disease (Ghana Web 2016). This study aimed at comparing the
biting behavior of Aedes species in (Bolgatanga), Upper East Region
(Damongo), Northern Region (Nadowli), and Upper West Region of
Ghana and to identify the subspecies of Ae. aegypti molecularly in
order to prepare for any future outbreaks and also to implement ap-
propriate vector control programs.

Materials and Methods
Study Sites

The study sites were Damongo (located within West Gonja district
and lies on the lat. 8°32” and 10°2” North and long. 1°5” and 2°58”
West), Bolgatanga (located within Bolgatanga Municipal district and
lies on the lat. 10°30” and 15°5” North and long. 0°33” and 1°00”
West), and Nadowli (located within Nadowli-Kaleo district and lies
on the lat. 10.8°28” and 9.8°18” North and long. 2.7°10” and 1.9°10”
West of Sahelian Savannah; Fig. 1). The study sites were selected
based on reports of recent outbreaks of yellow fever. and these are

the regions also share border with Burkina Faso that had reported
yellow fever and dengue fever outbreaks in the recent past prior to
this study. The areas are mostly savannah with mean annual rainfall
between 950 and 1,100 mm and average temperature of 36°C. The
inhabitants are mainly farmers (MOFA 2010, GSS 2014).

Study Design

One hundred houses were selected from each of the three study
areas: Damongo, Bolgatanga and Nadowli communities using strat-
ified sampling method (Neyman 1934, Creswell 2009). Aedes mos-
quitoes were collected from indoors and outdoors between 06:00
and 18:00 h GMT using the Human Landing Catches Method for
a period of 8 mo in 2015 and 2016. The 100 houses were surveyed
for mosquito larvae twice every month for the entire duration of the
study. The mosquitoes were collected from some rooms of two ran-
domly selected houses by trained collectors using the human landing
catches technique. Landing catches were performed by eight col-
lectors (four indoors and four outdoors) for three consecutive days
from 6 am to 6 pm, with 10-min breaks every hour. Mosquito col-
lectors wore long sleeve shirts to ensure that blood-seeking mosqui-
toes had access to only their lower legs which were exposed. Using a
test tube, mosquitoes were collected once they landed on the exposed
lower legs of the collectors, but before biting commenced and trans-
ferred to prelabelled holding cups. Collections were done both in the
dry (January to April 2015 and 2016) and the rainy (July to October
2015 and 2016) seasons. Morphological identification of the Aedes
mosquitoes was done using the keys as described by Gillett (1972)
and Huang and Ward (1981). Briefly, the Adult Aedes aegypti were
differentiated by the patterns of white scales on the dorsal side of the
thorax. In Aedes aegypti, the pattern consisted of two straight lines
surrounded by curved lyre-shaped lines on the side, whereas in Ae.
Vittatus three pairs of distinct, small white spots of narrow scales on
anterior, middle and posterior part of the scutum were observed. Each
mosquito was preserved dry in a perforated 1.5-ml microcentrifuge
tube kept in zip-lock bags containing silica gel for molecular studies.

DNA Extraction and purification

Genomic DNA was extracted from 110 Aedes aegypti samples ran-
domly selected from different areas in Bolgatanga, Damongo and
Nadowli in the rainy and dry seasons of 2015 and 2016 using the
Qiagen kit (Invitrogen, Carlsbad, CA) protocol.

Random Amplified Polymorphic DNA Polymerase
Chain Reaction

The Aedes aegypti subspecies was identified using the random amp-
lified polymorphic DNA polymerase chain reaction (RAPD-PCR) de-
veloped by Ballinger-Crabtree et al. (1992) with slight modifications.
Amplification of DNA fragments was done in a mix of 20 pl con-
taining 3 pl of extracted DNA, 1x PCR reaction buffer, 1.5 mM MgCL,
0.25 mM of the deoxynucleotide triphosphates (DNTPs) mix, 0.25 pM
of each of the oligonucleotide primers (see Table 1), and 1 U of Taq
polymerase. The primer sequence and the expected fragment sizes of
the RAPD-PCR products are shown in Table 1 (reagents for PCR from
Invitrogen, Carlsbad, CA). Amplification was done using PCR MAX
Alpha cycler range (Cole-Parmer Ltd) using the following cycling con-
ditions: 94°C for 4 min, followed by 45 cycles of 94°C for 1 min, 35 °C
for 1 min, 72°C for 2 min, and a final cycle at 72°C for 5 min.

The amplified products were analyzed on a 1% agarose gel
stained with 0.17 mg/ml of ethidium bromide using 10 pl of each
PCR product at 100 V for 40 min. Fragments were visualized using
BioDoc-It Imaging Systems, (Ultra Violet Product Ltd, Cambridge,
United Kingdom)
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Fig. 1. Map of Ghana showing the sampling sites or locations (Source: Derf networks, 2015)

Table 1. Summary of oligonucleotide primer details used for
molecular identification of Aedes aegypti subspecies

Primer Sequence Melting Band Sizes (bp)
(5-37) Temperature  and sub species
Q)

Aedes B3 CATCCCCCTG 34 493-515 (Ae. aegypti
aegypti)

1,085-1,121 and
1,707-1,773

(Ae. aegypti formosus)

Data Analysis

Data collected from all the study sites were analyzed using STATA
version 13.0 statistical software package. Data for mosquito human
landing catches were subjected to analysis using Kruskal-Wallis
tests. The difference in the proportions of the Aedes aegypti subspe-
cies were determined using % test. The man-vector contact (human
biting rate) used to determine the potential risk of transmission was
based on adult density estimated as the number of biting adult fe-
male Aedes mosquitoes per person-hour. Man-vector count ex-
ceeding two female bites per man hour was indicative of a significant
risk of transmission of the disease (WHO 1971, WHO 1986). The
overall potential risk of transmission for the areas were determined
using the WHO criteria (WHO 1971, WHO 1986).

Results

Distribution and Abundance of Different Mosquito
Species

In total, 1,206 adult female mosquitoes were collected in 2015
(n = 385) and 2016 (7 = 821). Out of this total, 556 (46.1%) repre-
senting the largest collection was obtained from Bolgatanga, followed
by 376 (31.2%) from Damongo and 274 (22.7%) from Nadowli. In

terms of species distribution, Aedes mosquitoes collected were 749
(62.1% of total), Anopheles species were 122 (10.1%), and Culex
species 335 (27.8%) (Table 2).

Distribution and Abundance of Aedes Mosquito
Species

Out of the 749 Aedes mosquitoes collected, 314 (42%), 258 (34%),
and 177 (24%) were collected from Bolgatanga, Damongo, and
Nadowli, respectively. In total, 236 was collected from 2015 to
513 from 2016. Aedes aegypti was the predominant species biting
man and representing 98 %, whereas Ae. vittatus accounting for 2%
(n = 749). The 2.0% Ae.vittatus was all collected outdoors from
Nadowli during the dry and wet seasons in 2015 and 2016 (Table 3).
In 2015, 96.2% of the Aedes collected was Aedes aegypti and 3.8%
Aedes vittatus (n = 236). Relatively in 2016, the percentage of Aedes
aegypti observed was higher with 98.8% and Aedes vittatus lower
with 1.2% (7 = 513). Small numbers of Aedes were caught both
indoors and outdoors from all the study areas. The largest number,
of Aedes species was collected from the Bolgatanga Municipality
during the rainy season whereas the least number was collected
from Nadowli. Data obtained further showed that in both 2015 and
2016, more Aedes mosquitoes were collected outdoors (568, 76%)
than indoors (181, 24%) across all three study sites (Table 3).

The mean biting rate of Aedes aegypti was lower in 2015 (2.4
bites/person/h) than 2016 (5.3 bites/person/h), but that of Aedes
vittatus was 0.1 bites/person/h in both years (Table 2). Aedes species
collected in the rainy season were significantly higher than numbers
collected in the dry season (P = 0.000; Table 2) in both years.

Biting Pattern of Aedes Mosquito Species

The predominant species biting man during the day was Ae. aegypti
with peak biting period between 0600 and 0800 and 1500 and
1600 h GMT in 2015 and 2016 both in the rainy and dry seasons
(Figs. 2 and 3). Small numbers of Aedes aegypti were collected in
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Table 2. Mosquitoes species collected from the study areas in 2015 and 2016

Mosquito Dry season Rainy season Total Percentage ~ Mean biting
Species rate bites/

Jan. Feb. Mar. Apr. Jul. Aug. Sep. Oct. person/hour
Aedes aegypti 7119 4/15 11/28 13/28 52/121 49/86 56/132 35/78 227/507 59/61.8 2.4/5.3
Aedes vittatus 0/0 0/0 0/0 0/0 4/0 0/0 2/3 3/3 96 2.3/07 0.1/0.1
Anopheles spp. 0/0 0/0 0/3 3/9 6/15 6/16 15/26 11/12 41/81 10.6/9.9 0.4/0.8
Culex spp. 6/9 6/7 6/12 96 24/49 25/73 16/39 16/22 108/227  28.1/27.6 1.1/2.4
Total 13/28 10/22 17/43 25/53 86/185 80/175 89/200 65/115  385/821  100.0/100.0 4.0/8.6
Percentage 3.4/3.4  26/2.7 4.4/52 6.5/6.5 22.3/22.5 20.8/21.3 23.1/24.4 16.9/14.0 100.0/100.0

Table contains number of mosquitoes collected in 2015 and 2016. Numbers collected in both years have been separated with a bar. Figures on the left side of

the bar represent numbers collected in 2015 and those on the right side are numbers collected in 2016.

Reference criteria for WHO biting rate: <2 per an hour (unlikely occurrences of urban transmission) and >2 per an hour (high risk of urban transmission)

Table 3. Aedes species and their preferred biting locations in the three study areas

Study site Species HLC dry season HLC wet season Total
Indoor (%) Outdoor (%) Indoor (%) Outdoor (%)

Bolgatanga Aedes aegypti 9(20.0) 36 (80.0) 80 (29.7) 189 (70.3) 314
Aedes vittatus 0 0 0 0 0
Aedes simpsoni 0 0 0 0 0
Aedes africanus 0 0 0 0 0

Damango Aedes aegypti 12 (22.2) 42 (77.8) 47 (23.1) 157 (76.9) 258
Aedes vittatus 0 0 0 0 0
Aedes simpsoni 0 0 0 0 0
Aedes africanus 0 0 0 0 0

Nadowli Aedes aegypti 4(15.4) 22 (84.6) 29 (21.3) 107 (78.7) 162
Aedes vittatus 0 9 (100) 0 6 (100) 15
Aedes simpsoni 0 0 0 0 0
Aedes africanus 0 0 0 0 0

Total 25 109 156 459 749

HLC, human landing catches.
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Fig. 2. Mean numbers of Aedes species and their biting patterns in 2015.

2015 compared with 2016.In 20135, it was observed that Ae. aegypti
started biting from 0600 to 0700 h and peaked at 0700 and 0800 h
GMT. Biting decreased between 0800 and 0900 h GMT. Aedes
vittatus was found biting almost at the same time between 1500 and
1600 h GMT, but with a lower biting activity (Fig. 2). In 2016, biting
peaked for Ae. aegypti between 0600 and 0700 h and decreased over
a period of 7 h with another peak at 1500 and 1600 h GMT. Aedes
vittatus had similar biting period, 1500 and 1600 h GMT but with
very low biting activity (Fig. 3). No Ae. simpsoni and Ae. africanus
were captured in 2015 and 2016.

Molecular Identification of Aedes aegypti

Subspecies

Out of 110 subspecies identified, 69% were Ae. aegypti aegypti
and 31 % were Ae. aegypti formosus (Table 4). Aedes aegypti
aegypti obtained in the rainy season was 66% compared with 34
% Ae. aegypti formosus (Fig. 4 shows a gel image of results ana-
lyzed by RADP-PCR). Relatively small numbers of Ae. aegypti
aegypti were collected during the dry season 22 (29 %) from all
the study sites than in the rainy season 54 (71 %). There was
no significant difference in the number of Ae. aegypti aegypti and
Ae. aegypti formosus obtained both in the rainy and dry seasons
(P =0.209).

Discussion

The yellow fever outbreaks within the Upper West Region (GNA
2011) and Northern Region in 2011 and 2013, respectively,
have necessitated the need for such vector studies in these areas.
Although yellow fever is known to have been eliminated, these
outbreaks may indicate a reemergence of the disease. It is impor-
tant to have surveillance in such areas to monitor transmission
especially within the northern regions which share borders with
Burkina Faso where there were similar outbreaks in the recent
past. Transmission of vector-borne diseases mainly depend on the
abundance of vector species and man—vector contact rate (WHO
1971, Appawu et al. 2006).
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In Ghana, several species of Aedes mosquitoes are known
to be potential vectors of yellow fever with different geograph-
ical locations harboring different species. Aedes africanus and Ae.
luteocephalus are mostly found in the forest areas whereas the urban
areas have Ae. aegypti as the predominant vector (Vainio and Cutts
1998). Although this study focused on Aedes species, other mosquito
species such as Anopbheles spp. and Culex spp. were observed during
the collection. The collections also showed that Aedes mosquitoes
are abundant within the study areas which is a factor that can con-
tribute to such outbreaks. Two main Aedes species were observed
and these include Ae. aegypti and Ae. vittatus. These two species
have also been reported by Mouchet (1971), Appawu et al. (2006)
and Captain-Esoah et al. (2014) who worked on similar study in
that part of Northern Ghana. The predominant species recorded in
all three study sites was Ae. aegypti confirming earlier findings by
Appawu et al. (2006) and Suzuki et al. (2016). Large numbers of
Ae. aegypti observed in almost all the study sites could be due to the

16 —e— dedes aegypti
14
12
10

8

—o— Aedes vittatus

Average number of mos quitoes
S N e O

Biting period (hours)

Fig. 3. Mean numbers of Aedes species and their biting patterns in 2016.

abundance of container breeding sites which are suitable sites for Ae.
aegypti (Okogun 2003, Agha et al. 2017).

The molecular findings from this study revealed the presence
of two Ae. aegypti subspecies (Ae. aegypti aegypti and Ae. aegypti
formosus) in Northern Ghana as reported earlier by Ballinger-
Crabtree et al. (1992). Larger numbers of Ae. aegypti aegypti were
obtained during the rainy season compared with the dry season.
Although, the differences in numbers were not statistically signif-
icant (P = 0.209), the presence of these subspecies identified in all
the study sites should be monitored. The molecular method we
use (RAPD-PCR) is an efficient tool for differentiation and genet-
ically isolated of Aedes population (Ballinger-Crabtree et al. 1992).
Nonetheless, there are some limitations which include a repetition
of sample not giving similar band patterns due to random primer,
although the interpretation of results will be the same. Additionally,
mismatch between the primer could result in total absence of PCR
products. It is possible that some of our unsuccessful reactions could
have been analyzed using a more sensitive tool such as the one based
on the mitochondrial gene cytohrome oxidase ¢ subunit I or II (COI
or COII) as described (Cook et al. 2005).

Ae. aegypti aegypti is reported to be mostly anthropophilic
(WHO 1986) and relatively larger numbers were recorded biting,
therefore the risk of urban yellow fever transmission if an infection
is introduced into the communities is highly probable. Furthermore,
the relatively higher biting rate values observed in all the study
sites in 2015 and 2016 showed that the values are above the WHO
threshold which consequently depicts high risk of urban transmis-
sion in all the areas (Table 2).

Adult Aedes spp. are diurnal feeders, with both endophilic and
exophilic feeding behavior during the early or late hours of the day.
They usually bite and rest outdoors before and after feeding (WHO
1986). Peak biting times are usually altered to times when their po-
tential hosts are less protected (Karunamoorthi 2012).

Table 4. Aedes aegypti subspecies abundance in rainy and dry seasons.

Subspecies Bolgatanga Damongo Nadowli Total
Rainy Dry Rainy Dry Rainy Dry

Aedes aegypti aegypti 14 6 22 0 18 16 76

Aedes aegypti formosus 16 1 6 0 6 N 34

Total 30 7 28 0 24 21 110

1121bp

493 bp

100 bp
ladder

Fig. 4. Identification of Aedes aegypti subspecies by gel electrophoresis ethidium bromide stained 1% gel electrophoregram of amplified DNA of Aedes aegypti
s.l. Lanes 1 and 15 are 100-bp DNA ladder. Lanes 7, 8, 12, and 14 are all Aedes aegypti aegypti. Lane 16 and 17 are Aedes aegypti formosus. Lane 19 is a negative
control. Bands analysis (493-515 base pair fragment diagnostic for Ae. aegypti aegypti and 1,085-1,121 and 1,707-1,773 base pair fragments are diagnostic for
Ae. aegypti formosus).
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It was observed in this study that majority of mosquitoes were
biting outdoors both in the dry and wet seasons. These findings sup-
port the observations made by WHO (1986) and Service (1996)
who obtained larger numbers of Aedes species biting outdoors than
indoors. Suzuki et al. (2016) reported that Anopheles mosquitoes
are nocturnal and mostly endophagic while Aedes mosquitoes are
diurnal and therefore take bloodmeal usually outdoors and rest out-
doors (exophilic and exophagic).

Aedes aegypti is a highly domestic and diurnal feeder and has
recently been shown to have modified period of their peak biting
activities (Karunamoorthi 2012). This study revealed generally two
main peak biting period (bimodal) from all the study sites (Figs. 2
and 3). It was observed from the study areas that, most of the com-
munity members who are mainly farmers usually performed many
activities outdoors in the morning before leaving to their various
farms. They often return home by 1600 and 1800 h GMT. The bi-
modal biting pattern observed may be an adaptation to coincide
with the human activities in the various homes in order to ensure
bloodmeal. The different minor peak biting periods, recorded in all
the study sites, could be due to persistent biting and several partial
blood meals taken within the day (Canyon et al. 1998, Scott et al.
2000, Ritchie 2014).

The intensity of disease transmission is therefore expected to be
highest between the hours of 0600-0800 and 1500-1600 h GMT.
This findings are significant to the formulation of future vector con-
trol programs within the study areas. This means that adulticiding
such as fogging at the peak of biting could significantly reduce the
vector populations especially where resources are limited. The use
of protective clothing to reduce man-vector contact at these times of
the day could also reduce transmission. Furthermore, vector control
programs targeted at these times of the day could prove effective in
reducing vector population and consequently disease transmission.
It was observed that more Ae. aegypti were found biting in the rainy
season, whereas few Ae. vittatus were recorded. This could probably
lead to a high risk of urban cycle of yellow fever transmission as well
as intermediate cycle of transmission in the rainy season.

The study areas have been recognized as potential risk areas for
transmission of yellow fever in particular and other Aedes aegypti-
borne diseases as a whole. This is because there have been reports of
an outbreak of yellow fever across neighboring Burkina-Faso (WHO
2003) in the past. In later years, there were reports of yellow fever
cases in the Upper West (GNA 2011) and some areas in the Northern
region of Ghana (GHS 2012, WHO 2012a). These high-risk areas
can also be confirmed from this study showing high man-vector con-
tact rates recorded in the communities in the 2015 and 2016.

Conclusion

Aedes aegypti subspecies identified from all the three regions of
the north are Ae. aegypti aegypti and Ae. aegypti formosus. Aedes
aegypti has a bimodal peak biting period of 0600 and 0800 h and
1500 and 1600 h GMT in both the rainy and dry seasons. The
man-vector contact rate supports a possible outbreak of viral hem-
orrhagic fevers if measures are not taken. The use of protective meas-
ures to reduce man-vector contact at these peak biting times of the
day could be very appropriate measures in reducing disease trans-
mission. Community-wide surveillance for Aedes infectivity with
virus should be implemented in all the study areas to prevent further
outbreaks. The information from all the study areas could be useful
for future vector control programs within the three regions of the
north and other parts of Ghana where Aedes species are abundant.
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