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Abstract

It is often difficult to define the relationship and the influence of climate on

the occurrence and distribution of disease. To examine this issue, the effects of

climate indices on the distributions of malaria and meningitis in Nigeria were

assessed over space and time. The main purpose of the study was to evaluate

the relationships between climatic variables and the prevalence of malaria and

meningitis, and develop an early warning system for predicting the prevalence

of malaria and meningitis as the climate varies. An early warning system was

developed to predetermine the months in a year that people are vulnerable to

malaria and meningitis. The results revealed a significant positive relationship

between rainfall and malaria, especially during the wet season with correlation

coefficient R2 ≥ 60.0 in almost all the ecological zones. In the Sahel, Sudan

and Guinea, there appears to be a strong relationship between temperature

and meningitis with R2 > 60.0. In all, the results further reveal that tempera-

tures and aerosols have a strong relationship with meningitis. The assessment

of these initial data seems to support the finding that the occurrence of menin-

gitis is higher in the northern region, especially the Sahel and Sudan. In con-

trast, malaria occurrence is higher in the southern part of the study area. We

suggest that a thorough investigation of climate parameters is critical for the

reallocation of clinical resources and infrastructures in economically under-

privileged regions.
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1 | INTRODUCTION

The climate–health relationship is now an issue of con-
cern for health policies in many countries because of the
total number of people at risk, the age structure of the
population and the density of the settlements. Inter-
annual climate variability has been known to be the pri-
mary cause of the annual changes in the occurrences of

malaria in Africa (Afrane et al., 2004; Omumbo
et al., 2011; Chirombo et al., 2020). Malaria and meningi-
tis are among the most important causes of morbidity
and mortality, especially in African countries. Under-
standing the climate conditions that drive malaria and
meningitis occurrence, future patterns and transmission
determines the efficient control programmes and contin-
gency plans to be put in place before a major outbreak.
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Potentially 400 million people are exposed to meningitis
within the West Africa belt, resulting in 25,000 to 250,000
victims every year; the occurrence of meningitis epi-
demics occurs in the local dry season, when there is a
substantial amount of dust in the atmosphere. Environ-
mental change increases the risk of meningitis in Africa,
especially in the Sahel region of West Africa which is
immediately after the Sahara desert (Molesworth
et al., 2003; Sultan et al., 2005; De Longueville
et al., 2013).

In recent years, several studies on the interaction
between climate and human health have greatly empha-
sized the role of climate change in determining the rise
in malaria occurrence in the highland areas in Africa
where temperature in place of rainfall is the dominant
parameter in the study. Some of these studies have
suggested that climate can affect infectious disease pat-
terns because disease agents (viruses, bacteria and other
parasites) and their vectors are highly sensitive to tem-
perature, moisture and other ambient environmental
conditions (Ameneshewa, 1995; Appawu et al., 2004;
Boakye et al., 2004). Malaria and meningitis are distrib-
uted mainly throughout the warmer regions of the world,
and Nigeria is one of the countries in which they are hol-
oendemic. The yearly economic loss due to malaria in
Nigeria has been put as 12 billion Naira due to cost of
treatment, loss of working hours, absenteeism from
school and other indirect costs not only on the country's
income but on the rate of economic growth and invari-
ably on its level of economic development. Thus, malaria
places a staggering economic burden on the already
strained national economics. It has been hypothesized
that variations in climatic conditions could be the critical
factor that influences the geographical range and inten-
sity of malaria transmission in endemic areas. Other risk
factors such as climate changes were implicated for a pos-
sible role in the Nigeria malaria mortality rate. Notwith-
standing in recent times, not much has been done on the
impact of climatic indices on both malaria and meningi-
tis in Nigeria. While some studies have focused on the
socio-economic impact of man on the prevalence of these
diseases in both Nigeria and other African countries,
none has provided a model that will serve as an early
warning system in endemic locations (Siamudaala, 2006;
Sindato et al., 2011).

Despite the effort in achieving these results, the rela-
tionship between climatic indices and epidemics remains
unclear. For this reason, this study aims at examining the
intimate relationship between variability in climatic indi-
ces (precipitation, temperature and aerosol) and the
occurrences of malaria and meningitis across the differ-
ent tropical ecological zones in Nigeria. Since Nigeria is
one of the fastest growing countries in Africa in terms of

population and economic development, the social impli-
cations of this study may be paramount. The motivation
of the study is based on three research questions:
(a) What are the indicators of climate variability in the
study area? (b) What are the drivers of malaria and men-
ingitis spatiotemporal distributions in the study area?
(c) Also, are there relationships between climatic vari-
ables and the prevalence of meningitis and malaria?
Hence, the study investigates the prevalence of malaria
and meningitis with regard to the changes in the distribu-
tion of precipitation, temperature and aerosol, alongside
creating a model that will serve as an early warning
system.

2 | DATA AND METHODS

Both satellite climatology data and epidemic (malaria
and meningitis) data were used in this study. Satellite cli-
matology data, including precipitation, minimum and
maximum temperature from January 2000 to December
2018, and aerosol optical depth (AOD) from January
2000 to December 2018, were retrieved from satellite
observations. These data scale from January to
December, showing the variability in each month. The
dataset covers the ecological zones in Nigeria (Figure 1),
the Sahel savannah, Sudan savannah, Guinea savannah,
rainforest, freshwater and the mangrove swamp. The
mangrove is located in the coastal regions, in the south-
ern part of Nigeria, especially in the Niger Delta. It is also
found in the low swampy land that is associated with riv-
ers and lagoons under the influence of the sea; this type
of ecological zone is the type that nurtures the breeding
of mosquitoes since the soils are poorly aerated. The
freshwater forest is mainly found in the inland region;
the plant types here are palm and fibre plants. The tropi-
cal forest is an ecological zone characterized by biodiver-
sity; it stretches from the western border of Nigeria to the
Benin Republic and along the Niger–Benue river system.
Guinea savannah is found in the middle of the country,
the west and north. The Sahel savannah is found in the
northeastern states and is affected by extreme weather.
The montane zone is found in the mountainous areas,
while Sudan savannah is located in the northwestern
region.

In the study area, the daily temperature is sometimes
above 35–38�C depending on the location; the monthly
mean value falls to around 27�C. The intertropical con-
vergence zone includes the warm, tropical-maritime air
mass that originates from the Atlantic Ocean over the
southern part of Nigeria and the dry, dusty, tropical-
continental air mass which originates from the Sahara
desert over northern Nigeria. The Sahara desert is a
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significant indicator of climatic variability in Nigeria:
temperature increases around March–April moving
northward, after a low period in January, while the inter-
tropical convergence zone (rainfall) causes a low temper-
ature in the north in August when the sun migrates
southward (Ayanlade et al., 2019). Climate datasets of the
Moderate Radiometer Imaging Spectroradiometer and
Tropical Rainfall Measuring Mission (TRMM) for these
ecological zones were assessed from the National Oceanic
and Atmospheric Administration (NOAA). The principal
climate variables considered are rainfall, temperature
and aerosol (Table 1).

The analysis of climate indices (Table 1) was carried
out using precipitation and precipitation estimate per-
centages. The calculation of percentage occurrence of cli-
mate conditions suitable for the transmission of malaria
and meningitis was initiated based on climate indices.
Numerous climate indices have been projected for cli-
mate change and its effect. The principal climate vari-
ables usually considered are with respect to rainfall,
temperature and humidity (Dale et al., 2001; Caminade
et al., 2014). Since Nigeria is a tropical country, it follows
that these indices will be mainly peculiar to the tropics.

These are discussed in Table 1. Descriptive statistical
techniques were adopted; maps and charts were devel-
oped to show the estimate and trend of climatic indices,
which include precipitation, AOD and maximum and
minimum temperature. The pattern of the climatic index
(Table 1) was compared with the malaria and meningitis
dataset to show the relationship between the diseases
and climatic indices. An early warning system model was
developed to project the possibility of malaria and menin-
gitis occurring at specific periods of climatic extremes.
Numerous climate indices have been projected for cli-
mate change and its impacts on health (Jessel
et al., 2019).

3 | CLIMATE VARIABILITY AND
OCCURRENCE OF MALARIA AND
MENINGITIS

In each ecological zone, the results show variations in
both rainfall and temperature for each season. The two
seasons in Nigeria are the wet and dry seasons. The cli-
mate of an area can be best understood through annual

FIGURE 1 Map of the study area, showing distinct ecological zones with the specific locations of data collection (the red points)
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TABLE 1 Climate indices estimated to be responsible for the prevalence of malaria and meningitis

Climate indices Prevalence of malaria and meningitis

Rainfall
indices

Heavy precipitation days: number of
days with precipitation ≥1 mm

Highest effective precipitation during
a consecutive 7 day period

Highest effective precipitation during
a consecutive 14 day period

Highest effective precipitation during
a consecutive 30 day period

Climate indices estimated to be
responsible for the outbreak and
prevalence of malaria at a
particular location are:

Average precipitation greater than
80 mm

Temperature ranging from 180�C <
T < 32�C

Relatively humidity (>60%)

The outbreak and prevalence of
meningitis at a particular location
is estimated to be due to various
indices such as:

Temperature— meningitis thrives
during warm seasons

Wind that carries dust and aerosols
When the threshold of dryness
reaches 40%

Temperature
indices

Mean daily maximum temperature
in �C

Mean daily minimum temperature
in �C

Maximum consecutive days with daily
maximum temperature above 15�C
in days

Warm night/hot night frequency:
percentage of days when daily
minimum temperature (TN) 90th
percentile

Aerosols The relative amount of aerosols—solid
and liquid particles suspended in
the atmosphere influenced by the
action of wind and precipitation/
ITCZ were estimated

Abbreviations: ITCZ, intertropical convergence zone.

TABLE 2 Annual and seasonal variations in climatic indices in ecological zone seasons

Ecological zone

Annual variation
Maximum temperature
(�C) 2002–2018

Minimum temperature
(�C) 2002–2018

Average rainfall (mm)
2002–2018

Average aerosol
2000–2018

Mean SD Mean SD Mean SD Mean SD

Sahel 32.74 2.17 21.06 2.85 435 23.45 0.55 0.04

Sudan 31.61 2.76 20.06 2.13 498 31.21 0.51 0.05

Guinea 30.86 2.30 20.76 1.97 503 41.08 0.41 0.08

Rainforest 29.56 1.43 20.46 1.08 698 87.01 0.34 0.03

Freshwater 27.42 1.23 19.33 1.91 1,002 92.12 0.19 0.08

Mangrove 27.62 1.09 18.34 3.02 1987 103.13 0.18 0.05

Seasonal variation

Dry Wet Dry Wet Dry Wet Dry Wet

Sahel 33.68 31.87 29.36 21.25 54.18 676 0.54 0.49

Sudan 33.13 31.25 29.32 29.71 61.02 749 0.51 0.42

Guinea 32.57 29.43 28.85 27.08 73.37 896 0.40 0.20

Rainforest 31.87 28.63 28.72 27.57 110.65 932 0.26 0.18

Freshwater 30.47 26.32 27.92 26.15 198.58 1,343 0.21 0.15

Mangrove 30.68 25.57 27.59 26.49 219.57 2,708 0.21 0.14
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or seasonal averages of rainfall and precipitation
(Table 2). The average aerosol is more significant in the
Sahel and Sudan zones, compared to the freshwater and
mangrove zones (Table 2). The mean annual rainfall is

generally higher in the rainforest, freshwater and man-
grove zones compared with Sahel and Sudan (Table 2).
In contrast, the Sahel and Sudan ecological zones experi-
ence higher temperatures than other ecological zones.

FIGURE 2 Rainfall and temperature monthly frequency and malaria occurrences: A, Sahel; B, Sudan; C, Guinea; D, rainforest; E,

freshwater; F, mangrove
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The results in Table 2 reveal the seasonal climate vari-
ability with many variations from dry to wet seasons.
Both freshwater and mangrove ecological zones experi-
ence higher annual (seasonal) rainfall, with rainfall
>1,000 mm during the wet season. However, the Sahel,
Sudan and Guinea ecological zones experience deficient
precipitation, mostly rain during 3–6 months, with
annual rainfall ranging between 100 mm and 1,000 mm.
In the Sahel and Sudan, the temperature is at its highest
(≥30�C) during the dry seasons, with maximal tempera-
tures rising as high as 40�C in some years.

Variations in monthly rainfall and temperature are
visible in all the ecological zones. The temperature dis-
tribution appears relatively high across the environ-
mental zones with temperature >20�C throughout the
year (Figure 2). Precipitation increases from the north-
ern part of Nigeria to the south, while temperature var-
ies over the ecological zones. On the other hand,
rainfall appears highly variable in all ecological zones.
(Figure 2). In rainforest, freshwater and mangrove
zones, for example, the annual precipitation in some
years is greater than 1,041 mm with temperature rang-
ing from 19�C to 30�C and these climatic indices are
suitable for malaria prevalence. Generally, in the vari-
ous ecological zones, the rate of precipitation is high
because Nigeria is a tropical region of the world. For
meningitis, the climatic index is the aerosol. The Sahel
has an aerosol that ranges from 0.4 to 0.57, which is
the highest density of aerosol; the rate of meningitis in
this ecological zone will be the highest (Table 2, Figure
3). The Sudan zone aerosol ranges from 0.42 to 0.25,
while the aerosol falls within 0.47 to 0.35 in the Guinea

zone. Rainforest has an average aerosol of 0.17 to 0.30.
In freshwater and mangrove zones the aerosol ranges
from 0.15 to 0.21 (Table 2). Aerosol density in the
north is higher, and it declines towards the south. This
is a result of the northeastern trade wind, originating
from the Sahara desert and flowing into Nigeria from
the north.

Each ecological zone shows a distinct rate of malaria
transmission. The monthly malaria occurrence is an indi-
cation of the monthly variation in rainfall (Figure 2). The
malaria transmission in the ecological zones are indica-
tors of the corresponding amount of rainfall variability as
presented in Figure 2. The months with the highest risk
of malaria occurrence are July to September in the Sahel
zone, while May to October have the highest risk of
malaria occurrence in the Sudan zone. Figure 2 further
reveals that the months with the highest risk of malaria
occurrence are March to October for the Guinea zone;
February to November for the rainforest zone; January to
December for the freshwater and mangrove ecological
zones.

Figure 3 shows the pattern of malaria transmission
throughout the ecological zones. From Sahel to Guinea
savannah, between 1 and 5 months are ideal malaria the
transfer of malaria, but between 5 and 9 months for the
southern ecological zones. This distribution is in line
with the spatial and temporal variability in precipitation.
Precipitation is higher in the southern region of Nigeria
than in the north (Figure 3). The results of the climate
indicator and suitability for meningitis transmission also
revealed further variations for each ecological location
(Figure 4).

FIGURE 3 The number of months suitable for malaria and meningitis transmission
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The amount of AOD in a particular location influ-
ences the transmission of meningitis in such places
(Figure 4). The monthly distribution of aerosol in Sahel
savannah peaks in February and extends to April,
2 ≥ AOD ≥ −1. The Sudan savannah shows a similar
trend to Sahel savannah, 2 ≥ AOD ≥ −1. The disparity in
AOD between Guinea and Sudan slight increase in April
but May to December apears considerable varied with,
2 ≥ AOD ≥ −1 in Figure 4. For the rainforest zone, the
highest AOD is in April, followed by February, while the
lowest amount is in June 2.5 ≥ AOD ≥ −1 (Figure 4).
The freshwater has a similar occurrence of AOD with the
rainforest green zone (Figure 4). For all the locations,
the months with the highest AOD experiences show the
highest rate of meningitis for the period of the study.

4 | INFLUENCE OF CLIMATIC
INDICES ON MALARIA AND
MENINGITIS DISTRIBUTION

Table 3 shows the correlation coefficient for all the eco-
logical zones. The correlation coefficient signifies the
degree to which the rainfall, dust and temperature affects
malaria and meningitis distributions over different sea-
sons. All the ecological zones show a positive correlation

between climate variables and malaria distribution
within a year. The results reveal a significant positive
relationship between rainfall and malaria, especially dur-
ing the wet season with correlation coefficient R2 ≥ 60.0,
in almost all the ecological zones. However, meningitis
rainfall has less influence on the spread of meningitis
with correlation coefficient R2 < 35.0 during both dry
and wet seasons in all the ecological zones. A strong posi-
tive relationship between rainfall and malaria was noted,
for example, in freshwater and mangrove zones, with a
correlation coefficient R2 = 72.13 and 70.09 respectively
during the wet season. Still, the relationship between
rainfall and meningitis in all ecological zones appears
weak (Table 3).

The results imply that rainfall does not have a signifi-
cant influence on meningitis transmission. In the Sahel,
Sudan and Guinea, there appears to be a strong relation-
ship between temperature and meningitis with R2 > 60.0.
The influence of temperature on malaria is prominent in
the Sahel zone with a correlation coefficient R2 = 65.23
(Table 3). These results imply that temperature has a
more substantial impact on meningitis than malaria. On
the other hand, meningitis is most affected by aerosol,
especially in the Sahel, Sudan and Guinea savannah com-
pared to different ecological zones. What is evident from
these results is that meningitis exhibits the strongest

FIGURE 4 Chart showing the correlation between dust/temperature and the prevalence of meningitis
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correlation with temperature and aerosol, while malaria
has a strong relationship with precipitation (Table 3).

These results are a reflection of the predicted proba-
bility of malaria, which is much more during the wet sea-
son, but the predicted probability of meningitis is much
more during the dry season, especially in the Sahel and
Sudan ecological zones (Table 4). Some studies have
reported that malaria transmission was highly seasonal
due to climatic conditions; these occurrences are much
more frequent in recent times due to climate change
(Asadullah et al., 2008; Samdi et al., 2012; Ayanlade
et al., 2013; Maggioni et al., 2016; Nandargi, 2016;
Guofeng et al., 2017; Sergi et al., 2019). Meningitis is pre-
dominant during the dry season. This suggests that vari-
ability in climatic elements such as low precipitation,
high temperature and aerosol are responsible for this

(Frederick, 2013; Ayanlade et al., 2015). Ayanlade
et al. (2015) has earlier noted that the northern part of
Nigeria is the most affected by meningitis. The difference
between their study and the present study is the extent of
the present study which covers the whole country and
considers impacts of climate change not only on meningi-
tis but also on malaria. The present study further
develops climatic indices for both malaria and meningitis
and predicts the probability of a malaria and meningitis
epidemic. The major findings are that meningitis is
greatly influenced by the northeast trade wind which
moves dust, as the wind blowing from the northern part
Sahara through Niger (Middleton and Goudie, 2006;
Ayanlade et al., 2015).

It has been reported in the literature also that knowl-
edge of climate variability over some time with records is

TABLE 3 The relationship and influence of climatic indices on the occurrence of malaria and meningitis in different ecological zones

in the study area

Ecological zone

Rainfall Temperature Dust

SS Malaria Meningitis Malaria Meningitis Malaria Meningitis

Sahel DS 17.34 34.54 21.43 72.01 11.71 71.67

WS 68.12 16.29 65.23 32.01 09.98 31.03

Sudan DS 12.02 21.87 12.56 70.12 10.66 70.01

WS 60.51 14.72 32.45 33.87 11.43 29.51

Guinea DS 15.21 11.69 10.01 64.22 19.55 61.34

WS 61.78 10.09 29.69 35.89 12.05 23.78

Rainforest DS 45.03 10.34 12.77 40.01 12.90 24.05

WS 70.01 09.04 23.78 15.44 14.34 34.13

Freshwater DS 58.92 09.03 14.06 07.18 08.06 19.56

WS 72.13 05.31 55.78 06.05 01.18 15.47

Mangrove DS 60.45 10.07 13.56 15.67 06.67 10.88

WS 70.09 04.07 58.56 02.07 04.91 08.98

Abbreviations: DS, dry season; SS, season; WS, wet season.

TABLE 4 Predicted probability of malaria and meningitis epidemic

Predicted probability of malaria Predicted probability of meningitis

West East West East

Ecological zone DS WS DS WS DS WS DS WS

Sahel 0.12 0.24 0.11 0.22 0.51 0.38 0.48 0.28

Sudan 0.14 0.36 0.10 0.27 0.42 0.32 0.54 0.23

Guinea 0.13 0.38 0.11 0.23 0.23 0.19 0.10 0.13

Rainforest 0,23 0.48 0,19 0.47 0.03 0.04 0.03 0.07

Freshwater 0.21 0.48 0.20 0.46 0.03 0.02 0.17 0.05

Mangrove 0.22 0.51 0.32 0.49 0.02 0.01 0.09 0.08

Abbreviations: DS, dry season; WS, wet season.
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essential to understand the nature of some illnesses
(Henne et al., 2018). While meningitis occurs in every
part of the world, the highest rate is recorded in Sub-
Saharan Africa (Besancenot et al., 1997; Mohammed
et al., 2017; Novak et al., 2019; Greene et al., 2020). This
area spreads from the Gambia to Ethiopia, known as the
“meningitis belt.” Meningitis occurs mostly during the
warmer months between February and April, with a sig-
nificant effect on a large number of people in cycles of
8–12 years (Goldsmith, 2007). Climate not only defines
the seasonal and spatial distribution of disease, but also
influences the inter-annual variability of epidemics. In
long term trends, climate variability is now an issue of
concern for health policy in many countries because the
total number of people at risk, the age structure of the
population and the density of settlements are important
variables determining the socio-economic development
of any country (Meehl et al., 2007; Portier et al., 2017;
Hathaway and Maibach, 2018).

5 | CONCLUSION

In this study, the influence of temperature, precipitation
and aerosol on the seasonal distribution of malaria and
meningitis across six ecological zones in Nigeria from
2000 to 2017 were assessed using NOAA satellite data.
The satellite data were analysed using the Z test, and
the correlation coefficient was used to evaluate the
degree of influence of climatic indices on the monthly
distribution of malaria and meningitis. There are three
significant findings in this study: (a) the climatic indices
vary across ecological zones; (b) the climatic index with
the most significant influence on the event and spread
of malaria is precipitation; (c) while for meningitis tem-
perature and aerosol are the most significant climate
indices. The harmattan season experiences the highest
mean AOD. Sahel, Sudan and Guinea savannah have
the highest AOD during the dry season, while the
rainforest, freshwater and mangrove zones have the
lowest AOD during the wet season in Nigeria. There-
fore, meningitis is higher in the north than in the south
of Nigeria, and aerosol is highest during the dry season
from November through February. In contrast to men-
ingitis, malaria occurrence is higher in the south than
in the north of Nigeria, and precipitation is higher in
the south than the north. During the wet and dry sea-
son, precipitation is higher from June to September; this
is the wet season of Nigeria. Temperature is relatively
high within the year because in Nigeria, a tropical coun-
try, the relationship between temperature and meningi-
tis is higher than the relationship between malaria and
temperature.

Meningitis appeared higher during the dry season,
because aerosol has a significant influence on meningitis,
while malaria is higher during the wet season because
precipitation has a substantial influence on malaria.
Malaria and meningitis are affected by variables other
than the climatic indices, and factors like urbanization,
irrigation and agricultural practices affect malaria
(Lindblade et al., 2000; Kibret et al., 2010). In contrast,
meningitis is affected by available medical facilities, feed-
ing habits and many more. Because of the nature of its
variability or precipitation in amount and intensity in dif-
ferent ecological zones, rainfall is considered to be one of
the significant factors influencing variability in malaria
transmission (Onyango et al., 2016), only because it pro-
vides a breeding site for mosquitoes (malaria vector) to
lay their eggs and ensures a suitable humid condition to
prolong mosquito survival. The temperature determines
the ability of mosquitoes to survive as they cannot survive
under extreme temperature conditions. Aerosols, which
consist of dust, gases and water vapour, determine men-
ingitis prevalence to no small extent.

Meningitis is more predominant in January,
February, April and December throughout the year. The
reason for this is that these periods belong to the dry sea-
son in Nigeria. Meningitis is higher in the north than in
the south; the influence of dry wind blowing over the
north from the Sahara is the primary reason for this. The
climatic variable that has the most substantial impact on
meningitis is aerosol. Malaria is more predominant dur-
ing the wet season from June to September than for most
of the year. Precipitation has the most significant influ-
ence on malaria; moisture increases breeding sites for
mosquitoes. The prevalence of malaria is higher in the
south than in the north; the reason for this is that there is
more precipitation in the south than in the north of
Nigeria.

The factors affecting malaria and meningitis epi-
demics or distribution cannot be limited to climate alone.
There are non-climatic factors, whether directly or indi-
rectly, that have a significant relationship with the occur-
rence of these epidemics. The factors that affect malaria
include irrigation and agricultural practices. The migra-
tion of non-immune people creates an environment for
the epidemic. These areas are unplanned, and poor peo-
ple live in unsanitary conditions. This creates the right
environment for getting malaria. Urbanization increases
both malaria and meningitis. It leads to overpopulation
in urban centres, which causes a rapid transmission of
the diseases; aerosols are generated more in urban cen-
tres. There is a higher probability of having water-logged
areas, especially in unplanned urban centres, that will
increase the breeding of mosquitoes. Also, urbanization
is heavily connected with industrialization, at least in
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some geographical areas, which leads to the emission of
greenhouse gases which cause an increase in temperature
of the environment.

The rise in temperature increases the number of
days for a mosquito's lifecycle; high temperature is
also suitable for the transmission of meningitis. Irriga-
tion is created by building large numbers of dams and
canals, which often cause seepage from canals and a
rise in the water table, thus creating a source of still
water in which malaria vectors can breed (Kelly-Hope
and Thomson, 2008). Irrigation can increase the trans-
mission season of malaria. Dry regions require mois-
ture to carry out agricultural practices, so pipes and
drains are created to move water to the farm sites.
Leaks in the pipes and tube rupture create artificial
water bodies that serve as a breeding ground for mos-
quitoes; this seems to be contradictory to meningitis
occurrence because meningitis is predominant in dry
regions due to the presence of aerosols. Mosquitoes
are also known to feed on maize pollen, and a 2005
study reported an association between intensified
maize cultivation and higher malaria transmission in
an area of Ethiopia. Previously maize, a marginal gar-
den crop, became intensely cultivated close to homes,
with correspondingly high levels of pollen. This aspect
does not mean maize causes malaria, but it shows
how specific agro-ecological changes can accelerate it,
perhaps in an unforeseen way. The accessibility of
healthcare facilities is another fundamental determi-
nant. With regard to the prevalence of both epidemics,
when there is adequate health provision, the sustain-
ability and prevalence of the outbreaks will be
minimal.
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