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Abstract

Background. Malaria transmission is heterogeneous. Villages close to each other may have very different transmission
characteristics. The presence and abundance of malaria vectors is governed by local ecology and microclimate. Knowledge
of the dynamics of transmission is important for planning and evaluation of malaria control strategies. This study
investigated the heterogeneity of malaria transmission in preparation for a vaccine trial and offers insights into dynamics of
malaria incidence in the forest zone of Ghana.

Methods: Malaria transmission was assessed in four villages with different micro-ecological features in the forest zone of
the Akwapim-Mampong Range in Ghana, water shed with rivers flowing north to Lake Volta in the south. Human landing
catches (HLC) of mosquitoes were conducted and Plasmodium falciparum circumsporozoite rates were assessed by ELISA.
Sporozoite prevalence, annual biting rates (ABR) and entomological inoculation rates (EIR) from the four study sites were
compared with climatological and ecological data. Regression analysis was used to compare transmission data and blood
parasite prevalence, parasite density (PD) and malaria episodes from children in the study area. Additionally we examined
trends in confirmed clinical malaria incidence from 2005 -2012.

Results: In total 1307 Anopheles gambiae s.l. and 54 An. funestus females were caught by HLC from November 2003 to
August 2005. Sporozoites in Anopheles vectors in four villages ranged from 4.0 to 10.2%, ABR from 371 to 1890 and EIR
from 40 to 158. Linear regression on parasitological and clinical data of children from the villages revealed that the ABR
significantly influenced the parasite density (PD) of P. falciparum.

Conclusion: Malaria transmission was intense and heterogeneous and corresponded to the micro-ecological differences.
Malaria transmission in the early evening hours before people went to sleep was enough to sustain stable malaria. Scaling
up preventive measures to reduce exposure to vectors will be effective in reducing parasitemia in children. Variations in
transmission intensity must be considered when evaluating impact of control strategies and interventions such as the vaccine
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trials.

1 Introduction

Malaria is an important cause of global morbidity and
mortality, particularly in sub-Saharan Africa where about
90% of the estimated 219 million cases result in over
600,000 deaths annually [1]. The risk of malaria transmis-
sion varies markedly across the continent and within coun-
tries. Malaria vector distribution, transmission intensity
and disease burden can vary over short distances, between
neighbouring villages and even within a single settlement
[2-4]. Some people receive more infectious bites, whilst
others are more susceptible to the disease [5]. This has a
large effect on the relationship between the risk factors
and the prevalence of malaria in the community. Risk fac-
tors for malaria transmission include population associated
risk factors such as climatic variability, urban agriculture,
proximity to mosquito breeding habitats [6], and urbaniza-

tion [7]. Other factors influence individuals such as house-
hold construction methods (e.g. open eaves) that result in
increased exposure to mosquito bites [8], besides individu-
al variation in attractiveness to mosquitoes [9].

Variations in malaria transmission intensities are
known to mirror the nature of their ecological zones [10].
For example, in Ghana, the highest transmission is report-
ed in the forest zones, where the annual entomological
inoculation rate (AEIR) can be as high as 866 infectious
bites per person per year [11]. An AEIR of 418 infective
bites has been reported for the northern savannah zone,
with 228, 360 and 630 annual infectious bites being report-
ed for the rocky highlands, lowlands and irrigated areas,
respectively, reflecting differences in the micro-ecological
settings within the northern savannah zone [12]. The forest
-savannah transitional ecological zone reports a moderate-
ly high AEIR of 269 [13], whilst coastal forest and coastal
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savannah areas have relatively low AEIRs of 21.9 and 3.7,
respectively [14]. The main vectors in the forest zones are
Anopheles gambiae and An. funestus [11,13]. Data on the
distribution of 4n. gambiae s.I. in Ghana indicate that An.
gambiae s.s. is the only member of the complex in the for-
est zone with An. arabiensis and An. melas in the northern
savannah and coastal savannah zones, respectively [15].
Plasmodium falciparum is the predominant malaria para-
site, followed by P. ovale in the forest and P. malariae in
the savannah with overall malaria prevalence around 50%
[16].

The entomological inoculation rate (EIR) is the most
direct way of assessing human exposure to infectious mos-
quito bites at individual level. It is expressed as the num-
ber of infectious bites a person receives per unit time [17].
This study reports the dynamics of malaria transmission
intensities from various communities as well as the dy-
namics of mean monthly confirmed clinical malaria inci-
dence from January 2005 to December 2012. It is believed
that this knowledge will be important for the interpretation
of results of the ongoing malaria vaccine trial conducted
since 2006 [18] and evaluation of control measures, such
as the distribution of insecticide-treated bednets to preg-
nant women provided by the Ghana Health Service.

2 Materials and Methods

2.1 Study area

Four villages in the forest zone of the Ashanti Region of
Ghana were selected: Abotanso, in the Sekyere East Dis-
trict (SED), Gyidim and Hwidiem, both belonging to the
greater Agogo area, and Low Cost a suburb of Konongo,
are located in the Ashanti Akim North Municipal District
(AAN) (Fig. 1). Results of a cohort study on prospective
clinical malaria episodes in 2002 carried out in the four
villages were used for epidemiological comparisons [19].

The Sekyere East District (SED), with an estimated
population of 157,396 lies in the North-Eastern part of the
Ashanti Region. The district lies between 6°45° - 7°32° N
and 0°22 W, and covers an area of 4231 km”. The southern
part of the district is covered with moist semi-deciduous
forest; the northern part with guinea savannah of decidu-
ous fire resistant trees [20].

Abotanso is a rural village in the SED near Kumawu
located on a mountain ridge (6°53’N - 1°17°W) at an alti-
tude of 435 m, with mud houses roofed with thatch or cor-
rugated iron sheets. Water is collected from two springs
emanating from rock formations at the base of the valley.
Farmers produce tomatoes and cocoa for the market and
plantain, cocoyam and cassava for subsistence. Some
farmers raise goats, sheep and poultry. Abotanso is about
20km from Gyidim which lies within the Ashanti Akim
North District.

The Ashanti Akim North Municipal District (AAN) in the
eastern part of Ashanti Region (6°30° - 7°30°N, 0°15° - 1°
20°W) shares boundaries with Sekyere East to the west
and north and covers an area of 1,160 km” of generally
undulating country (305 to 762 m) interrupted by the
Akwapim-Mampong Range (610 to 762 m). The estimated

District boundaries
Main Road
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Figure 1. Map of study area in Ghana showing locations of the
study sites in Sekyere East District (SED) and Ashanti Akim
North District (AAN) and map of Ghana with inset of the two
districts.

population is 142,434,

Gyidim (06°48°N, 01°05°W) is a rural suburb of
Agogo. Most of its population belongs to the Saviour Mis-
sion Church group. Farming is the main activity with large
banana and plantain plantations along the Kwarire River,
which transcends the edge of the village. Agogo, with a
population of 28,271, is an important market place for ag-
ricultural goods. From west to east it slopes from 442 m to
390 m. The majority of houses in the Gyidim area are mud
covered with cement coating with corrugated iron sheets.
The Agogo Presbyterian Hospital where data based on
monthly confirmed clinical malaria cases was obtained is
located in the Agogo township. This is the biggest hospital
in the Greater Agogo area with a catchment population of
64,858 (based on 2010 population census data).

Hwidiem (06°46°N, 01°06°W) is a village located on a
mountain slope (445-489 m), only 2 km southwest of Gyi-
dim and is surrounded by shrubs and trees. Most houses
are made of bricks and are roofed with corrugated iron
sheets. Window screens were often found damaged or not
in place. The people are mainly farmers. Rainwater drains
away quickly through crevices in the soil causing consider-
able erosion in the village.

Low Cost (06°38°N, 01°33W, altitude 244 m) is a rap-
idly developing peri-urban suburb of the district capital
Konongo. The houses are made of bricks and have gener-
ally well screened windows. Inhabitants are engaged in
small-scale vegetable farming, trading, and constructional
trade. It is about 20km from Agogo (Gyidim). The river
Owire transcends the edge of the town.

2.2 Meteorological data

Rainfall data for Agogo (Hwidiem, Gyidim), Konongo
(Low Cost) and Kumawu (Abotanso) were provided by the
Ghana Meteorological Agency, Kumasi, for September
2003 to December 2005 (Fig. 2). The major rainy season
starts in April and ends in July, the minor rainy season
begins in September and ends in early November. There
was no month without rainfall. Rainfall distribution is not
the same in the districts; it is heavier in the southern than
in the northern parts.
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Figure 2. Mean monthly sporozoite rates (SR), biting rates and
entomological inoculation rates (EIR) observed at Abotanso,
Gyidim, Hwidiem and Low Cost. The error bars indicate 95%
CI. Significant differences were investigated by HSD Tukey’s
test (*:p<0.05; **: p<0.001).

2.3 Mosquito sampling and identification

Adult female Anopheles were collected twice a month
from November 2003 to September 2005 in Gyidim,
Hwidiem and Low Cost and from September 2004 to Sep-
tember 2005 in Abotanso. Collections were made by hu-
man landing catches (HLC) with volunteers stationed in-

door and outdoor from 18:00-06:00 hrs following the
standard procedure of WHO [21]. Three collection sites
were used per village and two collectors were stationed
per site, one indoor and one outdoor. Meetings were held
with the assembly men and the unit committee members of
the villages who assisted in explaining the goals of the
study. The volunteers for the HLC (adult males) gave their
verbal consent before participating. Malaria prophylaxis
was given, and treatment (at no cost to the volunteers) was
arranged with the local hospital but none became sick dur-
ing the study period. The collected mosquitoes were kept
in cold boxes and transported to the laboratory for identifi-
cation. Anopheles mosquitoes were identified morphologi-
cally using the keys of Gillies and Coetzee [22]. Before
dissection of mosquitoes, legs and wings were removed
for DNA extraction [23] and species identification by PCR
[24].
2.4 Sporozoite and parity rates

Anopheles females were dissected and ovaries examined
for parity by inspection of the ovarian tracheoles [25].
Head and thorax were tested for the presence of P. falcipa-
rum circumsporozoite protein (CSP) using ELISA [26].
Laboratory-reared Anopheles females served as negative
controls. The sporozoite rate was calculated by dividing
the number of positive mosquitoes by the total number of
mosquito tested.

2.5 Human biting
culation rates

and entomological ino-

The human biting rate is the number of vectors biting an
individual over a fixed period of time. The EIR is the
product of the human biting rate and the sporozoite rate.
The annual EIR (AEIR) is the sporozoite rate multiplied
by the mean number of female Anopheles mosquitoes
caught per person per night multiplied by 365 [17].

2.6 Clinical investigations for a cohort of
children

In 2002, a prospective study including 250 children from
the four study villages was carried out. During 31 weekly
visits the children were characterised for their prevalence
of blood trophozoites of P. falciparum (PP), their blood
parasite density measured as 75% percentile (PD), and
their prevalence of malaria episodes (ME), defined by fe-
ver and/or reported fever and a positive blood smear [27].

2.7 Annual malaria incidence

We collected annual malaria incidence data from the
Agogo hospital, where data on the number of confirmed
cases out of total tests performed monthly was available.
The hospital began this system of reporting only from Jan-
uary 2005 and thus all data from 2005 up until 2012 was
obtained for analysis. This data was obtained in order to
ascertain whether malaria incidence has changed over the
past eight years.
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Table 1. Total number of Anopheles caught per site, parity rates, sporozoite prevalence, annual biting rates (ABR) and annual entomo-

logical inoculation rates (AEIR).

Site Species; No (%) Parous Sporozoite preva- ABR AEIR
Total # caught lence (%) (both species) (both species)

Abotanso An. gambiae; 251 226 (90) 15/226 (6.6) 1285 93
An. funestus; 20 14 (70) 2/14 (14.3)

Gyidim An. gambiae; 495 440 (89) 39/440 (8.9) 1890 158
An. funestus; 10 3 (30) 0

Hwidiem An. gambiae; 126 118 (94) 12/118 (10.2) 371 40
An. funestus; 4 3 (75) 0

Low Cost An. gambiae; 435 402 (92) 16/402 (4.0) 1258 54
An. funestus; 20 12 (60) 0

Total 1361 1187 (87.2) 84/1200 (7.0)

Table 2. Age distribution and frequencies of malaria episodes (ME), P. falciparum blood trophozoite prevalence (PP), and their blood
parasite densities (PD), 0.75 quantiles of log parasite counts/pul, from children during a 31-week prospective study on mild malaria (see

[19]).

Village Number Agelyears ME (range) PP (range) PD (range)
children (range)

Gyidim 167 6 (1-11) 0.065 (0-0.39) 0.55 (0-0.94) 2.87 (0.9-42)
Hwidiem 20 5.5(1-11) 0.048 (0-0.23) 0.39 (0.03-0.71) 2.06 (0.6-3.6)
Abotanso 5 5(-10) 0.032 (0-0.13) 0.52 (0-1) 3.11(1.64.1)
Low Cost B 6 (I-11) 0.016 (0-0.16) 0.10 (0-0.68) 238 (1.2-2.8)

2.8 Statistical analysis Sciences, Kwame Nkrumah University of Science and

Differences between proportions of mosquitoes caught in-
doors and outdoors were analysed with Chi® distribution,
with a significance threshold of p<0.05. Analysis of vari-
ance was used to test if monthly biting rates, sporozoite
rates and the EIRs were different between the four study
sites, and the Student t-test to test the differences between
mosquito numbers caught indoors and outdoors. A post-hoc
analysis of ANOVA was performed using HSD Tukey’s
multiple comparison tests to evaluate differences in study
sites. The data were analysed and graphed using GraphPad
Prism software (San Diego, CA, USA). The analysis of the
influence of village-specific sporozoite prevalence in mos-
quitoes, HBR, EIR on PP, PD and ME of the children was
assessed by linear regression (JMP 5.0 software, SAS, Cary
NC, USA). Reported significance levels were corrected for
9-fold testing. Monthly malaria incidence per 1000 of the
population was calculated by dividing the total number of
confirmed malaria cases per catchment population (with
yearly population adjustment) multiplied by 1000. ANOVA
was used to examine differences in mean monthly malaria
incidence. Trend analysis was done using linear regression
(Ordinary Least Squares) to fit malaria incidence data to the
equation y = mx + C to examine if there was decreasing or
increasing trend in malaria incidence during the period
2005-2012.

2.9 Ethical clearance

Ethical approval was obtained from the Committee for Re-
search, Publications and Ethics of the School of Medical

Technology, Kumasi, Ghana.

3 Results

A total of 1307 An. gambiae s.l. and 54 An. funestus fe-
males were collected during 145 full-night catches in the
four study sites. Most of the Anopheles were identified as
An. gambiae s.l.; only 2%, 3.1%, 4.4% and 5.3% of the
anophelines caught at Gyidim, Hwidiem, Low Cost and
Abotanso were An. funestus, respectively (Table 1). Out of
300 randomly selected An. gambiae s.l. 297 were identified
as An. gambiae s.s. by PCR. DNA of three specimens failed
to amplify.

3.1

Parity, sporozoite, and

EIR

biting rates,

Parity rates of An. gambiae were generally high and ranged
from 89% in Gyidim to 94 % in Hwidiem (Table 1). The
overall sporozoite rates per village ranged from 4.0% in
Low Cost to 10.2% in Hwidiem, but there were no statisti-
cally significant differences between their respective mean
monthly rates (F=1.115, df =3, p>0.05) (Fig. 2A, 2B, 2C).

The Annual Biting Rate (ABR) was lowest in Hwidiem
(371), highest in Gyidim (1890) with Abotanso and Low
Cost being intermediary (Table 1). They were statistically
different from each other (F=5.504, df= 3, p<0.01). Post-
hoc HSD Tukey’s comparison test revealed highly signifi-
cant differences between Gyidim and Hwidiem, (q=5.391,
P<0.01) as well as between Low Cost and Hwidiem
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Figure 3. Hourly biting activities of An. gambiae (N=1307)
caught at Abotanso, Gyidim, Hwidiem and Low Cost.

(q=4.152, P<0.05). No differences were found between
Abotanso and the other sites (Fig. 2B). The Anopheles bit-
ing rates at the four locations were highest in the rainy sea-
son and lowest from November to January, but varied from
year to year, though not significantly (Fig. 5).

Comparison of monthly EIRs followed similar trends as
biting rates; interestingly Gyidim had the highest monthly
EIR whilst the closest community in terms of proximity,
Hwidiem, had the lowest EIR. Post-hoc analysis revealed
highly significant differences between Gyidim and Hwidi-
em as well as between Hwidiem and Low Cost (F= 7.799,
df= 3, p<0.001) (Fig. 2C). The AEIR was low in Hwidiem
(40) and Low Cost (54), higher at Abotanso (93) and high-
est in Gyidim (158) (Table 1).

3.2 Clinical data

Clinical data revealed the lowest frequency for malaria
episodes and P. falciparum parasite prevalence in Low
Cost and the highest in Gyidim (Table 2). The results of
pair-wise regression analyses of village-specific sporozoite
prevalence in mosquito ABR, EIR versus PP, PD and ME
of children living in these villages are shown in Table 3.
The most significant finding (P= 0.0054) showed a propor-
tion of explained variance (R?) of 0.060 for the regression
of ABR versus PD, and a high significance (P = 0.0063)
and R? of 0.045 for the regression of sporozoite rate versus
trophozoite prevalence.

3.3 Hourly biting activity

Biting activity of An. gambiae at the four sites began as
early as 18:00 hrs and peaked between 23.00 and 01.00 hrs.
There were no statistically significant differences for hour-
ly biting activities between Hwidiem, Gyidim and Abotan-
so (P=0.997), but there was a significant shift at Low Cost
where biting activity peaked two hours later (P=0.035)
(Fig. 3). Transmission started in the early evening hours
from 18:00 to 21:00 hrs, when 10.4% of Anopheles caught
were infected. The early evening AEIRs were 2.0 in Hwidi-
em, 2.5 in Low Cost, 5.0 in Abotanso and 8.0 in Gyidim.

Table 3. Linear regression of village-specific transmission data
(ABR, AEIR and sporozoite rate), versus median of individual
frequencies of malaria episodes (ME): P. falciparum blood troph-
ozoite prevalence (PP), and parasite densities (PD) within 31
weeks

ME PP PD
ABR R® 0.0075 0.023 0.060
p* 1 0.14 0.0054
Sporozoite | R* 0.021 0.045 0.0017
rate p* 0.19 0.0063 1
AEIR R’ 0.017 0.042 0.048
pP* 0.37 0.010 0.018

R?, explained variance calculated by the square of the regression
coefficient R;
*, corrected for 9-fold testing.

There were no significant differences between indoor and
outdoor biting activities at all sites (P=0.924) (Fig. 4).

3.4 Clinical malaria incidence

No specific seasonal patterns were observed when monthly
malaria incidences were compared from 2005 to 2012 (Fig.
6). ANOVA revealed no significant differences between
mean monthly clinical malaria incidence from 2005 to
2012 (F=1.95, df=94, p=0.17). Linear regression analysis
could not identify significance in terms of decreasing or
increasing trends in malaria incidence between 2005 and
2012 (y=-0.0002x+12.63; R*=0.0204, t=-1.40, p=0.17, 95%
CI: -210.10-36.50).

[ Indoor
[ Outdoor
120+

Mean monthly biting rates

Abotanso Hwidiem Low Cost

Gyidim

Figure 4. Monthly biting rates (MBR) between indoor and out-
door sites.

4 Discussion

Malaria has a broad range of different epidemiological pro-
files, depending on the distribution and vectorial capacity
of the local anopheline population, environmental condi-
tions, and the degree of protective immunity acquired by
the exposed population. Heterogeneity in malaria transmis-
sion is known to occur due to varying factors such as dis-
tance to larval breeding sites [6], land cover, [28], differ-
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Figure 5. Rainfall patterns and monthly biting rates for Gyidim
and Hwidiem. Low Cost and Abotanso.

ences in house design [8], bednet usage [29], and individual
differential attractiveness to mosquitoes [9]. Anopheles
gambiae s.s. was identified as the main vector in all sites
and is the only member of the complex so far reported in
the forest zone of Ghana [11,15]. Anopheles funestus is
regarded as a secondary vector [11,13]. Malaria transmis-
sion in the mountainous area of the Ashanti Region (AEIR
40 —158) was intense and highly heterogeneous in spite of
the proximity of the villages to each other. Infectious mos-
quitoes were caught throughout the year, except during the
dry months of December and January at Hwidiem.
Transmission of P. falciparum varied on a micro-
geographical scale in Abotanso/Gyidim and Hwidiem/Low
Cost. Abotanso has spring water emanating from rock for-
mations creating breeding habitats for mosquitoes through-
out the year, leading to perennial transmission. Gyidim, a
rural village in a valley close to a small stream, had the
highest AEIR observed. Krefis et al. [28] associated the
high incidence of malaria infection with the proximity of
Gyidim to extensive plantain and banana plantations as a
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Figure 6. Monthly clinical malaria incidence from 2005-2012 in
the Ashanti Akim North District as reported by the Agogo Presby-
terian Hospital, Agogo.

risk factor. This corroborates with an observation by
Anosike et. al. [30] from the rainforest of south-eastern
Nigeria that leaf axils of plantain and banana were a micro-
habitat for breeding An. gambiae and a risk factor for ma-
laria. The plantain and banana farms in the vicinity of the
village may therefore explain the higher risk of malaria in
Gyidim. Hwidiem in contrast, although in close proximity
to Gyidim, is located on a mountain slope where rainwater
does not collect and does not create Anopheles breeding
sites which explains the low mosquito density and malaria
transmission. Low Cost, a rapidly expanding suburb of
Konongo with modern brick houses, screened windows,
better personal protection against mosquito bites and access
to antimalarial drugs, recorded the lowest sporozoite rate
(4.0%) contrasting with a high mosquito abundance due to
the vicinity of lowland swampy areas and house construc-
tion activities with open pits and ditches. The relationship
between rainfall and mosquito biting densities and trans-
mission parameters (Fig. 5) were similar to those described
from the Agona area [11]. Krefis et. al. [31] reported a high
association between rainfall and malaria incidence at the
village clusters of Agogo and Konongo. Rainfall preceded
higher incidence of malaria by a time lag of around 9
weeks. Few An. funestus were collected, and infected ones
only in Abotanso. In contrast, in the low-land forest area of
Agona, the higher transmission in one of two neighbouring
villages could be attributed to the abundance of the second-
ary vector An. funestus [11].

The hourly biting activities with peaks around midnight
and declining towards dawn are typical for An. gambiae
and have been described in several areas [32, 33]. In con-
trast, Appawu et al. [12] observed that night biting activi-
ties of vectors in northern Ghana peaked at day break
(04:00-06:00 hrs). The significant shift of the peak of trans-
mission by two hours in Low Cost (Fig. 3) occurred proba-
bly as a result of the expanding peri-urban environment.

Transmission in the early evening hours (18:00-21:00
hrs) may be a serious problem, specifically for children
when not protected [12,34,35]. In our study, the number of
infectious bites individuals received in the early evening
before bedtime (AEIR 2-7.8) was lower than that observed
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in the low land forest area (AEIR 39 and 57) [11], but was
still sufficient to maintain a stable level of malaria. Similar-
ly, studies from Tanzania reported infectious bites during
hours when people are unlikely to be sleeping under insec-
ticide-treated bednets; 12% of all infectious bites occurred
between 19:00-22:00 hrs and 05:00-06:00 hrs, which trans-
lated into 0.5 infectious bites per person per night [35]. It
was also observed that An. gambiae s.s. did not have a
strong endophagic behaviour and was readily biting out-
side. This plasticity in biting behaviour has also been re-
ported from coastal Ghana [36]. Thus it is important for
any malaria control programme to take into account the
biting behaviour of local malaria vectors before choosing
appropriate interventions that will be most effective.

The comparison of ABR, AEIR, and sporozoite rates
from 2003 to 2005 against clinical data from a prospective
study on mild malaria in children (Table 3) demonstrated a
direct influence of transmission intensity on parasite preva-
lence and density but there was no significant correlation
between transmission intensity (EIR) and the frequency of
clinical malaria episodes in the children. It should be noted
that the human biting rate (a key component of the EIR)
depends on the individual’s body mass [37]; the volunteers
used in this study were male adults and thus may resulted
in an overestimation of the challenge faced by children. It
is known that the relationship between EIR and disease
outcome is not directly proportional; the outcome of a giv-
en infectious bite could be anything from a mild discomfort
to death [38,39]. Disease outcome among other factors
depends on the immune status, age [38], and genetic poly-
morphism within human hosts [40].

Fundamental to the development of sound malaria con-
trol programmes is a basic understanding of the relation-
ships between malaria transmission by vector populations
and malaria outcomes. Beier et. al. [41] observed that sites
with AEIRs of 5, 15 and 200 infectious bites had levels of
P. falciparum prevalence exceeding 40%, 50% and 80%,
respectively. The ideal situation would be to compare our
data with clinical malaria data obtained in the same year
but this was not available. When comparing our data with a
prospective clinical malaria study among a cohort of chil-
dren over a 31-week period from the same study sites in the
previous year, we observed a significant linear relationship
between ABR and parasite density among the children.
Additionally a significant correlation between the sporozo-
ite infection rate in the mosquito population and parasite
prevalence among the children in the same study sites was
observed. Beier ef al. [38] reported from western Kenya
that annual biting rates alone accounted for 68% of the
variation in malaria attack rates in children. Measurements
of either the EIR or the human-biting rate can thus be used
to predict corresponding attack rates in children.

The malaria burden in Ghana is largely perennial with
marked seasonal fluctuations restricted to the northern sa-
vannah zones (PMI Ghana report 2013). Additionally, data
available from 2005-2012 showed no specific seasonal
patterns and no significant increasing or decreasing trend in
monthly malaria incidence. It is therefore plausible to pro-
pose that malaria episodes obtained by the active case sur-
veillance among children in the study community represent

a longer term transmission potential as a result of cumula-
tive exposure to the local malaria vectors, the distribution
of which is driven by micro-ecological differences rather
than monthly climatic variation. The entomological study
therefore provides useful data that relates to the variation in
clinical malaria in the same study sites.

5 Conclusions

Malaria transmission in the mountainous rainforest area
was intense but highly heterogeneous corresponding with
micro-ecological differences. The early evening transmis-
sion between 18:00-21:00 hrs is sufficient to maintain sta-
ble malaria. AEIR proved to be a good tool to explain ma-
laria exposure and parasite densities within a population.
The variation in transmission intensities observed will be
informative in the evaluation of vaccine efficacy and the
distribution of insecticide-treated bednets that are currently
ongoing in the study area.
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