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INTRODUCTION
Climate change is an established and accelerating 

phenomenon. While the Earth's climate system 
is complex, strong evidence demonstrates that 
significant global warming and its associated changes 
are actively progressing. In modern civilization, 
the pace of this change is rapidly driven by human 
activities[1]. Unlike natural climatic shifts that occur 
over millennia, the current fast alterations are a direct 
consequence of this human-induced warming[2].

Although often used interchangeably, "global 
warming" and "climate change" have distinct 
meanings. Global warming refers specifically to the 
long-term heating of the Earth's surface since the pre-
industrial period (1850–1900), while climate change 
involves the broad long-term alterations in climate 
patterns, including temperature, precipitation, and 
wind. The physical effects of climate change include 
rising sea levels, shrinking glaciers, accelerated ice 
melting in polar regions, and shifts in plant blooming 
cycles[3]. Since the early 20th century, the planet's 
average temperature has risen by approximately 0.8°C 
(1.4°F), with two-thirds of that increase occurring 
since 1980[4].

The primary cause of this late warming is the 
emission of greenhouse gases from human activities, 
particularly the burning of fossil fuels. These activities 
release gases, i.e., CO2 and water vapor which trap 
heat in the atmosphere by the greenhouse effect, 
warming the planet's surface and lower atmosphere[5]. 
While natural factors involving solar variations have 
influenced past climate shifts[6], their impact on recent 
warming has been minimal. Research suggests that 
solar activity in recent decades may have had a slight 
cooling effect or no net warming impact[7].

A critical consequence of climate change is its 
impact on the transmission of infectious diseases. By 
diminishing the quality and availability of drinking 
water, sanitation, and irrigation resources, climate 
change concentrates risk factors for food-, water-, 
and vector-borne illnesses[8]. The expansion of 
geographical areas and the lengthening of seasons 
suitable for pathogen survival increase the likelihood 
of disease outbreaks and facilitate their wider 
spread[9].

The present review focuses specifically on parasitic 
diseases, whose relationship to climate change is 
particularly complex. While it is widely affirmed that 
global warming will likely promote the emergence 
and spread of parasitic infections, the effects extend 
beyond simple increases in parasitism[10]. For 
instance, rising temperatures can hasten a parasite's 
infectious ability and weaken its hosts. However, 
the response is not uniform; parasite virulence 
may increase, decrease, or change unpredictably. 
Furthermore, while a parasite's vital rates may 
improve with warmth, they decline sharply once an 
optimal temperature is exceeded[11]. Hosts may even 
manipulate warmer temperatures to fight infections 
by altering their thermal environment. Given 
these intricate and often contradictory dynamics, 
predicting the long-term physiological outcomes for 
host-parasite relationships under a changing climate 
remains a significant scientific challenge[2]. 

Food- and water-borne parasites
Transmission pathways and human factors: Food 

and water are the primary vehicles for parasitic 
infections. Contaminated food can easily introduce 
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ABSTRACT
Climate change profoundly affects the epidemiology of parasitic diseases by altering environmental conditions, 
vector populations and parasite system biology. In this review, the recent literature concerning the influences 
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was to clarify the underlying mechanisms of these epidemiological shifts and their impact on disease dynamics 
and transmission behaviors. Furthermore, strategies for climate change mitigation to minimize anticipated 
consequences on human health were proposed. This review aims to offer a comprehensive understanding of 
the complex relationship between climate change, ecosystem dynamics, and the epidemiology of parasitic 
diseases affecting human.  
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of trematodes (flukes) may also be reshaped. The 
transmission season of F. hepatica, which uses 
lymnaeid snails as intermediate hosts, is prolonged 
by warming temperatures in regions like the United 
Kingdom, potentially increasing infection levels 
during winter months[28]. Modeling studies from 
New Zealand project a significant rise in infection 
risk by 2090, especially in areas with high densities 
of sheep and cattle[29]. Similarly, while the precise 
impact of warming on schistosomiasis is still being 
studied, it is probable that climate change will alter 
the geographic distribution of the Schistosoma species 
and their freshwater planorbid snail hosts[30]. It has 
been suggested that increased warming in Africa, may 
adversely drive ubiquitous parasites beyond their 
thermal limits in some areas, while spreading to new 
ones. Additionally, any climate-induced water stress 
could unexpectedly concentrate snail populations, 
elevating disease incidence in certain locations[31,32].

Echinococcosis, caused by the E. granulosus 
tapeworm, is another example. Warmer temperatures 
may enhance the survival of its resistant, dormant 
infective stages in the environment, and its geographic 
range has already expanded due to the emergence of 
new definitive hosts like the raccoon dog[33]. Hence, 
merging of climate change with globalization and 
migration further contributes to the spread of cystic 
echinococcosis and schistosomiasis, leading to 
emergence of cases outside their traditional endemic 
zones, which can result in delayed diagnosis and 
inadequate management[32].

Protozoa: Most protozoans have resilient cyst or 
oocyst stages that can survive outside a host and 
contaminate food and drinking water, causing 
diseases like amebiasis, giardiasis, cryptosporidiosis, 
and toxoplasmosis[22]. Climate change, particularly 
through increased rainfall and flooding, can 
compromise water safety and raise the risk of 
outbreaks[34]. Giardiasis and cryptosporidiosis already 
exhibit seasonal patterns linked to precipitation, and 
models predict that by the 2080s, altered rainfall in 
regions like Vancouver, Canada, could increase the 
combined incidence of these diseases by 5.9–16.3% 
during wet seasons[35].

Climate change also affects agriculture. Farmers 
facing heavy rainfall or drought may increase their use 
of animal manures or human biosolids as fertilizers, 
which can contain parasitic cysts and oocysts[33]. Heavy 
rainfall can then wash these contaminants from soil 
and vegetation into water sources, increasing the risk 
of outbreaks of giardiasis and cryptosporidiosis[22]. 
For T. gondii, rising human population density and 
temperature fluctuations can increase environmental 
contamination, with stray domestic cats playing a key 
role in its spread[36].

Finally, the availability and quality of water are 
critical. In developing nations, the combination of 
inadequate sanitation, global warming, and reduced 
water availability elevates the risk of infections from 

parasites to humans, with many food-borne parasites 
being zoonotic and having a worldwide distribution[12-14]. 
Similarly, water contaminated with parasites is a 
major source of infestation[15]. Transmission occurs 
through various means, including the consumption of 
contaminated items, direct oral contact, and contact 
with infected food handlers[16]. In environments with 
poor sanitation, food handlers can act as reservoirs 
and vectors, enhancing the spread of parasites 
among humans and other hosts[17,18]. Furthermore, 
asymptomatic carriers can significantly contribute 
to the prevalence of intestinal parasitic diseases by 
unknowingly contaminating food and water sources[19].

 
General impact of climate change on transmission

Climate change significantly amplifies the 
transmission and prevalence of food- and water-
borne parasites, posing serious health risks[20]. Rising 
temperatures can accelerate parasite metabolism, 
leading to higher reproductive rates and larger parasite 
populations. Altered precipitation patterns, combined 
with warmer temperatures, create environmental 
conditions more suitable for parasite survival and 
growth[21]. Of note, altered precipitation patterns refer 
to the changes in the type, intensity, and frequency 
of rainfall, snowfall, or other forms of atmospheric 
moisture. For example, some regions might experience 
longer periods of drought followed by extreme, heavy 
rainfall, or a shift from gentle, consistent showers 
to more intense, infrequent downpours. As parasite 
populations expand and their geographic ranges 
enlarge, the risk of food contamination and subsequent 
human infection increases[22,23]. Increased humidity 
from changing rainfall patterns further enhances the 
survival and transmission of many parasites[24]. Climate 
variability, including heavy rainfall, has been associated 
with a rising incidence of diseases like cryptosporidiosis 
and giardiasis in Europe and the USA[25]. Climate change 
also indirectly influences transmission by altering host 
behavior, as shifting temperature and precipitation 
patterns and its outcome can cause host species to move, 
allowing parasites to expand into new territories[26].

 
Impact on specific parasites and diseases: The 
influence of climate change on transmission dynamics 
is manifested among several parasites.
Helminths: Many helminths, such as hookworms, A. 
lumbricoides, and T. trichiura, have life cycle stages 
that exist in the environment, making them highly 
susceptible to climatic shifts. Higher temperatures 
can accelerate the development of hookworm eggs 
and larvae, shortening the time they need to become 
infectious[27]. Increased precipitation and humidity 
prevent the desiccation of these parasites in the soil, 
leading to higher survival rates[22]. Consequently, 
the prevalence of soil-transmitted nematodes like S. 
stercoralis and hookworms is expected to rise. These 
outcomes are often aggravated by poor sanitation, 
which can lead to higher infection rates of T. trichiura, 
A. lumbricoides, and E. vermicularis[2]. The transmission 
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E. histolytica and G. lamblia[37]. Limited water resources 
can also hinder proper hygiene practices, further 
facilitating parasitic transmission[38].

Vector-borne diseases
Vector-borne diseases, transmitted by arthropods 

like mosquitoes and ticks, are particularly sensitive 
to climate-related changes, which significantly impact 
global morbidity and mortality[39,40]. These diseases are 
indirectly vulnerable to the effects of climate change, 
as alterations in temperature, rainfall patterns, and 
extreme weather events can profoundly influence the 
lifecycle of the vectors[9,41].

One of the primary means of climate change 
affection of these diseases is by altering the geographic 
distribution and behavior of the vectors themselves. 
As ectotherms, arthropods are highly sensitive to 
temperature, which directly impacts their survival, 
reproduction, and activity levels. Temperature also 
governs the development rate of pathogens within the 
vector; for instance, the extrinsic incubation period of 
the malaria parasite (Plasmodium spp.) is inversely 
related to ambient temperature[2]. Consequently, 
ecological modifications due to climate change can alter 
the incidence of vector-borne diseases and increase the 
risk of zoonotic transfer to humans[30,42]. 
Mosquito-borne diseases

As warmer temperatures enhance mosquito 
activity, reproduction, and blood-feeding frequency, 
and warmer water accelerates larval development, 
understanding climate change's impact on mosquito-
borne illness patterns becomes essential[39,43,44]. 
Malaria: The parasitic disease caused by Plasmodium 
spp. and spread by female Anopheles mosquitoes, 
remains a major health challenge worsened by climate 
change. The parasite multiplies within the mosquito at 
specific temperatures before transmission to humans, 
causing symptoms like fever, chills, and vomiting that 
can be life-threatening if untreated[45]. Temperature and 
precipitation directly impact mosquito populations and 
malaria transmission, though the effect of temperature 
is complex and varies by species. While the lower 
temperature boundaries can enhance transmission, 
temperatures near the upper limit can inhibit both 
mosquito and parasite survival[30,32]. Overall, warmer 
conditions that accelerate the parasite's growth within 
the mosquito have been associated with higher malaria 
transmission rates in both tropical and temperate 
settings[46].
Lymphatic filariasis: This disease transmitted by 
a number of mosquitos (Culex, Anopheles, Mansonia, 
Aedes) species, is also expected to be influenced 
by climate change. Changes in temperature and 
precipitation affect soil moisture and plant shades, 
which create favorable breeding grounds for the 
mosquito vectors. While global warming may increase 
mosquito habitats, other socioeconomic factors are 
expected to play a significant role in the disease's global 
spread[2]. Attempted ecological models predict that 
the number of people at risk of lymphatic filariasis in 

Africa could increase dramatically by 2050, reaching 
1.65 to 1.86 billion, depending on future climate 
developments[22].
Sand fly-borne zoonoses (leishmaniasis)

Sand flies, like mosquitoes, are highly sensitive to 
temperature, which affects both the development of 
the Leishmania parasite within the vector and the sand 
fly's biting rate[47]. Traditionally found south of 45°N 
latitude in Europe, sand flies are spreading towards 
the north as lower rainfall and higher temperatures 
create new suitable habitats for Phlebotomus spp.[2,44]. 
This extension increases the risk of leishmaniasis, 
a disease that ranges from localized skin lesions to 
disfiguring mucosal forms and imposes a significant 
health and financial burden[22]. Ecological models 
predict that sand fly habitats will continue to spread 
with climate change, with human exposure in the USA 
projected to quadruple by 2080 even under moderate 
conditions[22,48].
Tick-borne zoonoses

Tick-borne diseases (parasitic, bacterial, viral) may 
also be strongly affected by rising temperatures, due 
to tick dispersal, developmental cycles, population 
density, and survival over winter months. Warmer 
climates allow ticks to survive at higher latitudes 
and altitudes, widening their geographic range and 
augmenting risk of disease transmission[30]. Warmer 
temperatures can also accelerate transmission by 
improving the synchrony between larval and nymphal 
tick phases, which allows more virulent pathogen 
strains to persist[22]. 
Babesiosis: The hard tick I. scapularis, is the primary 
vector of babesiosis (B. microti, and B. divergans) in 
North America. It is a suitable model for predicting 
northward expansion into Canada by the 2080s[49]. 
This shift is expected to increase the risk of tick-borne 
infections. However, extreme conditions like severe 
droughts or floods could have a negative impact on 
tick populations[44]. Climate change also has indirect 
effects; for example, increased rainfall in Poland can 
promote mushroom growth, leading to more human 
activity in tick-infested forests[50]. As temperatures 
rise, cases of babesiosis have noticeably increased 
in countries like the USA, Canada, and the UK[51]. 
These trends are also influenced by changes in the 
populations and habitats of animal reservoirs like 
deer and rodents[30].
Other vector-borne diseases

Other vectors, including tsetse flies as Glossina spp. 
and Simulium spp. vectors of African trypanosomiasis 
and onchoceceriasis respectively, and triatomine 
bugs that transmits Chagas disease (T. cruzi), are also 
sensitive to meteorological factors like temperature, 
humidity, and rainfall[52].
Chagas disease and African trypanosomiasis: 
Triatoma spp. are predicted to expand into North 
America by 2050, while T. b. rhodesiense (sleeping 
sickness) may expand its range in Southern and 
Eastern Africa by 2090[11]. However, some habitats 
are expected to become less suitable; for instance, 
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environments for forest tsetse flies in Liberia and 
savanna flies in Ghana are suggested to decline by 
2040[52,53]. While a massive expansion of tsetse flies is 
not anticipated, significant population shifts could still 
affect disease transmission[22,54]. 
Onchocerciasis: For some diseases, major shifts are not 
expected. The Simulium spp. vector for onchocerciasis 
is not currently invading new climatically favorable 
areas, suggesting its distribution will remain relatively 
stable[2,55].

Finally, the complex interplay between climate 
change and urbanization further influences the 
distribution of vector-borne parasites. Despite 
sanitation advancements, the rising trend of parasitic 
infections in urban areas suggests that climate change 
may amplify vulnerability. Vector-borne parasites like 
Leishmania and Plasmodium are increasingly prevalent 
in urban settings, raising concerns about future disease 
patterns in a warming world[56].

Climate change: A magnifying threat to public 
health

Climate change is recognized by the World Health 
Organization as a major global health threat[9]. Its 
impact can create new relations between human 
populations and pathogens through mechanisms like 
forced migration, habitat degradation, and shifts in the 
geographic distribution of vectors and environmental 
infections. This increased contact can facilitate cross-
species transmission and pathogen adaptation, 
potentially leading to the establishment of effective 
human-to-human (anthroponotic) transmission[25]. 

Furthermore, climate change can increase capacity 
of pathogens in animal reservoirs, with the risk of 
transfer to human populations. Climate-induced 
variations in temperature and precipitation can alter 
food availability, leading to the growth of reservoir 
populations[9]. The latter are organisms, often animals, 
in which an infectious agent naturally lives and 
reproduces. These animal populations can then become 
a source from which the pathogen is transmitted to 
other populations, including humans.

Changes in predator dynamics and habitat can also 
force animal populations to migrate, widening the range 
of disease reservoirs[57]. Such ecosystem disruptions 
can alter both human and animal behavior, leading to 
more frequent interactions with stressed or infected 
hosts and a higher risk of disease transmission[58].

Global and community-level action
Addressing climate change at a global scale is 

essential. Numerous countries are motivated to 
decrease greenhouse gas emissions by implementation 
of cleaner technologies and renewable energy policies 
to improve energy efficiency[9]. Locally, effective 
adaptation to climate-sensitive infections demands 
better sanitation, increased surveillance of animal 
reservoirs, and comprehensive public education on 
disease prevention. Furthermore, fostering resilience 
via community partnerships also plays an important 

role. This entails working with local, national, and 
international bodies to improve climate funding and 
policy, coupled with implementing strong education 
and awareness initiatives[59]. Specifically, outreach 
and education prove highly effective in reducing food-
borne disease risks by delivering vital information and 
encouraging the use of prevention techniques[20].

Advanced surveillance and technology: Effective 
surveillance is the backbone of a strong defense against 
emerging infectious diseases. 
Epidemiological and genomic surveillance: Complete 
epidemiological data, including contact location, is 
essential for mapping transmission patterns and 
understanding disease progression, as demonstrated 
in studies of tuberculosis transmission[60]. Genomic 
surveillance is crucial for monitoring pathogen 
evolution, vaccine and drug development, and 
facilitating responses to emerging variants. However, 
its effectiveness depends on representative population 
sampling particularly during outbreaks[61].
Predictive and monitoring technologies: Developing 
new technologies for screening and monitoring is 
crucial for early pathogen detection and diagnosis[9]. 
Modern tools like machine learning and artificial 
intelligence are already being used to identify trends, 
predict outbreaks, and enable timely public health 
interventions. These global tracking and modeling 
systems, driven by interdisciplinary collaboration, 
are essential for accurate disease forecasting and 
for informing strategies like early detection and 
vaccination campaigns[62].
Environmental technologies: Innovative 
environmental technologies also offer solutions. 
Environmental photocatalysis, which uses light-
activated catalysts like titanium dioxide, provides 
a sustainable method for removing pathogens and 
pollutants from air and water[63]. This technology 
can be integrated into building materials to create 
self-cleaning surfaces. Additionally, nanotechnology 
can contribute by reducing CO2 emissions from 
construction and improving overall environmental 
quality[64].

Ultimately, successful control of the health threats 
by climate change will depend on a concentrated effort 
that combines these advanced tools with community 
participation and coordinated action across all levels 
of governance, as well as sufficient funding[65]. 

CONCLUDING REMARKS
1.	Effective management of the complex health impacts 

of climate change requires unified interdisciplinary 
collaboration by experts from diverse fields, 
including epidemiology, climatology, urban planning, 
and social sciences. 

2.	The relationship between climate change and public 
health is influenced by various factors such as 
urbanization, global mobility, and socioeconomic 
conditions, which must be considered in any 
response.
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3.	Advanced technologies like AI, remote sensing, and 
GIS must be used to monitor disease vectors, forecast 
outbreaks, and implement timely interventions.

4.	Parasitic diseases, which affect susceptible 
communities, are highly sensitive to climate shifts, 
and require greater attention and resources. 

5.	Solutions must be comprehensive, integrating 
scientific research, technological innovation, and 
strategic policymaking to address the complex nature 
of these health threats.

6.	The goal is not only to lessen immediate health 
impacts but also to develop resistant, long-term 
measures that enhance the well-being of vulnerable 
populations.

7.	Protection of public health against climate change 
is a shared responsibility that requires urgent, 
collaboration from all interested parties to create a 
comprehensive and effective global response.
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