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Abstract-

Background: Changes in temperature, rainfall and relative humidity due to climate change are expected to directly influence malaria
transmission dynamics, by modifying the behavior and geographical distribution of malaria vectors while shortening the sporogonic cycle
of the parasite in the vector. These changes will have varying effects on malaria incidence in different eco-epidemiological settings. The
aim was to examine the impact of climate variability on malaria incidence in three micro-epidemiological ecosystems in the forest zone of
Ghana, Ashanti Region.

Methods: Data on climatic variables (rainfall, temperature and humidity) from January 2008 to- October 2009 were obtained from the
two weather stations. Hospital based confirmed malaria incidence data were obtained for the same period from Akropong (rural) hospital
whereas malaria incidence data were obtained from January 2008-June 2009 and January 2008-August 2009 for Emena (peri-urban)
and Atonsu (urban) hospitals respectively. Microscopy was used to identify the predominant Plasmodium species. Spearman’s correla-
tion analysis and cross correlation analysis that allowed a time-lag of 0-3 month were performed to examine the role of climatic variables
on malaria incidence.

Results: There was a direct correlation between monthly malaria incidence and monthly climatic variables at different time-lags and
location. At every study site, different climatic variables were seen to play different roles on the occurrence of malaria. At Akropong and
Emena, the study indicates that rainfall and minimum temperature are the major drivers of malaria incidence though this relationship was
significant at different time-lags in different eco-epidemiological settings. At Atonsu, the study indicates that rainfall and maximum tem-
perature are the major contributors to malaria incidence.

Conclusion: Climatic variables have direct and indirect influence on malaria incidence and these variables can predict malaria inci-
dence and be suited for forecasting the malaria occurrence in areas with similar ecological features in the Ashanti Region of Ghana.
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Background malaria burden in Ghana in recent years, despite declining malaria
burden in other parts of Africa [3]. In Ghana, particularly in the for-
est zone, there is perennial transmission of malaria with highest
intensity during rainy season [4], accounting for about 32-42% of all
outpatient admissions and for major inpatient causes of death [5].

Malaria remains one of the most important causes of human mor-
bidity and mortality with significant medical and economic impact
on the world [1]. WHO found limited evidence of a decrease in
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It is known to be among the top four leading causes of death in
children under five and pregnant women in developing countries

2.

Malaria has shown to be a complex disease and its transmission
and prevalence influenced by many factors, amongst which varia-
bility in climatic factors play a major role. Increases in temperature,
rainfall and relative humidity due to climate change are expected
to influence malaria directly by enhancing the survival and geo-
graphical distribution of malaria vectors and by shortening the
length of the life cycle of the parasite within the vector [6]. This is
because temperature affects the development rates and survivor-
ship of malaria parasites and mosquito vectors, whilst rainfall influ-
ences the availability of mosquito larval habitats and thus mosquito
demography and behavior [7].

Several studies have linked incidence of malaria time series to
weather variables such as rainfall, temperature and humidity.
Whereas some found strong correlation between malaria and cli-
matic variables [8-10], others did not find any significant relation-
ship [11,12].

One study in particular from the Ashanti region of Ghana reported
that, high-resolution precipitation data can directly predict malaria
incidence in a highly endemic area within a mean interval of two
month lag [13].

It has been reported that the synergistic effect of temperature and
rainfall on malaria transmission is much more pronounced than
individual effects [14]. Thus, simultaneous analysis of meteorologi-
cal and parasitological data at different micro-epidemiological eco-
systems at the local level is critically needed to demonstrate the
effects of climate on malaria cases.

However, there is limited information on the association between
climate variability and empirical malaria incidence in Ghana. Thus
there is the need to rigorously examine this association from differ-
ent transmission and eco-epidemiological zones. The knowledge
will be critical to the development of malaria early warning systems
in the forest zone of Ghana and other similar regional epidemiologi-
cal ecosystems. The purpose of the study was therefore to provide
a baseline data to enhance a future malaria control program, devel-
op forecasting and early warning system by linking climate varia-
bles and malaria occurrence in Ghana

Materials and Methods
Study Design

This is a longitudinal study that employed both retrospective and
prospective data to determine the impact of climate variables
(rainfall, relative humidity and temperature) on malaria incidence
across three micro-epidemiological ecosystems; in urban (Atonsu),
peri-urban (Emena) and rural (Akropong) districts of the Ashanti
region of Ghana. The study population included all cases of sus-
pected malaria referred to the laboratory for screening.

Study Area

This study was conducted in the Kumasi Metropolis (Fig. 1); includ-
ing Atonsu, a suburb and Emena, a peri urban area. The third site,
Akropong is a rural district in the Ashanti Region where Kumasi is
the capital. Kumasi is the second largest city in Ghana, with a pop-

ulation of about 2.5 million [15] and is located between latitude
30"and 7°00” N and longitude 1°30” and 2°00” W and covers an
area of 24,389 sq. km. The region is located in the central forest
zone of Ghana with a semi-humid wet tropical climate. Annual rain-
fall is about 1400 mm with two distinct rainy seasons. The mean
annual temperature is 25.7°C with a humidity ranging from 53 to
93%. Malaria is hyper-endemic in this region; often recording the
highest number of cases in the country.
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Akropong

Akropong is a rural community located between latitude 6° 74’ 17”
N and Longitude 1°73’ 05" W, with an elevation of 400m above sea
level. The vegetation is characterized by shrubs and trees sur-
rounding the community but no vegetation in-between houses (Fig.
2). Road puddles that create breeding habitat after rains are com-
mon. Stagnant pools from trapped bathroom water at the backyard
of houses were also very common and are responsible for breed-
ing nuisance culicines. The houses are built with concrete blocks,
with a few mud houses. Doors and windows are hardly screened
against mosquitoes. The community has a health post equipped
with a microbiology laboratory that has the capacity to diagnose
malaria by microscopy. Additionally, there are at least 3 private
chemical (pharmaceutical) shops where anti-malarial drugs could
be purchased. Inhabitants are mainly farmers, growing subsistence
crops such as cassava, maize and plantain proximal to the commu-
nity which are known to increase the risk of malaria infection by
providing resting places for Anopheles mosquitoes [16].

Fig. 2- Photos of parts of Akropong Township
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Atonsu

Atonsu is a suburb of Kumasi, located in the vicinity of Kumasi
South Hospital, N 6°64’ 92” W 1°58' 17", The houses are made up
of brick walls and roofed with corrugated iron sheets as well as
thatch. Only a few houses have screened doors and windows.
Many houses are clustered together with little spaces in-between
them. There are very few well planned roads and this gives an
impression of poorly planned closed community. Poor drainage
system with choked gutters is a common feature. One end of the
community is bounded by thick vegetation made of shrubs and
trees conducive for mosquito outdoor resting and oviposition with a
stream bisecting it. The economic activity in this study area is farm-
ing and trading; vegetable farms that use small scale irrigation
schemes are also seen. Mosquitoes usually aggregate around
houses proximate to these vegetable farms (Fig. 3). Atonsu has
previously been described as urban-poor population based on the
characteristics of the community [17].

Fig. 3- Photos of parts of Atonsu Township

Emena

Emena is located off the Kumasi-Accra highway, approximately 15
km away from the center of Kumasi. It is thus a suburban area of
Kumasi; this community exhibits typical characteristics of a peri-
urban area which is rapidly-developing with buildings literally
springing up everywhere. However, it is not uncommon to see
houses yet under construction but already being occupied by care-
taker families (Fig. 4). The majority of the houses are built with
concrete blocks with corrugated iron roofing sheets. At Emena, the
average number of people sleeping in a room was 3. Majority of
the rooms would be susceptible to mosquito entry since there had
not been any netting in the windows. Some inhabitants were living
in uncompleted buildings and thus had no real doors and windows
only cloth were used for this purpose. The surrounding is further
characterized by vegetation made up of shrubs, trees, plants and
gardens, separating houses. The community has a private hospital
(Aninwaa Medical Centre); it is a prominent medical facility in the
community. The eastern side of the hospital has a water logged
area with sugarcane farms and this is a potential breeding site of
mosquitoes.

Fig. 4- Photos of Parts of Emena Township

Malaria Data

Monthly passive case data based on confirmed malaria cases were
obtained from the hospitals for the period January-December 2008.
However, for the period January-October 2009, this data was ob-
tained on daily basis. These were arranged according to age and
gender.

Meteorological Data

Meteorological data sets, i.e. rainfall, relative humidity and temper-
ature (from Jan 2008-Oct 2009) were obtained from the nearest
Ghana Meteorological Services Station for each study area. Data
from the weather stations used were from KNUST station covering
Aninwa Medical Centre& Kumasi South Hospital and Owabi station
for Akropong Health Centre respectively.

Laboratory Procedures

Standard procedures in determining malaria cases were applied in
all the hospitals in our study sites. Standard procedure by micros-
copy as described by [18] is the routine procedure in the hospitals.
Briefly, samples were collected by the standard finger-prick method
and thick and thin smears were prepared. The thin and thick blood
smears were air dried. Thin smears were fixed in methanol and
thick smears were stained in 4% Giemsa for 30 minutes. Slides
were examined under x100 oil immersion to identify and count the
parasite species. Parasite density was scored against 200 leuko-
cytes when the slide was positive; otherwise, the whole slide was
carefully scanned before being declared negative.

Result

Correlation Between Malaria Cases and Climatic Variability at
Akropong

Malaria cases were reported throughout the year, with a mean
number of cases of 107.55 per month (95% CI 96.29-118) for the
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period January 2008 to October 2009. The highest malaria inci-
dence of 151 cases was recorded in October, 2008 (Fig. 5). Malar-
ia case incidence correlated significantly with rainfall when the data
was staggered to allow for one month lag effect (r2= 0.192, p=

0.041) (Table 1). February 2008 recorded the lowest number of
malaria cases of 45, with total rainfall of 33.6 mm, relative humidity
of 49.1% and a maximum temperature of 34.8°C (Fig. 5). This
month typically falls within the dry season.

Table 1- Showing the Relationship among Rainfall, Temperature and Relative Humidity

Akropong

Rainfall Month lag 0 1 2 3 0 1 2 3 0 1 2 3
Pearson r -0.193 0.439 0.275 0.062 0.115 -0.164 -0.007 0.134 -0.003 0.46 0.545 0.211
R2 0.037 0.192 0.075 0.004 0.013 0.027 0 0.018 0 0.211 0.297 0.045
P value 0.389 0.041 0.216 0.785 0.63 0.489 0.976 0.573 0.991 0.055 0.019 0.4
Maximum Pearson r -0.363 -0.34 -0.128 0.123 0.067 -0.046 0.099 0.419 0.11 -0.208 0.002 0.258
Temp R2 0.132 0.115 0.016 0.015 0.004 0.002 0.01 0.175 0.012 0.043 0 0.067
P value 0.097 0.122 0.572 0.586 0.779 0.846 0.679 0.066 0.664 0.407 0.993 0.301
Minimum Pearson r 0.066 0.512 0.172 -0.066 -0.108 0.071 0478 0.024 -0.559 -0.231 0.015 -0.04
Temp R2 0.004 0.262 0.03 0.004 0.012 0.005 0.228 0.001 0.312 0.053 0 0.002
P value 0.769 0.015 0.443 0.772 0.65 0.766 0.033 0.922 0.016 0.356 0.953 0.874
Relative Pearson r 0.36 0.485 0.276 0.107 -0.18 0.024 0.206 -0.328 -0.35 -0.137 -0.029 -0.151
Humidity R2 0.129 0.235 0.076 0.011 0.032 0.001 0.043 0.108 0.123 0.019 0.001 0.023
P value 0.1 0.022 0.214 0.637 0.448 0.92 0.383 0.158 0.154 0.587 0.909 0.549

Furthermore, inter annual variation in malaria cases was observed,
for e.g. August 2008 recorded 87 cases of malaria as compared to
137 cases in August 2009, although the latter had only a minimal
amount of rainfall of 17.9 mm. This may be associated with the
heavy rainfall in the preceding months. Linear regression analysis
showed a positive correlation with rainfall although this was not
significant at the 2-3 month lags (r = 0.275, p 0.216; r = 0.062, p
0.75 respectively) (Table 1). A Regression analysis revealed maxi-
mum temperature was negatively correlated with malaria cases
between time lags of 0-2 months, but increased with increasing
malaria cases in the third lag month though not significant (Table
1). The opposite was true for minimum temperature, where it had
positive association with malaria cases from 0-2 lag months but not
the third. Significant correlation was observed at one month lag
time (r2= 0.2, p = 0.015) (Table 1). Malaria cases generally in-
creased with increasing relative humidity (Fig. 5) and this was sta-
tistically significant at the one month lag interval ( r2 = 0.235, p =
0.022).
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Fig. 5- Climatic variables on malaria incidence (January, 2008 to
October, 2009) at Akropong Health Centre

Relationship Between Malaria Cases and Climatic Changes at
Atonsu

Malaria cases were reported throughout the study period with an
average monthly malaria cases of 104.1 (95% Cl 89.23-119.0),

from January 2008 to August 2009. This is among the highest
number of cases observed second only to Akropong, the rural area
by only three cases. Regression analysis revealed increasing rain-
fall results with increasing malaria incidence at 0 and 3 month lag
effect, but the opposite was true at 1 and 2 month lag effect alt-
hough all the correlation was not significant for all the months
(Table1). Inter annual variations in rainfall and malaria incidence
was observed for e.g., the highest rainfall in both years was record-
ed in the month of June (Fig. 6). In 2008, this was followed in July
by the highest malaria incidence of 166 cases, in 2009 however,
even higher rainfall was rather followed by lower malaria incidence.
March 2008 recorded the least number of malaria cases of 39 with
total rainfall of 97.4 mm (Fig. 6). This month normally marks the
beginning of the wet season and rightly so because the total rainfall
was higher than that observed in January and February that same
year and is above the 88 mm needed to favor mosquito breeding.
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Fig. 6- Climatic variables on malaria incidence (January 2008 to
August 2009 at Kumasi South Hospital, Atonsu)

However, March 2009 recorded 101 malaria cases with a total
rainfall of 110.6 mm. August 2008 recorded 126 cases of malaria
as compared to 53 cases in August 2009, which experienced a
minimal amount of rainfall of 17.9mm. The low rainfall of 17.9 mm
was not conducive for development of mosquitoes. Temperature
ranges were within the acceptable values for mosquito survival and
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parasite development. Although maximum temperature increased
with increasing malaria incidence except for the one month lag,
regression analysis could not confirm any significant correlation at
any time lag. However, minimum temperature was strongly associ-
ated with increasing malaria incidence and this was significant at
one month lag effect (r2 0.228, p = 0.033) (Table1).

Relationship Between Malaria Cases and Climatic Changes at
Emena

Malaria cases were reported every month of the year, with a mean
monthly malaria cases of 43.89 (95% CI 31.88-55.90), from Janu-
ary 2008 to June 2009. The highest malaria incidence of 99 cases
was recorded in January, 2008 (Fig. 7) which falls within the dry
season and thus recorded no rainfall. Over all, the lowest mean
monthly malaria case incidence was observed as this site. When
the data was staggered to allow for 0-3 month lag effect, logistic
regression analysis, revealed that rainfall was negatively correlated
with malaria incidence at the zero month lag but positively associ-
ated with malaria case incidence at one to three month lags and
this was significant at the two month lag (r2= 0.297 p = 0.018).
Maximum temperature generally had weak positive correlation with
malaria except at one month lag where it had an inverse correla-
tion, but all these correlation was not statistically significant (Table

1).
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Fig. 7- The effects of climatic variables on malaria incidence (blue
bars) observed for the period January 2008 to June 2009 at Emena
Hospital located in a peri-urban area of Kumasi.

Minimum temperature was negatively associated with malaria cas-
es at this site and this was significant at zero month lag (r -0.559,
p= 0.016). Increasing relative humidity correlated negatively with
malaria cases at all time lags but this correlation was weak as there
was not statistical significance at any time lag (Table 1). Inter annu-
al variation in case numbers was also observed at this site, for e.g.
February 2009, the least number of malaria cases of 13 was ob-
served with total rainfall of 114.3 mm, relative humidity of 61.0%
and a maximum temperature of 33.3°C (Fig. 7). This month nor-
mally falls within the dry season but this time around, the rainfall
recorded was markedly high. This could flood mosquito breeding
sites and wash away mosquito larvae and kill them. The relative
humidity was above the optimal value of 260%, with the maximum
temperature outside the optimal value of 30°C.

Furthermore, February 2008 recorded 85 cases of malaria as com-
pared to 13 cases in February 2009 with February 2008 having a

total rainfall of 33.6 mm compared to 114.3 in February 2009.

Comparison of Mean Monthly Malaria Cases, Rainfall, Relative
Humidity and Monthly Temperature among the Study Sites.

Malaria cases

Mean monthly malaria cases at the three study sites differed signif-
icantly (F=32.49, p < 0.0001) with the highest from the rural area
Akropong, followed by Atonsu, the urban area and then Emena,
the peri-urban area. However post hoc analysis (HSD Tukey multi-
ple comparison) revealed no statistical difference between Atonsu
and Akropong (q =0.57, p > 0.05).

Rainfall

Mean monthly rainfall was not significally different from all the study
sites compared with each other (F = 0.0014, p =0.9986). However,
total annual rainfall was highest at Akropong (2936.4mm), followed
by Atonsu (2666.2mm) and then Emena (2407.1mm) recorded the
least. Interestingly, total number of absolute malaria cases followed
a similar trend.

Relative Humidity

Comparison of relative humidity across the study sites revealed no
significant differences statistically (F=1.874, p =0.1628). This is in
spite of Atonsu (urban) showing a lower overall mean RH: Atonsu
58.22% (95% Cl 52-64), Akropong 64.28% (60-68) and Emena
62.66% (58-66).

Mean Temperature

Mean monthly temperature observed at the three study sites were
significantly different from each other (F= 4.041, p =0.023). With
Atonsu on the average was 1°C warmer than the other sites:
Atonsu 27.08°C (95% Cl, 26.55-27.61), Akropong 26.10°C (95%
Cl 25.58-26.63) and Emena 26.24°C (95% Cl 25.62-26.86).

Discussion

It has long been established that climate is an important determi-
nant of vector and pathogen distribution [19]. Because the biology
of malaria transmission makes it very sensitive to changes in cli-
mate [20] and thus Climate variability has a strong impact on ma-
laria transmission in space and time [20]. Less known is the specif-
ic role of climatic variability on malaria incidence across differing
micro-epidemiological settings at the local scale and its utility in
early warning systems for the management of local malaria burden
[21].

Mean monthly rainfall was comparable at all study sites with no
differences statistically. However, the total amount of annual rain-
fall was highest at Akropong, followed by Atonsu and then by
Emena. It is interesting to note that the number of malaria cases
followed a similar trend. Generally, increasing rainfall was associat-
ed with increasing malaria cases; however this differed with partic-
ular  micro-epidemiological  setting. At the rural micro-
epidemiological setting, rainfall had a strong positive correlation
with malaria at one month lag, but at the peri-urban area, this
strong positive correlation occurred at two month lag after the
rains. At the urban site however, malaria cases had only weak
correlation with rainfall at different month lags, there was a positive
correlation at zero and three-month lag but negative correlation at
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one and two month lags but these correlations were not statistically
significant. From the north-eastern part of the forest zone of Gha-
na, a recent investigation on temporal associations between week-
ly malaria incidence and weekly rainfall, found that the level of
rainfall predicted the malaria incidence after a mean time lag of two
months [13], our findings are comparable to this study. Similarly,
several other studies found direct correlation between rainfall and
malaria incidence [22-24].

In contrast, others found negative correlation between rainfall and
malaria incidence [25-26], whilst others observed weak correlations
between rainy days and the incidence of malaria [27]. A study
found that there was a high spatial variation in the sensitivity of
malaria outpatient number to climate fluctuations in the highlands
of Eastern Africa [14]. However, another study observed that sea-
sonally varying effects of rainfall on malaria case counts may ex-
plain weak overall cross-correlations [28].

Our observation in keeping with other observations yield to the
phenomenon that the impact of climatic variables on the incidence
of malaria is not homogenous. Thus, it is important that spatial and
seasonal variation in micro epidemiological settings should be tak-
en into account in malaria predictive models using rainfall as co-
variates.

Maximum temperature had a weak correlation with malaria case
incidence at all three sites studied. At the rural setting, it was in-
versely correlated with malaria from 0-2 month lag but a positive
correlation at the third month lag, this though was not significant.
However, at the peri-urban and urban sites, except at one month
lag where it has a negative correlation, maximum temperature
positively correlated with malaria and this relationship was weak
and not significant. Mean monthly temperature observed at the
three sites were different from each other significantly. Atonsu on
the average was 1°C higher than the others. Minimum temperature
appeared to be very important factor distinguishing between the
various sites in terms of its influence on malaria incidence. It was
significantly associated with malaria incidence at one month lag at
the rural site, at two month lag at the peri-urban area. However, it
was negatively associated with malaria case incidence at the urban
area that has 1°C elevated temperature. The results of similar
study conducted in China [23] and in India [24] suggested a strong
positive correlation between monthly incidence of malaria and
monthly maximum and minimum temperature.

Temperature plays an important role in the variability of malaria
transmission by regulating the development rate of mosquito larvae
and influencing the survival rate of adult mosquitoes (Martens et
al., 1995). Higher temperatures (30°C) increases the number of
times eggs are laid by mosquitoes [6] and they generally develop
faster and feed (blood meals) earlier in their life cycle [27]. At 16°C,
larval development may take more than 45 days (reducing the
number of mosquito generations and putting the larvae at in-
creased risk of predators) [8]. Below 20°C, the life cycle of
P. falciparum is limited [29].

Relative humidity was positively correlated with malaria at the rural
setting and significantly so at one month lags. On the other hand, it
was negatively correlated with malaria at the urban setting. Howev-
er, it had weak positive and negative correlations with malaria at
the peri-urban area at different time lags. Correlation between hu-

midity and malaria incidence has a direct relationship whiles that
between maximum temperature and malaria incidence gave an
indirect relationship. Temperatures of 20°C to 30°C and humidity
greater than 60% are optimal for Anopheles to survive long enough
to acquire and transmit the parasite [23].

Besides climatic factors, there are many variables that affect malar-
ia transmission, other non-climatic factors such as nearby water-
courses, vegetation index and soil type in the immediate surround-
ings [28]. Other factors include vector species, human activities,
socio-economic conditions like developmental changes such as
construction, housing and living conditions, adopted control
measures, local ecological environment, suitability for mosquito
vector (vegetation, introduction of irrigation schemes) and drug
resistance in malaria parasites [24]. Akropong being a rural com-
munity has majority of its residents being farmers and they normal-
ly farm close to their homes.

Atonsu has a characteristic of an urban poor community [17]. The
complex factors contributing to malaria risk in urban areas are not
fully understood but evidence is rapidly accumulating that the ur-
ban poor are at far higher risk from malaria than previously
acknowledged [30]. This is in accordance with findings at Atonsu,
an urban setting that has similar malaria burden like the rural com-
munity in our study. This may be due to several factors including
open eaves without ceiling allowing easy mosquito entry and inabil-
ity to afford indoor residual insecticides. Again, farming as well as
commercial activities contribute to the creation of insect-breeding
sites [30]. Although the maximum temperature was slightly above
the optimal value of 30°C, both the total rainfall and the relative
humidity favored mosquito-breeding which contributed to the high
number of malaria cases.

Conclusion

We have investigated the relationship between climatic variables
and malaria case incidence in three eco-epidemiological settings;
rural, peri-urban and urban areas in the forest zone of Ghana and
have observed different effects of rainfall, temperature and relative
humidity on the incidence of malaria in these settings.

The result of this study indicates that climatic variables scale can
be useful and are relevant for malaria forecasting and control.
Knowledge of climate variability and its effect on the incidence of
malaria on a micro geographic scale has the potential to be useful
to predict malaria outbreak before its occurrence, either to
strengthen control measures enough to prevent the outbreaks or at
least to create adequate facilities for the appropriate treatments.

Recommendation

Further study is needed over a longer period to validate the results
of the present study. As long-term weather forecasting becomes
more accurate, it may even be possible to forecast the weather that
might trigger an outbreak. It is also recommended that there should
be more collaboration between malaria epidemiologist and climatol-
ogist to foster the use of mutual information on malaria indices and
climatic data to foster the development of strong systems of sur-
veillance and early warning systems to prevent epidemics.
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