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Abstract Review Article

Climate change affects a lot of public health challenges in Nigeria, this increases the incidence and severity of microbial
diseases through rising temperatures, altered rainfall patterns, and increased humidity. This study provides a review on the
impacts of climate change on microbial diseases in Nigeria, with a focus on vector borne diseases (e.g., malaria and dengue),
waterborne diseases (e.g., cholera and typhoid), respiratory infections, and zoonotic diseases (e.g., Lassa fever). The review
shows how climate driven factors like warmer temperatures and flooding can enhance pathogen spread, expand vector
habitats, and disrupt ecological balances, which increases disease transmission. It examines the impact on vulnerable
populations, such as rural communities, urban slum dwellers, women, and children, who face risks due to limited access to
healthcare, clean water, and economic resources. This review comprehensively investigates the mechanisms through which
climate change amplifies pathogen activity. It examines Nigeria’s public health issues, overloaded healthcare systems, poor
disease surveillance, and weak water, sanitation, and hygiene (WASH) structure, which worsen socioeconomic impacts
like poverty, malnutrition, and reduced productivity. Furthermore, the study proposes mitigation and adaptation strategies,
such as climate resilient health infrastructure, disease surveillance integrating meteorological data, and proper WASH
programs. With evidence from interdisciplinary sources, this review underscores the urgent need for integrated health and
climate policies to address Nigeria’s growing disease burden. It also identifies knowledge gaps, particularly regarding
pathogen evolution, to guide future research. Recommendations include strengthening the health systems, enhancing early
warning systems with climate and health data, scaling up vector control measures, improving WASH infrastructure. By
prioritizing sustainable practices, intersectoral collaboration, and interventions for all, Nigeria can tackle the growing threat
of climate related diseases, building a stronger, healthier future for current and future generations.
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patterns over time, and globally it has changed only very
slowly in the past, usually over periods of tens of
thousands of years or even millions of years which allows
time for the earth’s systems to adapt naturally and easily to

INTRODUCTION

Climate change is when the Earth's average
temperatures and weather conditions change over time

(IPCC, 2021). The world has been warming up over the
past century, as a result of this, weather patterns are
changing (BBC, 2025). Climate change is characterized
based on the comprehensive temperature and precipitation
trends and other components such as pressure and
humidity level in the surrounding environment (Abas et
al., 2022), they are largely driven by human activities like
burning fossil fuels which release greenhouse gases into
the environment. (BBC, 2025). As weather changes daily,
climate represents the statistical distribution of weather

the changing climatic conditions (NCCIS, 2021). A part of
climate change is global warming, which specifically
points to the increase in Earth's average surface
temperature due to human activities (Ryan et al., 2023).

Climate change is now widely known as the most serious
challenge for humanity (Tiedje et al., 2022). A report from
the Intergovernmental Panel on Climate Change (IPCC)
states that the situation has grown even worse, with 3.3
billion of the world’s population highly vulnerable to
climate change, and that the recent unsustainable
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development patterns are increasing exposure of
ecosystems and people to climate hazards (IPCC, 2022).
Currently, the global climate is changing much more
rapidly as a result of global warming, leading to, the
melting of polar and glacier ice, sea level rise, ocean
acidification, changes in rainfall and snowfall patterns,
more frequent floods and droughts and increased
frequency and intensity of extreme weather events, such as
tornadoes, hurricanes and cyclones (NCCIS, 2021). The
recent increase in global temperature is an effect of human
activities especially the burning of fossil fuels (Lynas et
al., 2021).

Historical Context of Climate Change

Since earth was formed about 5 billion years ago,
the factors determining its climate state have been
changing repeatedly (Nortz, 2020). In 1896, Svante
Arrhenius, a Swedish scientist, published a novel idea that
suggested burning of fossil fuels added carbon dioxide gas
into Earth's atmosphere, which likely result in long term
variations in our planet's climate. Since then, the concept
of climate change and global warming continued to
develop (Haque, 2023).

Since Arrhenius’s era, the CO;concentration of the
atmosphere has increased more than 70 percent, from 280-
290 parts per million to more than 400 ppm by 2016
(Rafferty, 2016). With such rise in CO; concentrations
over such a short period, scientists fear that it will be only
a matter of time before air temperatures rise and people
start to experience the results (Selemon, 2020). Evidence
of climate change at regional and global scales has
appeared since the late 20th century, the most apparent
being the decline in Arctic ice extent and the cluster of the
warmest global surface temperature averages occurring
between the year 2000 and the present (Rafferty, 2016).
Greenhouse gas emissions have increased since the pre-
industrial era, driven largely by economic and population
growth, and are now higher than ever (Selemon, 2020).
This has led to greenhouse gases (CO2, CH4, N20, etc.),
concentrations that trap heat and cause the Earth to warm
as well as reduce the efficiency with which the Earth cools
to space (IPCC, 2020).

Causes of Climate Change

Greenhouse gases are emitted from, and are
reabsorbed by, a variety of natural sources, but the rate at
which human economies and societies are emitting these
gases far exceeds the capacity of natural ecosystems to

reabsorb them (World resource institute, 2021). Increased
industrial activity since the mid-18th century has led to a
rapid increase in the atmospheric concentration of
Greenhouse gases such as carbon dioxide, methane and
nitrous oxide, in large part due to the burning of fossil fuels
derived from oil, coal and natural gas (NCCIS, 2021). One
of the foremost sources of greenhouse gas emissions is the
combustion of fossil fuels such as coal, oil, and natural gas
for energy production. Industries, transportation, and
residential sectors heavily rely on these fuels (IPCC,
2020). As they burn, they release carbon dioxide (CO2)
into the atmosphere and the concentration of CO2 has risen
dramatically since the Industrial Revolution, contributing
significantly to the greenhouse effect and global warming
(Abu et al., 2023).

The rate of emissions has been steadily increasing over
time, and computer models of the earth's climate system
(including both natural and human causes) are unable to
simulate  recent warming unless they include
anthropogenic emissions of greenhouse gases (NCCIS,
2021). The Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC)
states: it is a greater than a 90% certainty that emissions of
heat trapping gases from human activities have caused
most of the observed increase in globally averaged
temperatures since the mid-20th century (Altaf et al.,
2022).

Effect of Climate Change

As global temperatures continue to rise due to
climate change, the frequency and intensity of heat waves
are becoming more pronounced (IPCC, 2020). Heat waves
pose significant risks to both natural ecosystems and
human populations. Increased temperatures can lead to
heat related illnesses, exacerbate air quality issues, and
strain energy resources for cooling (Rayhan et al., 2023).
Climate change is expected to have an impact on crop and
livestock production, hydrologic balances, input supplies,
and other agricultural system components (FAO, 2016).
Changes in climatic factors such as temperature and
precipitation, as well as how frequent and severe some
extreme events such as droughts, floods, and wind storms,
have a direct impact on crop and livestock yields (Raj and
Toppo, 2014). Rise in temperature leads to global warming
that affect human health and causes injury, mass migration,
economic  disruption, malnutrition, social unrest,
displacement and rise of infectious disease (Altaf et al.,
2022).
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Figure 1: Climate change environmental exposures and their health effects (Abdelzaher et al., 2020)

Overview of Microbial Diseases.

According to medical experts, infectious diseases

caused by microbes are responsible for the deaths of more
people around the world than any other single cause
(Wiess, 2015). Infectious disease has always an effect to
human beings as it is a pathological condition which is
caused specific infectious agents which can be virus,
bacterium, fungi or protozoan that affects the body parts or
tissues, characterized by a group of signs and symptoms
(Debta et al., 2020).
Microbial diseases are illnesses caused by microorganisms
like bacteria, viruses, fungi, and microscopic parasites
(e.g., protozoa) that disrupt normal body functions. These
pathogens can infect humans, animals, and plants, with
significant impacts on health, economies, and ecosystems
worldwide (Murray et al., 2021).

Types and Examples:

Bacterial: Diseases like tuberculosis
(Mycobacterium  tuberculosis) and cholera
(Vibrio cholerae) remain global threats.

Tuberculosis caused 1.3 million deaths in 2022,
per the World Health Organization (WHO, 2023).
Viral: Viruses like SARS-CoV-2 (COVID-19)
and influenza drive pandemics, with COVID-
19’s ongoing variants tracked into 2025 (CDC,
2024).

Fungal: Infections such as Valley fever
(Coccidioides) are rising, linked to climate driven
dust storms (Philips et al., 2024).
Parasitic/Protozoan: Malaria  (Plasmodium
spp.), spread by mosquitoes, kills over 600,000
annually, predominantly in Africa (WHO, 2024).

Figure 2: Some Microbial Diseases and their causative agents
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(Banerjee et al., 2020).
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Overview of Microbial Diseases in Nigeria.

Nigeria, as Africa’s most populous nation, faces
a significant burden from microbial diseases, driven by
factors like poor sanitation, limited healthcare access, and
climate variability (Abubakar et al., 2022). These diseases,
caused by bacteria, viruses, fungi, and parasites, remain a
major health issue, particularly in rural areas (Olumade et
al., 2020).
Bacterial diseases like cholera and diphtheria keep
reoccurring. Cholera, often spread through dirty water, has
been hitting harder lately, with the Nigeria Centre for
Disease Control and Prevention (NCDC) noting cases still
active in 2024 (NCDC, 2024). Viral diseases, such as
Lassa fever, first identified in Nigeria in 1969, persist,
transmitted by rodents and causing both mild and severe
illness (Olumade et al., 2020). Parasitic diseases like
malaria remain endemic, with climate change expanding
mosquito habitats (Filho et al., 2023). Zoonotic bacterial
diseases, such as brucellosis, are also underreported, often
misdiagnosed as malaria (Omotola and Taylor-Robinson,
2020).
Limited diagnostic capacity and funding hinder control
efforts, though the NCDC has enhanced surveillance since
the 2014 Ebola outbreak Climate factors, like flooding,
exacerbate waterborne disease spread, necessitating
integrated health strategies (Olumade et al., 2020).

Climate Change and Microbial Disease
Mechanisms

Rising Temperature and Pathogen Survival

Climate change, driven by rising global
temperatures, is amplifying the spread and severity of
microbial diseases through multiple mechanisms (Liao et
al., 2024). One key mechanism is the direct enhancement
of microbial growth and virulence (Cavicchioli et al.,
2019). Warmer conditions act as a catalyst, directly
boosting the growth, reproduction, and virulence of
pathogens, while also reshaping the environments where
diseases thrive which in turn creates a ripple effect,
threatening human health, ecosystems, and healthcare
systems in Nigeria and beyond (Liao et al., 2024).

Heat accelerates microbial activity a lot, bacteria like
Salmonella see infection rates climb by 5-10% for every
degree of temperature rise, while marine pathogens like
Vibrio coralliilyticus become more dangerous above 27°C,
posing risks to both aquatic ecosystems and human
populations reliant on coastal resources (lbanez et al.,
2023). Cholera, a waterborne disease caused by Vibrio
cholerae, shows a 15-29% increased risk per degree of
warming, as higher temperatures make perfect conditions
for its spread in contaminated water sources (Liao et al.,
2024). This pattern is shown in foodborne illnesses, where
warmer climates speed up the bacterial multiplication in
improperly stored food, causing outbreaks (Cavicchioli et
al., 2019).

Dengue transmission, has surged by 8.9% since 1950,
thriving in temperatures between 23-29°C, while ticks
carrying Lyme disease are now reaching new regions
previously too cold for their survival (Jordan, 2019). In

Nigeria, this is particularly concerning for malaria, where
warmer temperatures shorten the development time of
Plasmodium parasites within mosquitoes, boosting
transmission rates (Mordecai et al., 2019).

Host immunity also suffers under heat stress, when
temperatures exceed 38°C, heat stress disrupts immune
responses and throws off gut microbiota, leaving people
more vulnerable to infections (Rio et al., 2024).
Ecologically, warming disrupts host-parasite relationships,
creating thermal mismatches that favor pathogens in some
species, like amphibians, where diseases like
chytridiomycosis are spreading rapidly (Rohr and Cohen,
2020). These ecological shifts can also spill over to
humans, as altered ecosystems increase contact with
zoonotic pathogens (Gibb et al., 2020).

Altered Rainfall Patterns

Climate change affects shifts in rainfall patterns,
intensifying storms, prolonging droughts, creating a fertile
ground for microbial diseases to flourish (Baker et al.,
2021). These changes influence waterborne pathogens,
disease vectors, and ecological systems, increasing the
spread of infections (Liao et al., 2024).

One of the most direct impacts of altered rainfall is the
increase in flooding, which contaminates water supplies
and spreads waterborne diseases (Baker et al., 2021).
Heavy rainfall, a hallmark of climate change, overwhelms
sanitation systems, washing pathogens like Vibrio
cholerae into drinking water and coastal areas (World
Health  Organization, 2023). Beyond instant
contamination, flooding redistributes microbes across
ecosystems, a study by Tiejde et al in 2022 explains how
waterlogged soils and inundated landscapes facilitate
pathogen exposure and horizontal gene transfer among
bacteria, potentially creating more virulent strains.
Droughts are another consequence of shifting rainfall
patterns, drought pushes humans and wildlife to share
water sources with mosquitoes, increasing vector-borne
diseases such as malaria and dengue (Baker et al., 2021).
Altered rainfall patterns also reshape vector dynamics,
particularly for mosquitoes, ticks, and flies that spread
microbial diseases (Caminade et al. 2014). Heavy rains
create standing water, ideal breeding grounds for
mosquitoes (UC Davis health, 2024). Unpredictable
rainfall patterns disrupt vector life cycles, sometimes
accelerating reproduction and expanding their geographic
range into temperate zones previously too dry or cold for
survival (Liao et al., 2024).

Beyond human health, changing rainfall affects microbial
ecosystems in soil and plants, increased soil moisture from
heavy rains favors fungal pathogens like Phytophthora,
which devastate crops and alter microbial communities
(Singh et al., 2023). This agricultural impact can indirectly
increase human disease risk by disrupting food security
and forcing closer human wildlife interactions (Lesaffre,
2024).

Humidity and Vector-Borne Transmission

Climate change impacts the spread of vector-
borne diseases through changes in humidity, temperature,
and precipitation patterns (Caminade et al., 2018). Rising
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humidity levels, driven by climate change, create ideal
conditions for microbial pathogens and their vectors, such
as mosquitoes, ticks, and sandflies, increasing the spread
of diseases like malaria, dengue, Zika, and Lyme disease
(World Health Organization, 2023). Higher humidity
enhances the survival of pathogens like Vibrio cholerae in
aquatic environments, heightening the risk of cholera
outbreaks after heavy rainfall and flooding, which are
becoming more frequent due to climate change (Paz,
2024). Similarly, airborne pathogens, including influenza
and SARS-CoV-2, exhibit prolonged viability in humid
conditions, facilitating respiratory transmission (Mecenas
et al., 2020).

Vectors like mosquitoes and ticks are highly sensitive to
humidity, which influences their survival, reproduction,
and pathogen transmission (Paz, 2024). Mosquitoes,
primary vectors for malaria (Plasmodium spp.), dengue,
Zika, thrive in warm, humid environments where high
humidity extends their longevity and sustains breeding
sites like stagnant water pools (Kraemer et al., 2019). The
2015-2016 Zika outbreak in Latin America was linked to
high humidity and temperature anomalies driven by El
Nifio, which created optimal conditions for Aedes
mosquito proliferation (Caminade et al., 2018). Climate
models project that by 2050, an additional 1.3 billion
people could be exposed to Zika due to humidity driven
vector expansion (Wellcome, 2024).

High humidity prolongs the lifespan of vectors, increasing
their opportunity to transmit pathogens, while sustaining
mosquito breeding sites and preventing tick desiccation
(de Souza and Weaver, 2024). Humid environments
increase vector activity, such as mosquito biting rates,
elevating human exposure to pathogens (Fouque, 2020).

Diseases Caused by Climate Change in
Nigeria

Climate change increases the impact of microbial
diseases in Nigeria by creating favorable conditions for
pathogens and their vectors to thrive (Olumade et al.,
2020). Warmer temperatures and increased humidity
accelerate the reproduction of mosquitoes, the primary
vectors for malaria and dengue, while flooding
contaminates water sources, driving cholera outbreaks
(Olanrewaju et al., 2019).

Malaria and Other Vector Borne Diseases.

Nigeria, a tropical nation with diverse ecological
zones, suffers from vector-borne diseases, particularly
malaria, which accounts for 39% of global malaria deaths
in children under five (World Health Organization, 2024).
In Nigeria’s tropical and subtropical zones, even small
shifts in climate can expand the habitats and breeding
seasons of mosquitoes and other vectors (Caminade et al.,
2019). Increasing temperatures and humidity directly
influence mosquito survival and parasite development,
while changes in rainfall determine the availability of
breeding sites (Ayanlade et al., 2020).

Malaria, caused by Plasmodium parasites and transmitted
by Anopheles mosquitoes, is Nigeria’s most significant
vector borne disease, with 30.9% of global malaria deaths
occurring in the country (World Health Organization,

2024). Climate change intensifies transmission by
expanding the geographic range and seasonality of
mosquito vectors (Tesla et al., 2018). Rising temperatures
accelerate the development of Plasmodium falciparum,
reducing its maturation time within mosquitoes from 19
days at 22°C to 8 days at 30°C (Mordecai et al., 2019).
Nigeria’s mean annual temperature, often exceeding 25°C,
is projected to rise by 1.4-5.8°C, potentially increasing
malaria incidence in tropical and highland regions (World
Health Organization, 2024). Overall, projections suggest
Nigeria will experience more extreme weather and higher
average temperatures over coming decades trends likely to
amplify vector-borne disease transmission (Ayanlade et
al., 2020).

Other vector-borne diseases, such as dengue, Zika,
transmitted primarily by Aedes mosquitoes, are emerging
as growing threats in Nigeria due to climate driven changes
(Filho et al., 2023). Dengue has seen sporadic outbreaks in
urban areas like Lagos and Port Harcourt, where warmer
temperatures (optimal at 23—29°C) and increased humidity
create ideal conditions for Aedes aegypti mosquitoes
(Caminade et al., 2018). Zika, linked to severe birth
defects, has been reported in Nigeria, with climate change
extending the mosquito breeding season, particularly in
southern states with high rainfall and stagnant water pools
(Kraemer et al., 2019).

The southern states, particularly Lagos, Rivers, and Delta,
are heavily affected due to high rainfall and humidity,
creating mosquito breeding sites in stagnant water pools
(Filho et al., 2023). Flooding, increasingly frequent in
coastal areas like Lagos and Port Harcourt, elevates
malaria risk by 30% (Boyce et al., 2016). Lagos, with its
dense urban population, also faces risks from Anopheles
stephensi, a mosquito detected in Nigeria since 2020,
which thrives in urban environments across a wide
temperature range (15.3-37.2°C) (Sinka et al., 2020). The
North Central region, including Benue and Kogi,
experiences prolonged malaria transmission due to
extended rainy seasons driven by climate variability,
erratic rainfall patterns in these states have increased
mosquito breeding sites, raising malaria incidence by 15—
20% in rural areas (Akinbobola and Hamisu, 2022).
Climate projections indicate that parts of Nigeria could
experience increased malaria intensity under future
warming scenarios (Diouf et al., 2022).

Cholera and Other Water-Borne Diseases

Cholera is a disease that affects Nigeria a lot as a
public health challenge and it is linked to climate change
(Eneh, et al., 2024). Rising temperatures, intensified
rainfall, and extreme weather events like flooding and
droughts have created ideal conditions for pathogens such
as Vibrio cholerae, the causative agent of cholera, and
other waterborne diseases (World Health Organization,
2024).

Climate change alters environmental conditions, directly
impacting waterborne disease dynamics in Nigeria (Co-
Creation Hub Africa, 2024). Increased temperatures and
changing precipitation patterns have been linked to cholera
outbreaks, particularly in regions with poor water and
sanitation structure (Eneh, et al., 2024). Heavy rainfall and

© 2025 SSR Journal of Multidisciplinary (SSRJM) Published by SSR Publisher



https://ssrpublisher.com/ssrjm/
https://ssrpublisher.com/

flooding, intensified by climate change, are major
contributors to cholera outbreaks in Nigeria, which
strained already weak water and sanitation systems (Co-
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Figure 3: Map of Nigeria showing states with suspected cases of cholera and deaths in 2024 (NCDC, 2024).

Beyond cholera, climate change impacts other waterborne
diseases in Nigeria, such as diarrheal diseases and typhoid
fever, through similar mechanisms as Nigeria’s poor water
and sanitation infrastructure makes it particularly
susceptible to climate driven increases in diarrheal
diseases (Levy et al., 2018). Heavy rainfall washes
contaminants into water bodies, increasing the risk of
diseases like typhoid and dysentery, especially in rural
areas with limited access to clean water (Christaki et al.,
2020).

In Nigeria, states like Katsina, Kano, and Ebonyi have
reported higher cholera incidence during rainy periods,
these seasonal patterns are expected to intensify as climate
change leads to more extreme and unpredictable rainfall,
further straining Nigeria’s public health infrastructure
(Abakpa et al., 2023). Socio economic factors increase the
climate driven risks of waterborne diseases in Nigeria.
Conflict, poverty, and inadequate healthcare systems
exacerbate vulnerabilities, particularly in regions like
Borno, where IDP camps face heightened risks during
flooding (Aborode et al., 2025).

Respiratory Infections and Air Quality
Changes
Climate change intensifies air quality

deterioration in Nigeria and increases the incidence of
respiratory infections through rising temperatures, altered

precipitation patterns, and extreme weather events (Niyi-
Odumosu et al., 2025). These environmental shifts
contribute to elevated levels of air pollutants and
conditions conducive to respiratory pathogens which
affects urban populations and vulnerable groups such as
women, children, and the elderly (Glenn et al., 2022).
One of the primary ways climate change affects respiratory
health in Nigeria is through the degradation of air quality
(Niyi-Odumosu et al., 2025). Rapid industrialization,
coupled with relaxed environmental regulations, has led to
increased emissions of particulate matter, nitrogen dioxide
(NO2), and ozone in urban centers like Lagos and the
Niger Delta (Fakinle et al., 2020). Climate change
intensifies these issues by altering meteorological
conditions, such as temperature inversions and stagnant air
masses, which trap pollutants and elevate their
concentrations (Niyi-Odumosu et al., 2025).

In Northern Nigeria, desertification and sandstorms,
worsened by climate change, increase airborne particulate
matter, this increases the risk of respiratory infections
(Pona et al., 2021).

Extreme weather events, such as flooding, are another
critical pathway through which climate change impacts
respiratory health (Echendu, 2020). These conditions
disproportionately affect vulnerable populations, such as
children and the elderly, who are more susceptible to
respiratory infections due to weaker immune systems
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The transmission of airborne infectious diseases, such as
tuberculosis and respiratory syncytial virus (RSV), is also
influenced by climate change (D'Amato et al., 2013). In
densely populated urban areas, where ventilation is often
poor, these conditions heighten the risk of respiratory
infections, in Northern Nigeria, where desertification has
led to overcrowded living conditions due to resource
scarcity, the spread of airborne diseases is intensified
(Pona et al., 2021).

Zoonotic and Emerging Infectious Diseases

Climate change, characterized by rising
temperatures, altered rainfall patterns, and extreme
weather events, disrupts ecosystems, increasing the risk of
zoonotic spillover in Nigeria (Elebesunu et al., 2023).
Deforestation and urbanization, bring humans into closer
contact with wildlife reservoirs, this enhances zoonotic
host diversity, facilitating pathogen transmission from
animals to humans (Gibb et al., 2020). Nigeria’s high
deforestation rates, driven by agricultural expansion and
climate induced land degradation, push rodents carrying
Lassa fever closer to human settlements (Elebesunu et al.,
2023). Similarly, climate driven habitat loss increases
human wildlife interactions, amplifying risks of diseases
like monkeypox, which has seen sporadic outbreaks in
Nigeria (Edward et al., 2024).

Climate change impacts the distribution and behavior of
disease vectors, such as mosquitoes and ticks, which are
critical in Nigeria’s zoonotic disease landscape (Moyo et
al., 2023). Rising temperatures and changing precipitation
patterns expand the range and breeding seasons of these
vectors, intensifying transmission of diseases like Lassa

fever and potentially malaria, which shares ecological
overlaps with zoonotic pathogens (Edward et al., 2024).
Warmer temperatures in Nigeria enhance mosquito
survival and reproduction, increasing the risk of vector-
borne zoonotic diseases (Bartlow et al., 2019). Climate
induced shifts in rainfall patterns create favorable
conditions for mosquito breeding in Nigeria’s tropical
regions, contributing to the persistence of Lassa fever, with
over 8,000 cases reported between 2015 and 2022
(Elebesunu et al., 2023).

Nigeria’s socio-economic challenges, including poverty,
limited healthcare infrastructure, and weak surveillance
systems, exacerbate the impact of climate driven zoonotic
(Edward et al., 2024). Nigeria’s urban slums and rural
areas, worsened by climate driven migration, create
hotspots for disease transmission due to overcrowding and
poor sanitation (Moyo et al., 2023).

Lassa fever serves as a critical case study for
understanding climate change’s impact on zoonotic
diseases in Nigeria (Gibb et al., 2020). Lassa fever
incidence correlates with seasonal climate patterns,
particularly dry seasons prolonged by climate change,
which drive rodents into human dwellings in search of
food (Edward et al., 2024). The 2015-2022 outbreak, with
thousands of cases, underscores how climate variability
exacerbates disease spread in Nigeria’s northern and
central regions (Elebesunu et al., 2023). Similarly,
warming temperatures could expand the range of other
zoonotic pathogens, such as Ebola which Nigeria
contained in 2014 but remains at risk for due to regional
connectivity and climate driven ecological changes
(Philips et al., 2024).
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Figure 4: Confirmed Lassa fever cases by States in Nigeria, June, 2025 (NCDC, 2024).
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Socioeconomic and Public Health
Implications

Impact on Healthcare Systems

Climate change impact on microbial diseases is
shaping the public health sector in Nigeria (Niyi-Odumosu
etal., 2025). Rising temperatures, altered rainfall patterns,
and frequent extreme weather events intensifies the
prevalence and transmission of these diseases, placing
socioeconomic and public health burdens on Nigeria’s
already strained healthcare systems (Leckebusch and
Abdussalam, 2015).

Prolonged rainy seasons create favorable conditions for
vectors like mosquitoes, increasing the incidence of
malaria, a leading cause of morbidity and mortality in the
country (Filho et al., 2023). Heavy rainfall and poor
sanitation infrastructure have been linked to recurrent
cholera outbreaks, overwhelming healthcare facilities in
affected regions (Oladapo et al., 2021).

Public health facilities, particularly in rural areas, lack the
capacity to manage surges in cases of malaria, cholera, or
meningitis, leading to higher mortality rates and prolonged
hospital stays (Ogony et al., 2025). The socioeconomic
implications are stark as families face high out-of-pocket
healthcare costs, which deepen poverty and reduce
household economic productivity (Wang et al., 2025).

In terms of the socioeconomic impacts, poverty,
inadequate infrastructure, and limited access to education
hinder effective disease prevention and management
(Odeyemi and Sani, 2016). Foodborne diseases, intensified
by climate change induced food contamination, are
underreported due to weak surveillance systems, yet they
contribute significantly to the disease burden (Odeyemi,
2016). Flooding, which is a frequent consequence of
climate change, damages healthcare facilities and disrupts
supply chains for essential medicines, further limiting
access to care (Olanrewaju et al., 2019).

The socioeconomic burden extends to healthcare workers,
who face increased workloads and resource shortages
during disease outbreaks (World Health Organization,
2023). Nigeria’s healthcare system, with only 0.4
physicians per 1,000 people, struggles to cope with the
rising demand for services (Ogony et al., 2025). Climate
change outbreaks, such as Lassa fever and meningitis,
require specialized care and rapid response mechanisms,
which are often inadequate due to funding and logistical
issues (Olumade et al., 2020).

Climate change induced malnutrition, driven by food
insecurity, weakens immune systems, increasing
susceptibility to microbial infections and further straining
healthcare resources (Wang et al., 2025).

Weak surveillance systems and limited laboratory capacity
hinder timely detection and response to outbreaks,
increasing morbidity and mortality (Opoku et al., 2021).
For example, the lack of real time data on cholera
outbreaks delays containment efforts, allowing the disease
to spread rapidly in flood affected areas (Oladapo et al.,
2021).

Vulnerable Populations

Vulnerable populations in Nigeria are particularly
susceptible to climate change driven microbial diseases
due to socioeconomic disparities and environmental
factors (Adesola et al., 2024). Rural communities, states
like Borno, Yobe, and Adamawa in the Northeast, face
increased risks of waterborne diseases like cholera due to
flooding, which contaminates water sources (Leckebusch
and Abdussalam, 2023). These communities often lack
access to clean water and healthcare, increasing morbidity
and mortality. Urban slum dwellers, concentrated in states
like Lagos, Kano, and Rivers, are another vulnerable
group, overcrowding in Lagos slums, coupled with
inadequate sanitation, fuels the spread of diseases like
cholera and typhoid, as flooding overwhelms drainage
systems (Adesola et al., 2024). The high population in
these urban centers intensifies disease transmission, with
limited healthcare access, putting burden on low income
families (Leckebusch and Abdussalam, 2023). Women
and children, particularly in states like Niger, Kebbi, and
Sokoto in the Northwest, face unique vulnerabilities (Butu
et al., 2022). Women in these regions, often responsible
for fetching water, are exposed to contaminated sources
during floods, increasing their risk to waterborne diseases
(Egbe et al.,, 2014). Children, already susceptible to
malnutrition, face heightened risks of malaria, which
thrives in warmer, wetter conditions driven by climate
change (Butu et al., 2022). Lassa fever, a zoonotic disease,
poses a significant threat in states like Edo, Ondo, and
Ebonyi (Dan-Nwafor et al., 2019). Climate changed
induced ecological changes, such as warmer temperatures,
expand rodent habitats in these states, increasing Lassa
fever transmission in rural communities with limited
healthcare access (NCDC, 2018). Climate change is also
linked to zoonotic disease emergence, noting that rural
populations in these states are particularly vulnerable due
to poverty and proximity to rodent reservoirs (Beyer et al.,
2021).

Poverty limits access to healthcare, forcing families to
incur high treatment costs or lose income due to illness
(Adesola et al., 2024). In the South South region, flooding
disrupts livelihoods, increasing malnutrition and disease
susceptibility among low-income households (Okon et al.,
2021).

Psychologically, Repeated disease outbreaks and the loss
of family members to diseases like Lassa fever in Edo or
cholera in Borno create fear and anxiety, particularly in
rural communities with limited health resources (NCDC,
2018). Zoonotic diseases, amplified by climate change,
contribute to social stigma, as communities may isolate
affected families which can cause marginalization (Beyer
et al,, 2021). In urban slums like those in Lagos,
overcrowding and frequent disease outbreaks foster a
sense of helplessness, as residents struggle to access clean
water or medical care (Adesola et al., 2024). Women and
children, already marginalized, face additional stress from
caregiving and health insecurities (Leckebusch and
Abdussalam, 2023).
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Food Security and Microbial Contaminants

Nigeria’s economy is highly dependent on and it
is highly vulnerable to climate change, which threatens
food security through environmental disruptions (Okon et
al., 2021). Flooding, a frequent consequence of climate
change, contaminates farmlands with pathogens and toxic
elements, rendering crops unsafe and reducing yields (Ani
etal., 2022). Similarly, desertification in northern Nigeria,
worsened by rising temperatures, leads to crop failures and
pest proliferation, which strains food production (Oderinde
et al., 2022). In Lake Chad, warming waters disrupt fish
habitats, reducing catches and increasing contamination
risks, which undermines a critical protein source (Ani et
al., 2022). These disruptions contribute to significant food
loss and waste, with pests, diseases, and spoilage which
would destroy large portions of harvests (Haruna et al.,
2022). The food scarcity which results, drives up prices,
making nutritious food inaccessible to a lot of people,
particularly in low-income communities (Owoo, 2021).
This fuels malnutrition, weakening immune systems and
increasing susceptibility to microbial diseases (FAO,
2016). The socioeconomic issue is severe, as reduced food
availability deepens poverty, particularly among
smallholder farmers who rely on agriculture for their
livelihoods (Oderinde et al., 2022).

Climate change boosts microbial contamination in
Nigeria’s food systems, posing public health risks
(Odeyemi and Bamidele, 2016). Pathogens such as
Escherichia coli, Salmonella spp., and Staphylococcus
aureus thrive in warmer, humid conditions, contaminating
food during production, processing, and storage (Odeyemi,
2016). Slaughterhouses, operating under poor hygiene
conditions, are also major sources of contamination, with
pathogens often detected in meat products (Ovuru et al.,
2023).

Higher temperatures and seasonal variations increase
aflatoxin contamination in crops like maize and poultry
feed which can lead to serious health issues like liver
damage and cancer (Jeff-Agboola et al., 2017).
Agriculture employs over 70% of the workforce, and
climate driven disruptions threaten livelihoods, of
smallholder farmers and fishers (Butu et al., 2022). Crop
failures due to desertification and pest proliferation reduce
farmers’ incomes, limiting their ability to afford food or
healthcare (Oderinde et al., 2022). Foodborne diseases
decrease productivity, as affected individuals are unable to
work, and families face rising healthcare costs (Odeyemi,
2016).

Mitigation and Adaptation Strategies

Public Health Interventions

Renewable energy in healthcare facilities is an
effective mitigation strategy as it helps to lower carbon
footprints while ensuring reliable power for disease
prevention efforts, such as water purification systems to
fight against cholera (Okafor et al., 2023). Solar powered
water treatment systems in rural Nigeria, reduce reliance
on fossil fuels and provide clean water to prevent
waterborne diseases (Egbuna et al., 2021). Nigeria’s high

reliance on fossil fuels and deforestation contribute to
greenhouse gas emissions, intensifying climate change
effects that causes the spread of microbial disease (Butu et
al., 2022). The 2022 Intergovernmental Panel on Climate
Change (IPCC) report reflects that reducing emissions
through renewable energy adoption and sustainable
agricultural practices can mitigate these risks (Trisos et al.,
2022).

Reforestation regulates local climates and disrupt
mosquito breeding cycles, reducing malaria transmission
(Okafor et al, 2023). Community based waste
management programs also mitigate disease spread by
eliminating stagnant water pools that serve as vector
breeding sites (Ayanlade et al., 2020). These efforts align
with Nigeria’s National Adaptation Plan for Health (2022—
2030), which promotes sustainable environmental
practices to curb microbial disease transmission (Federal
Ministry of Health, Nigeria, 2022). The Lancet
Countdown report advocates for climate change resilient
health systems as mitigation also involves strengthening
health systems to withstand climate shock and this include
training healthcare workers to recognize and treat climate
sensitive diseases (Romanello et al., 2022). Pilot programs
in Kano, Nigeria have trained primary healthcare providers
to integrate climate data into disease management,
improving outcomes for cholera and malaria patients
(Michael and Dankyau, 2022).

Implementation of water, sanitation and hygiene (WASH)
programs is an effective public health intervention, which
address waterborne diseases like cholera, prevalent in
flood prone areas such as Lagos and Kano (Nigeria Health
Watch, 2023). Flooding contaminates water sources,
increasing pathogen transmission, while droughts reduce
access to clean water, forcing reliance on unsafe sources
(levbare, 2020). Improving water treatment, sanitation
infrastructure, and hygiene education can significantly
fight against disease outbreaks (Opoku et al., 2021).
Vector control is also vital, given the rising prevalence of
vector-borne diseases like malaria and dengue due to
warmer temperatures and stagnant water from floods
(Trisos et al., 2022). Interventions such as indoor residual
spraying, and community led environmental cleanups to
eliminate mosquito breeding sites have proven effective in
Nigeria (Awad et al., 2024). In coastal communities, where
flooding intensifies malaria transmission, combining
vector control with health education has reduced disease
incidence (Nigeria Health Watch, 2023).

Climate Resilience Disease Surveillance

The Federal Ministry of Environment’s National
Adaptation Plan (NAP) Framework emphasizes
strengthening surveillance by combining meteorological
data, such as temperature and rainfall, with
epidemiological data to forecast outbreaks of malaria and
cholera (Federal Ministry of Environment, 2020).
Enhanced disease surveillance systems are critical in
integrating meteorological data with health monitoring to
predict and respond to outbreaks (Semenza & Paz, 2021).
In the South-South, where flooding increases vector-borne
diseases like dengue and malaria, community health
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workers monitor water quality and educate residents on
malaria prevention during rainy seasons (Butu et al.,
2022).

Climate informed surveillance has proven effective in
forecasting cholera and malaria risks, enabling timely
interventions like vaccination campaigns (World Health
Organization, 2023). An example is Al driven early
warning systems can anticipate flood related cholera
outbreaks, facilitating rapid response (Semenza & Paz,
2021).

Advanced technologies, such as machine learning and
geographic  information  systems (GIS), enhance
surveillance capabilities, they help analyze climate and
health interactions to predict disease outbreaks, enabling
proactive resource allocation (Yenew et al., 2025).
Training health workers to recognize climate driven
disease patterns and improving healthcare infrastructure
will strengthen adaptive capacity (Federal Ministry of
Environment, 2020).

Integrating climate data into health surveillance, as
recommended by the World Health Organization, enables
early warning systems that alert communities to impending
risks, such as malaria surges during prolonged rainy
seasons (World Health Organization, 2023). Climate
change informed surveillance reduced malaria mortality in
Nigeria by enabling timely distribution of insecticide
treated nets (Opoku et al., 2021).

In Nigeria, deforestation and urbanization, creates
favorable conditions for disease vectors like mosquitoes,
increasing malaria prevalence (Chancenetwork Africa,
2024). The Nigeria Erosion and Watershed Management
Project (NEWMAP) promotes reforestation to control
erosion and flooding, which indirectly reduces waterborne
disease risks like cholera (World Bank, 2022).

Nigeria’s commitment to clean energy, as part of its
climate resilience plans, also mitigates disease risks by
reducing greenhouse gas emissions that drive climate
change (Nwankpa, 2022).

Policy and Governance Initiatives

Nigeria’s response to climate change driven
health challenges is rooted in robust policy frameworks,
notably the 2021 Climate Change Act, which provides a
legal foundation for climate action across sectors,
including health (Ladan, 2022). The Act mandates
integrating climate resilience into public health strategies,
focusing on adaptation measures to curb the spread of
microbial diseases worsened by climate change and
supports the development of early warning systems for
disease outbreaks, essential for managing vector-borne
diseases like malaria, which are increasing due to warmer
temperatures and extended rainy seasons (Climate Action
Tracker, 2021).

National Adaptation Plan (NAP) which is focused on
Nigeria’s health adaptation efforts prioritizes climate
resilient health infrastructure and enhanced disease
surveillance systems (UNEP, 2024). The plan is critical for
monitoring and responding to microbial diseases, such as
cholera, which thrives in flood prone areas due to
contaminated water sources (Opoku et al., 2021). NAP

also promotes community-based adaptation, enabling local
governments to implement health interventions tailored to
regional climate risks (Butu et al., 2022).

Nigeria’s National Health Adaptation Strategy, combined
with the World Health Organization’s (WHO) global
framework on climate change and health, focuses on
strengthening health systems to address climate change
induced disease burdens (World Health Organizations,
2023). This strategy includes investments in climate
resilient health facilities, such as hospitals equipped to
handle surges in infectious diseases during extreme
weather events (Ansah et al., 2024). Example is the
Nigeria Erosion and Watershed Project (NEWMAP),
backed by the World Bank, which has incorporated health
infrastructure upgrades to enhance resilience against
climate driven disease outbreaks (World Bank, 2022).
The Nigeria Centre for Disease Control (NCDC) has been
strengthened to monitor climate sensitive diseases, using
data to predict and prevent outbreaks of microbial diseases
like meningitis, linked to hotter and drier conditions
(Nwokolo et al., 2023).

Transitioning to clean energy reduces air pollution, which
weakens immune systems and increases susceptibility to
microbial infections (Romanello et al., 2022). Nigeria’s
clean energy policies, such as solar power expansion in
rural areas, not only lower emissions but also improve
healthcare delivery by powering health facilities, enabling
better vaccine storage for diseases like cholera (Okon et
al., 2021).

Future Research Directions and Knowledge
Gaps

Nigeria’s northern and southern regions face
distinct climate challenges, yet a lack of specificity in
research limits the effectiveness of targeted interventions
(World Health Organization, 2023). There is insufficient
research on how climate change influences how pathogens
adapt and evolve, critical for understanding emerging and
reemerging diseases like Lassa fever and cholera (Baker et
al., 2022). Mora et al. (2022) notes that 58% of human
pathogenic diseases, including those prevalent in Nigeria,
are aggravated by climate hazards, yet Nigeria specific
pathways remain neglected.

Another gap lies in the social and economic determinants
of vulnerability and vulnerable populations as climate
change diseases disproportionately affect marginalized
communities, but data on these populations’ risks are
limited (WHO, 2020). Inadequate water, sanitation, and
hygiene (WASH) infrastructure exacerbates cholera in
areas prone to flooding, yet research on integrating WASH
into climate adaptation is rare and limited (Agyarko et al.,
2025).

Institutional and policy related gaps in the sense that
Nigeria’s National Adaptation Plans lack robust
integration of health considerations, with limited funding
and coordination for climate resilient health systems (Butu
et al., 2022). The absence of a national climate database
further impedes research and policy formulation (Okon et
al., 2021).

To address these gaps, future research should prioritize
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quantitative, Nigeria specific studies on climate and
disease interactions. Developing predictive models for
disease transmission, as demonstrated in European
contexts, could be adapted for Nigeria’s malaria and
cholera reoccurrence (Semenza and Paz, 2021). Such
models, leveraging Al and machine learning models, can
integrate climate variables (temperature, rainfall) with
epidemiological data to forecast outbreaks (Niyi-Odumosu
etal., 2025).

Research should also focus on pathogen evolution under
climate stress, using surveillance to track changes in
disease vectors and microbes (Baker et al., 2022). Climate
integrated surveillance networks can enhance early
warning systems for outbreaks (Hess et al., 2020).
Community-based surveillance, involving local health
workers and citizens, is another promising direction,
particularly for rural areas with limited infrastructure
(Butu et al., 2022).

Studies should explore the efficacy of WASH
infrastructure improvements in flood prone regions, given
their role in reducing waterborne diseases (Agyarko et al.,
2025). Vaccine for climate sensitive diseases like cholera
and Lassa fever is another underexplored area, requiring
investment in African led research (Obame-Nkoghe et al.,
2024).

Future studies should assess institutional barriers to
integrating health into Nigeria’s climate policies, such as
funding constraints and lack of coordination (Okafor et al.,
2023). Developing a national climate health database, as
suggested by Okon et al. (2021), would provide a
foundation for evidence-based policymaking. Research
should also explore international partnerships, such as the
Africa Adaptation Acceleration Program, to secure
funding and technical support for health adaptation (Butu
et al., 2022).

Recommendations

The following recommendations were made on the
review on climate change and its impact on microbial
diseases in Nigeria:

I Disease surveillance should be strengthened to
Integrate meteorological and epidemiological
data using Al and GIS to predict and manage
outbreaks of malaria, cholera, and Lassa fever,
especially in regions that are flood prone and have
high risk to these diseases.

Il. Prioritize investments in water treatment and
sanitation systems in rural and urban slum areas
to curb waterborne diseases like cholera.

1. Climate resilient health systems should be
promoted by adopting renewable energy
solutions, such as solar-powered healthcare
facilities, to ensure reliable power for vaccine
storage and water purification, reducing disease
spread.

V. Implement vector control programs,
reforestation, and community led waste
management to reduce mosquito breeding sites
and mitigate disease transmission.

V. Nigeria-specific research studies should be
conducted on pathogen evolution under climate
stress and develop a national climate-health
database to inform and track evidence-based
policies.

CONCLUSION

Climate change impacts microbial diseases in
Nigeria and this is a serious public health challenge, it
intensifies malaria, cholera, Lassa fever, and respiratory
infections through rising temperatures, altered rainfall, and
extreme weather. These environmental shifts, together
with socio economic challenges like poverty and weak
healthcare systems, disproportionately impact vulnerable
populations. Nigeria’s healthcare infrastructure struggles
with increased disease burdens, highlighting the need for
integrated strategies. Mitigation measures, including
climate resilient health facilities, enhanced surveillance,
and WASH programs, alongside policies like the 2021
Climate Change Act, offer solutions. Addressing
knowledge gaps on pathogen evolution and regional
vulnerabilities through targeted research is crucial.
Interdisciplinary collaboration and sustainable practices
are essential to build resilience and protect Nigeria’s
population from climate change health crises.
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