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Abstract
Malaria remains a major public health concern in the sub-Saharan Africa The climate variabil-
ity, especially rainfall, influences malaria transmission via mosquito breeding habitats with re-
gional variations. This study evaluated the correlation between malaria incidence rates and rainfall
patterns from 2020 to 2022 in Nigeria, Mozambique, and the Democratic Republic of Congo

countries, alongside a descriptive epidemiological review of national control policies.

The results showed that malaria incidence in Nigeria declined from 313.76 to 305, in Mozam-
bique from 234 to 223, and the Democratic Republic of Congo from 330 to 310. Correlation anal-
ysis showed a strong negative relationship between rainfall and malaria incidence in Nigeria (r= -
0.765) and Mozambique (r= -0.991), but a strong positive correlation in the Democratic Republic
of Congo (r= 0.895). Nigeria showed the effective control measures, followed by Mozambique.
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Introduction

Malaria remains a significant global public
health problem, especially in the tropical and
sub-tropical regions, with a disproportionate
burden in sub-Saharan Africa (WHO, 2020).
It is a preventable and treatable disease cau-
sed by Plasmodium spp. transmitted by the
bites of infected mosquitoes. Although effe-
ctive control and prevention strategies exist,
challenges such as drug and insecticide resi-
stance, limited access to healthcare, and ina-
dequate funding continue to hinder progress
(O’Meara et al, 2004).

This study examined the correlation betw-
een malaria incidence rates and climate vari-
ations, specifically rainfall patterns, by focu-
sing on three sub-Saharan African countries,
Nigeria, Mozambique, and the Democratic
Republic of Congo. Data from 2020 to 2022
were collected and analyzed. Rainfall was
selected as a key variable due to evidence
from previous studies indicated that stagnant
water, resulting from heavy rainfall, serves
as a breeding ground for malaria vectors,
mainly during eggs, larvae and pupae devel-
opments (Smith et al, 2007). Also, descrip-
tive epidemiological analysis was conducted
to assess the policies and control measures
implemented in the selected countries to
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combat malaria. This approach provides in-
sight into regional efforts and helps identify
gaps and strengths in the current intervent-
ion strategies.

While numerous studies have explored the
epidemiology of malaria in sub-Saharan Af-
rica, relatively few have specifically exam-
ined how climate variability, especially rain-
fall pattern, directly influences on regional
incidence over time. The majority of literat-
ures concentrated on the impact of climatic
factors without referring malaria vectors.
Also, studies tend to overlook analyzing the
national malaria control policies across dif-
ferent sub-Saharan African countries, which
could have feasible strategies for reducing
malaria in other regions.

No doubt, malaria epidemiology, role of
climatic factors as rainfall, mosquito breed-
ing habitats, and national control policies in
sub-Saharan Africa are critical. To cover this
gap this study focused on Nigeria, Mozamb-
ique and the Democratic Republic of Congo.

According to the 2022 report, the Sub-Sa-
haran Africa accounted for 233 million out
of 249 million malaria cases reported global-
ly and approximately 594,000/619,000 ma-
laria-related deaths over 94% (Venkatesan,
2024). About 50% of world malaria cases
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were due to (27%) in Nigeria, (12%) in the
Democratic Republic of the Congo and
(4%) in Mozambique (Li et al, 2024).

Climatic influences on malaria transmis-
sion: Rainfall and temperature play a critical
role in malaria transmission by creating fa-
vorable co-nditions for Anopheles breeding
places and parasitic development (Gubler,
1996). Heavy rainfall leads to stagnant water
pools which serve as breeding sites, increas-
ing vector populations and transmission risk.
However, few studies have disaggregated
these effects for West and Central African
countries like Nigeria and the Democratic
Republic of Congo, where ecological and
socio-economic contexts differ significantly.
This gap highlights the need for country-
specific analyses of rainfall and malaria rela-
tionships.

Ecology of Anopheles spp., mainly An. ga-
mbiae, is closely related to rainfall-driven
breeding habitats (Takken and Knols, 1999).
Fuller et al. (2012) found that An. arabiensis
is an opportunistic feeder and efficient vect-
or of P. falciparum in Africa and may inva-
de areas outside its normal range, separated
by expanses of barren desert. WHO (2023)
added that An. stephensi an alarming resista-
nce to insecticides, such as DDT & pyreth
roids, spreading is a major potential threat
to African malaria control by tolerating poll-
ution, and different climatic and environm-
ental conditions and detected in Ethiopia,
Sudan, Somalia, and now in Nigeria and Ke-
nya. Other African Anopheles bite usually at
night indoors, but An. stephensi bites at dusk
when outsides air is still warm, limiting the
effectiveness of insecticidal nets.

Temporary water bodies formed during
rainy seasons favor the development of larv-
ae to emerging adults; yet regional habitat
suitability variations is still under explored.
For instance, southern Nigeria’s high rainfall
supports more breeding sites, but Mozamb-
ique’s coastal ecology presents unique chall-
enges. The existing studies showed that the
climatic impacts without focusing on how
specific breeding habitats influence transm-
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ission dynamics; a limitation study seeks to
address via targeted correlation analyses.

Effective malaria control relies on interve-
ntions as insecticide treated nets (ITNs), ind-
oor residual spraying (IRS), and Artemisin-
in® (ACTs) based on the combined therapies
(NMEP, 2014). Nevertheless, studies on the
malaria transmission were insignificantly re-
lated to ITN coverage, although much could
be achieved in attempts to curtail malaria tr-
ansmission through enhanced ITN coverage
(Okunlola et al, 2021). Mozambique has im-
plemented the seasonal malaria chemoprev-
ention, and IRS, but with less comprehens-
ive coverage. The control measures in the
Democratic Republic of Congo were hampe-
red by logistical challenges and conflict, re-
sulted in the higher incidence and variability
(Ntuku et al, 2016).

This study aimed to evaluate the relation
between rates of malaria incidence and rain-
fall from 2020 to 2022years in Nigeria, Mo-
zambique, and the Democratic Republic of
Congo.

Material and Methods

Malaria incidence data in Nigeria, Moza-
mbique, and the Democratic Republic of Co-
ngo were cited from WHO reports of years
2020 to 2022, and annual rainfall data were
sourced online on World Meteorological Or-
ganization website. Pearson’s correlation co-
efficient assessed the relations between rain-
fall, and malaria incidence. The variation co-
efficient also calculated for both variables to
evaluate data stability. Microsoft excel was
used for graphical representation. A descrip-
tive epidemiological review was conducted
to assess the effectiveness of individual ma-
laria control policies.

In respect to background of this study, sta-
tistical data were collected on three sub-Sah-
aran African countries, focused on malaria
incidences from 2020 to 2022 (WHO, 2023).
The countries were selected based on the fa-
ct that they have higher malaria incidence
rates, according to the current data that can
help to solve malaria problem before 2020"
years.



In this study, malaria incidence rate was
defined by annual number cases/1,000 popu-
lation at risk. To know the correlation bet-
ween climate changes and malaria incidence
rates, the annual rainfall patterns selected
sub-Saharan African countries were from the
World Meteorological Organization website.
For Nigeria, the southern region was select-
ed for analysis, with its higher rainfall com-
pared to the northern region. But, the malar-
ia incidence rate in the Democratic Republic
of Congo for 2022 year was not yet publis-
hed by the WHO, and, the malaria incidence
rate was predicted for the year 2022 based
on the available data, in order to avoid errors
in calculations.

After data collection, statistical analysis
was done using appropriate formulas like the
coefficient of variation formula (V= Stand-
ard deviation/Meanx100) to determine the
coefficient of in the malaria incidence varia-
tions from 2020 to 2022, and for the rainfall
patterns. Besides, correlation analysis was
carried out to examine relationship between
malaria incidence rates and rainfall patterns
from 2020 to 2022 using the Pearson’s corr-
elation coefficient (r). Microsoft excel was
used to visually to represent the graphical re-
presentation of the line charts of both malar-
ia incidence rates and rainfall patterns, and
to know the feasible control measures, to be
recommended to country with a high posit-

ive malaria and rainfall to minimize errors.
Results

In 2021, Nigeria had a malaria incidence
rate of 306, Mozambique recorded 229, and
the Democratic Republic of Congo had a ra-
te of 320. In 2022, Nigeria had a malaria
inrate of 305; Mozambique showed 223, but
for the Democratic Republic of Congo were
310.

Rainfall patterns for these countries from
2020 to 2022 are as follows: Nigeria record-
ed 1,800mm, 1,850mm, & 2,000mm; Moz-
ambique had 950mm, 1,00mm, & 1,10mm,
and the Democratic Republic of Congo reco-
rded 1,545mm, 1,534mm, & 1,386.10 mm.

Statistically showed Nigeria had a coeffi-
cient of variation of 1.27% for malaria inci-
dence rate and 4.51% for rainfall patterns,
with a co-rrelation coefficient (r) of -0.765
between malaria incidence and rainfall.
Mozambique had a coefficient of variation
of 1.97 % for malaria incidence rate and
6.13% for rainfall patterns, with r=-0.991.
The Democratic Republic of Congo had a
coefficient of variation of 2.55% for malaria
incidence rate and 4.87% for rainfall pat-
terns, with a (r) of 0.895. Nigeria has nearly
the best effective control measures for eradi-
cating malaria, followed by Moza-mbique
and the Demaocratic Republic of Congo.

Details were given in tables (1, 2, & 3),
and figures (1, 2, & 3).

Table 1: Annual malaria rate per 1000populations

Variations 2020 2021 2022
Nigeria 313.76 | 306 305
Mozambique 234 229 223
Congo (DRC) 330 320 310
Table 2: Annual rainfall in mm

Variations 2020 2021 2022
Nigeria 1800 1850 2000
Mozambique 950 1000 1100
Congo (DRC) 1545 1534 1386.1

Table 3: Coefficient variations of MIR% & RPs% & between MIR & RPS

Variations Malaria Incidence | Rainfall pattern | Coefficient r
Nigeria 1.27 4.5 -0.765
Mozambique 1.97 6.13 -0.991
Congo (DRC) 2.55 4.87 0.895
Discussion three dealt with countries showed specific

Analysis of the malaria incidence rates and
rainfall patterns from 2020 to 2022 in the
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variations in malaria burden, environmental-
factors, and effectiveness control strategies.



Nigeria showed a slight but marked decr-
ease in malaria incidence, from 313.76 per
1,000 populations in 2020 to 305 in 2022,
due to stable malaria control landscape, un-
derpinned by sustained interventions such as
insecticide treated nets, indoor residual
spraying, and improved antimalarial treat-
ments (Okorosobo et al, 2020). But, slow
reduction pace indicated that room for en-
hanced programmatic efficiency and cover-
age is a must.

Mozambique reported a more pronounced
decline from 234 in 2020 to 223 in 2022.
The steady downward trajectory reflected
moderately effective control measures. But,
the country didn't exhibit the same policy ro-
bustness as Nigeria; its malaria control effo-
rts were adequately structured to drive cons-
istent reductions in incidence. The Democr-
atic Republic of Congo showed a decline
from 330 in 2020 to a rate of 310 in 2022,
with the slowest rate of improvement among
the three countries. The World Bank (2024)
is helping to fight poverty and improve the
living standards for the people of the Demo-
cratic Republic of Congo, via education, en-
ergy, health and other vital social services

In this study, as to variability in malaria
and rainfall, Nigeria exhibited the low mala-
ria variability incidence (V=1.27%), with a
highly stable epidemiological profile, with
moderate rainfall variability (V=4.51%), and
minimal apparent influence on incidence rat-
es, due to effective intervention coverage
buffering the environmental fluctuations eff-
ects (Amadi et al, 2021).

Mozambique recorded a moderately low
variability in malaria incidence (V= 1.97%)
with highest rainfall variability (V= 6.13%).
Despite the greater fluctuation in precipitat-
ion, malaria incidence continued to decline,
suggested that interventions remain effecti-
ve even under varying climatic conditions.
The Democratic Republic of Congo showed
highest incidence variability (V= 2.55%),
reflected inconsistent malaria control efforts.
Rainfall variability (V= 4.87%) was similar
to that of Nigeria, yet the Democratic Re-
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public of Congo epidemiological instability
pointed to systemic weaknesses in the inter-
vention consistency and coverage. Deutsch-
Feldman et al. (2021) reported that despite
evidence that older children and adolescents
bear the highest burden of malaria, large ma-
laria surveys focus only on younger chil-
dren. They concluded that 5-14-year-old ac-
counted for a large proportion of malaria
infections in the DRC, and that attempt to
assess malaria burden in highly endemic co-
untries like the DRC need to include this age
stratum in malaria surveys.

In the present study, as to the relation bet-
ween malaria incidence and rainfall patterns
showed diversity. In Nigeria, the highly ne-
gative relation between rainfall and malaria
incidence showed that increased rainfall may
disrupt vectors breeding habitats by flooding
and/or intensified control activities in rain
season mitigate transmission risk, & urbani-
zation, infrastructure improvements, and so-
cio-economy have their marked input (Keat-
ing et al, 2010).

In Mozambique, the more or less negative
correlation showed that higher rainfall was
associated with low malaria incidence, with
the continuous environmental control strate-
gies and/or the natural impact of rainfall on
the vectors habitats (Chaves et al, 2012).

However, the Democratic Republic of Con-
go displayed a strong positive correlation,
with declining rainfall corresponding to red-
uced malaria incidence, with conventional
malaria models of transmission, where rain-
fall creates conducive breeding environme-
nts for mosquitoes (Panzi et al, 2022).

Al-Agroudi et al. (2018) in a retrospective
study over three years among 99 Peace Ke-
eping Forces in Africa back to Egypt found
that they were malaria patients from Central
Africa (41), Darfur (38), DR Congo (11),
Nigeria (3), Chad (2) and 1 from to each of
Djibouti, Kenya, Rwanda, or Tanzania, and
the Plasmodium species were P. falciparum
(83), P. vivax (9), P. ovale (1) & mixed spe-
cies (5).

The present study covered only three years



(2020 to 2022), the predicted malaria incide-
nce for the Democratic Republic of Congo
in 2022, based on available data, introduced
potential uncertainty, but actual data would
add more facts. Generally, malaria incidence
and prevalence depends depend on climatic
changes, with have input mainly the vectors
and insecticides is a must in malaria eradica-
tion (Hemingway et al, 2016).

Conclusion

The study highlighted that the rainfall’s
influence on malaria incidence was moder-
ated by the effectiveness of national control
strategies. Strengthening region-specific in-
terventions is the key for malaria eradication
or even reduction in the sub-Saharan Africa.
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Explanation of figures
Fig. 1: Malaria incidence rate versus rainfall in Nigeria.
Fig. 2: Malaria incidence rate versus rainfall in Mozambique.
Fig. 3: Malaria incidence rate versus rainfall in Congo (DRC).
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