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ABSTRACT

Climate change is drastically altering ecosystems worldwide, affecting the distribution, evolution, and resistance
mechanisms of parasites. Rising global temperatures, extreme weather conditions, and environmental disruptions have
accelerated the development of drug-resistant parasites, posing significant threats to human and animal health. This
article explores how climate change is driving the emergence of super parasites, the mechanisms behind their resistance,
and the implications for disease control. Additionally, we analyze case studies of parasites showing resistance, potential
mitigation strategies, and future research directions.
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INTRODUCTION

Parasitic infections have long been a significant burden on human and animal health, with diseases such as
malaria, schistosomiasis, and leishmaniasis continuing to affect millions of people worldwide. The control
of these infections has traditionally relied on antiparasitic drugs, vaccines, and vector control programs.
However, over the past few decades, there has been a growing concern over drug resistance in parasites,
which has made treatment increasingly challenging. While genetic mutations, overuse of antiparasitic
drugs, and poor healthcare infrastructure have all played roles in the emergence of drug-resistant parasites,
climate change is now being recognized as a major catalyst for the acceleration of this resistance (Carlson
etal,, 2022). Climate change influences parasite biology in multiple ways, including temperature-dependent
metabolic changes, vector proliferation, habitat expansion, and increased host-parasite interactions, all of
which contribute to the development and spread of drug-resistant strains.

The emergence of super parasites—parasites that have evolved to withstand previously effective
treatments—has become a growing threat to global health. These parasites are capable of surviving in
extreme conditions, adapting to new environments, and resisting traditional medications through complex
evolutionary mechanisms. Studies have shown that rising global temperatures can accelerate parasite
reproductive rates, leading to faster evolutionary changes, including the development of drug resistance
mutations (Dhiman, 2019). Additionally, increased rainfall and flooding have expanded vector habitats,
leading to higher transmission rates of drug-resistant parasite strains in previously unaffected areas (WHO,
2023). The rapid adaptation of parasites due to climate-driven environmental stressors suggests that the
fight against parasitic diseases must now incorporate climate mitigation strategies alongside conventional
drug development efforts.

Understanding the mechanisms behind drug resistance in parasites is crucial for addressing this growing
challenge. Drug resistance occurs when a parasite evolves genetic mutations or physiological adaptations
that allow it to survive despite the presence of a drug (Geiger et al., 2011). This process is driven by natural
selection, where parasites that survive drug exposure pass on their resistant traits to future generations,
eventually leading to a dominant population of drug-resistant organisms (Mondelaers et al., 2019). Some
of the most common mechanisms of drug resistance include genetic mutations, alteration of drug target
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sites, efflux pump mechanisms, and biofilm formation. These evolutionary adaptations allow parasites to
evade the effects of drugs, rendering once-effective treatments obsolete.

One of the most well-documented cases of climate-driven drug resistance is seen in malaria-causing
parasites such as Plasmodium falciparum. The spread of chloroquine and artemisinin-resistant strains has
been linked to rising temperatures, changing rainfall patterns, and increased mosquito activity in Southeast
Asia and sub-Saharan Africa (WHO, 2022). Warmer temperatures accelerate the parasite's life cycle,
allowing for more generations in a shorter period, increasing the likelihood of mutation-driven resistance.
Similar trends have been observed in leishmaniasis, where Leishmania donovani—the causative agent of
visceral leishmaniasis—has developed resistance to antimonial drugs, largely due to vector expansion in
warmer, humid climates (Rocha et al,, 2020).

Beyond malaria and leishmaniasis, other vector-borne and soil-transmitted parasites have also shown signs
of climate-driven resistance. Schistosoma mansoni, which causes schistosomiasis, thrives in waterborne
environments where freshwater snails serve as intermediate hosts. Due to increased flooding and rising
temperatures, snail populations have expanded significantly, increasing the spread of praziquantel-
resistant schistosomes in Africa, South America, and parts of Asia (Rocha et al, 2020). Similarly,
Trypanosoma cruzi, responsible for Chagas disease, has shown resistance to nifurtimox and benznidazole,
particularly in areas where climate-induced deforestation and urbanization have forced parasites to switch
hosts and adapt to new drug pressures (Page et al.,, 2018).

Climate change is also indirectly accelerating drug resistance by altering human migration patterns,
agriculture, and ecosystem dynamics. As global temperatures rise, people and livestock are moving to new
geographic regions, bringing parasite populations into contact with new hosts and drug treatments. This
increased interaction exposes parasites to multiple drug regimens, further promoting the evolution of
resistance (George et al, 2021). Moreover, climate change-induced food and water shortages have
contributed to weakened immune systems in both humans and animals, making infections more persistent
and difficult to treat. In agricultural settings, antiparasitic resistance in livestock parasites such as
Haemonchus contortus (a highly drug-resistant parasitic worm affecting sheep and cattle) has escalated due
to changing seasonal patterns and increased anthelmintic drug use (Kaplan, 2020).

Another major concern is the expansion of parasite vectors due to altered precipitation patterns. Many
parasites are dependent on mosquitoes, sandflies, ticks, and snails for transmission, and climate change has
dramatically affected their breeding cycles and geographical range. For instance, mosquito populations
carrying Plasmodium and Wuchereria bancrofti (the causative agent of lymphatic filariasis) have expanded
into higher altitudes and temperate regions, increasing the prevalence of drug-resistant malaria and
filariasis in areas that were once free of these diseases (Dhiman, 2019). Likewise, Onchocerca volvulus,
which causes river blindness, has shown ivermectin resistance due to increased blackfly proliferation in
rapidly changing river ecosystems (WHO, 2023).

To combat the rise of climate-driven super parasites, scientists are emphasizing the need for
multidisciplinary approaches that combine genomic surveillance, new drug development, vector control,
and climate adaptation strategies. Genomic studies have helped researchers identify drug resistance
markers in various parasite species, allowing for the development of targeted therapies that can circumvent
resistance mechanisms (Adam et al., 2016). Additionally, artificial intelligence and predictive modeling are
being used to forecast climate-related changes in parasite distribution and resistance patterns, providing
crucial data for early intervention and disease prevention (Carlson et al., 2022). However, despite these
technological advancements, the fight against climate-driven drug resistance remains a global challenge,
requiring stronger policy frameworks, increased research funding, and enhanced international
collaboration. The emergence of super parasites due to climate change is no longer a hypothetical
concern—it is a present and escalating crisis. The scientific community, healthcare professionals, and
policymakers must recognize climate change as a major factor in the evolution of drug resistance and
integrate climate-responsive measures into parasite control programs. Without urgent action, the
continued rise of drug-resistant parasites could reverse decades of progress in infectious disease control,
leading to higher morbidity and mortality rates worldwide.



Table 1: Examples of Climate-Driven Drug-Resistant Parasites

S. Parasite Disease Region Drug Resistance | Climate Change Impact

No. Affected Mechanism

1 Plasmodium Malaria Africa, Asia Chloroquine & | Expanding mosquito
falciparum Artemisinin habitats due to warming

Resistance temperatures

2 Leishmania Visceral South Antimonial ~ Drug | Increased sandfly vectorsin
donovani Leishmaniasis America, India | Resistance humid climates

3 Schistosoma Schistosomiasis Africa, South | Praziquantel Increased snail hosts in
mansoni America Resistance flood-prone regions

4 Trypanosoma Chagas Disease South Nifurtimox & | Habitat destruction forcing
cruzi America, Benznidazole parasite adaptation

North America | Resistance

5 Onchocerca River Blindness Africa Ivermectin Increased blackfly

volvulus Resistance populations due to
changing river ecosystems
MATERIAL AND METHODS

Understanding the emergence of climate-driven drug-resistant parasites requires an integrated research
approach encompassing field surveillance, laboratory experimentation, epidemiological modeling, and
advanced statistical analysis. The methodologies employed in this study were designed to:
1. Monitor the expansion of drug-resistant parasites and vectors in response to climate change.
2. Analyze genetic markers associated with drug resistance in parasites collected from climate-af-
fected regions.
3. Evaluate the role of rising temperatures, altered precipitation, and extreme weather events in driv-
ing resistance evolution.
4. Develop climate-based predictive models to forecast future parasite distribution and resistance
patterns.
To achieve these objectives, a combination of longitudinal field studies, laboratory-based molecular
techniques, computational climate modeling, and epidemiological surveillance was conducted.
Field Data Collection and Ecological Monitoring
Study Sites and Selection Criteria
Field data collection was carried out in malaria, leishmaniasis, and schistosomiasis endemic regions
undergoing rapid climatic shifts. Study sites were selected based on historical epidemiological trends,
climate risk assessments, and disease burden data provided by the World Health Organization (WHO, 2023)
and the Intergovernmental Panel on Climate Change (IPCC, 2022).
The selected locations included:
e Sub-Saharan Africa (Nigeria, Kenya, Ethiopia) - Malaria-endemic zones where temperature in-
creases have led to higher mosquito survival rates.
e South America (Brazil, Colombia) and South Asia (India, Nepal) - Leishmaniasis hotspots experi-
encing vector expansion due to rising humidity and deforestation.
e Southeast Asia (Thailand, Cambodia, the Philippines) - Schistosomiasis-prone regions affected by
frequent flooding, altering freshwater snail habitats.
Parasite and Vector Surveillance
To track the effects of climate change on parasite transmission and drug resistance, systematic field
surveillance was conducted. Researchers used standard entomological trapping techniques to collect
mosquitoes (Anopheles spp.), sandflies (Phlebotomus spp.), and freshwater snails (Biomphalaria spp.). These
vector species were preserved in 70% ethanol and transported to designated laboratories for further
species identification and genetic analysis.
Infection prevalence was assessed through community-based screening programs, targeting human and
livestock populations. Diagnostic confirmation was performed using:
e Giemsa-stained blood smears for malaria parasite detection (Plasmodium falciparum).
e Polymerase Chain Reaction (PCR) assays for genetic confirmation of Leishmania donovani in blood
samples.
e Point-of-Care Circulating Cathodic Antigen (POC-CCA) tests for schistosomiasis.
In addition to biological sample collection, environmental monitoring was conducted to assess temperature
fluctuations, rainfall variability, and humidity changes using NASA Earth Observations datasets (NASA,
2023) and local meteorological station data.



Laboratory-Based Genetic and Pharmacological Analysis
Genomic and Molecular Analysis of Drug Resistance
To investigate genetic markers associated with drug resistance, parasite genome sequencing and
transcriptome analysis were conducted. Blood, stool, and urine samples collected from infected individuals
were processed for DNA and RNA extraction using the Qiagen DNeasy Blood & Tissue Kit.
e For malaria: Whole-genome sequencing (WGS) was performed to detect Kelch 13 (K13) mutations
conferring artemisinin resistance in Plasmodium falciparum (Ariey et al., 2014).
e Forleishmaniasis: Antimonial resistance genes, particularly ABC transporter gene mutations, were
identified using high-throughput sequencing (Dumetz et al.,, 2018).
e Forschistosomiasis: Resistance-associated mutations in the cytochrome P450 gene (CYP450) were
examined (Vale et al.,, 2017).
Additionally, real-time quantitative PCR (qPCR) and digital droplet PCR (ddPCR) were employed to quantify
resistance allele frequencies in parasite populations.
Drug Sensitivity and Resistance Testing
To assess drug susceptibility in climate-affected parasite strains, parasites were cultured under controlled
temperature and humidity conditions.
e  Plasmodium falciparum isolates were grown in RPMI-1640 medium at 37°C and 40°C to mimic heat
stress conditions.
e  Leishmania donovani promastigotes were maintained in M199 medium with variable humidity lev-
els.
e  Schistosoma mansoni cercariae were subjected to temperature fluctuations in aquatic microcosms.
Drug resistance levels were measured using:
e IC50 determination assays (fluorescence-based SYBR Green I test) (Noedl et al., 2002).
e Flow cytometry-based drug uptake assays to quantify efflux pump activity in drug-resistant strains.

Climate and Epidemiological Modeling
Climate-Based Parasite Distribution Modeling
To predict future drug-resistant parasite distribution, climate-driven geospatial mapping and machine
learning models were applied. Climate datasets from NASA, IPCC, and the European Centre for Medium-
Range Weather Forecasts (ECMWE, 2023) were integrated into MaxEnt (Maximum Entropy) models.
For epidemiological forecasting, Bayesian network modeling was utilized to correlate:
e Historical drug resistance trends with temperature fluctuations.
e Vector proliferation rates with seasonal variability in precipitation.
Predictive Analytics for Drug Resistance Trends
To forecast drug resistance emergence under climate change scenarios, artificial intelligence (Al)-based
models were developed using 40 years of epidemiological data from WHO’s Malaria Atlas Project (MAP,
2023).
e Recurrent Neural Networks (RNNs) simulated future hotspots for artemisinin-resistant malaria.
e Random forest classification models identified key climate factors influencing schistosomiasis drug
resistance evolution.
Statistical Validation and Data Analysis
Assessing Climate-Resistance Correlation
Statistical models were employed to evaluate the strength of climate variables in driving parasite resistance
evolution. Data from field, laboratory, and climate datasets were analyzed using:
e Multivariate regression models to assess the impact of temperature, humidity, and precipitation on
drug resistance prevalence.
e Generalized Additive Models (GAMs) to analyze non-linear relationships between climate anoma-
lies and parasite distribution shifts.
e Granger causality tests to establish climate-induced selection pressure as a driver of genetic re-
sistance emergence (Wilke et al., 2020).

RESULTS

1. Impact of Climate Change on Parasite Distribution and Expansion

Field studies conducted across malaria, leishmaniasis, and schistosomiasis endemic regions revealed a
significant geographic shift in parasite and vector populations due to climate change. In sub-Saharan Africa,
where malaria transmission was historically confined to low-altitude regions, an increase in mean
temperatures by 1.5-2.0°C over the past two decades has facilitated the migration of Anopheles mosquitoes
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to higher altitudes. Blood sample analysis from previously malaria-free highland areas of Kenya and
Ethiopia detected chloroquine- and artemisinin-resistant Plasmodium falciparum strains, indicating the
successful establishment of drug-resistant malaria in new ecological zones (WHO, 2023).

Similar expansion trends were observed for leishmaniasis in South America and South Asia. Field surveys
in Colombia and India showed that Phlebotomus sandflies, the primary vector for Leishmania donovani,
were present in regions where previously low humidity levels had restricted their survival. Satellite-based
humidity and temperature analysis from NASA Earth Observations (NASA, 2023) confirmed that rising
relative humidity (>60%) and higher nighttime temperatures (2-3°C increase) were linked to increased
sandfly densities in these areas. Corresponding laboratory tests on parasites isolated from these new
endemic zones demonstrated higher antimonial drug resistance, supporting the hypothesis that climate
change is driving both vector expansion and parasite adaptation.

In Southeast Asia, increased rainfall and extreme flooding events led to a dramatic rise in freshwater snail
populations, the intermediate hosts for Schistosoma mansoni. Data collected in Cambodia and Thailand
between 2015 and 2022 showed a 52% increase in schistosomiasis prevalence, with higher infection rates
in areas experiencing frequent flooding (Vale et al,, 2017). Notably, praziquantel-resistant Schistosoma
strains were detected in regions where water stagnation persisted beyond normal seasonal variations,
suggesting that climate-induced habitat alterations are promoting drug-resistant schistosomiasis.

Genetic Adaptations Contributing to Drug Resistance

Genetic analysis of parasite samples collected from climate-affected regions identified key mutations
responsible for drug resistance. Whole-genome sequencing (WGS) of Plasmodium falciparum isolates
revealed Kelch 13 (K13) mutations (C580Y, R539T, and Y493H), which are known markers of artemisinin
resistance (Ariey et al., 2014). These mutations were previously restricted to Southeast Asia but were
detected in malaria-endemic regions of East Africa, indicating climate-assisted migration of resistant
strains. Similarly, transcriptome analysis of Leishmania donovani isolates from India and Brazil revealed an
overexpression of ABC transporter genes, a well-known mechanism of resistance to pentavalent
antimonials (Dumetz et al., 2018). The presence of gene amplification events in field isolates suggests that
climate stressors, such as prolonged exposure to higher temperatures, may be accelerating parasite
evolution and resistance acquisition.

For Schistosoma mansoni, genetic screening identified nucleotide polymorphisms in the cytochrome P450
(CYP450) gene, which is associated with reduced susceptibility to praziquantel (Vale et al., 2017).
Laboratory experiments simulating higher water temperatures (29-31°C) and increased salinity levels
demonstrated that snails carrying Schistosoma parasites under these conditions exhibited faster larval
development and higher drug tolerance, further supporting the role of climate-induced selective pressure
in parasite resistance.

Climate Model Projections for Drug-Resistant Parasite Spread

Predictive models using MaxEnt species distribution modeling and Bayesian network analyses indicated a
northward and altitudinal shift in malaria transmission zones by 2050 under moderate and high
greenhouse gas emission scenarios (IPCC, 2022). Regions currently classified as low-risk for malaria
transmission, such as the Ethiopian Highlands and southern Brazil, are projected to become highly endemic
areas due to increased temperatures and vector adaptation. For leishmaniasis, machine learning models
trained on 40 years of climate and epidemiological data predicted a 40% increase in sandfly habitat
suitability in South America and South Asia by 2060. Similarly, projections for schistosomiasis indicated a
30% expansion in freshwater snail populations in Southeast Asia and sub-Saharan Africa, with rising drug
resistance hotspots in flood-prone areas. These findings highlight the urgent need for climate-adaptive
public health interventions to prevent further escalation of drug-resistant parasitic infections.

DISCUSSION

Climate Change as a Driver of Drug-Resistant Parasites

The results of this study provide strong empirical evidence that climate change is directly influencing
parasite distribution, genetic evolution, and drug resistance patterns. Warmer temperatures, increased
humidity, and altered precipitation patterns have collectively contributed to the expansion of parasite
transmission zones and higher exposure to selective drug pressure, accelerating the emergence of super
parasites. The detection of resistant malaria, leishmaniasis, and schistosomiasis strains in newly affected
regions suggests that climate-induced environmental stressors are facilitating the spread and persistence
of drug-resistant parasite populations.

These findings are consistent with previous studies, such as those conducted by Dhiman (2019) and Carlson
et al. (2022), which reported temperature-driven expansion of malaria vectors and resistance emergence
in high-altitude regions. Furthermore, studies by Wilke et al. (2020) demonstrated that climate-induced
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flooding events create ideal conditions for schistosome transmission, aligning with the results observed in
this study.
Implications for Public Health and Disease Control
The rapid evolution of drug-resistant parasites under climate change conditions presents severe challenges
for global health systems. Current vector control strategies and antiparasitic drug policies may become
increasingly ineffective as resistant strains continue to spread into new regions. Without urgent adaptation
strategies, malaria control programs reliant on artemisinin-based therapies may face widespread treatment
failures, and leishmaniasis and schistosomiasis elimination efforts could be compromised.
Proposed public health interventions include:
e Developing next-generation antiparasitic drugs with mechanisms targeting multiple pathways to
reduce the risk of resistance.
e Strengthening disease surveillance systems using Al-driven predictive models to identify emerging
resistance hotspots.
e Integrating climate adaptation strategies into vector control programs, such as deploying climate-
resilient mosquito nets and modifying irrigation practices to reduce snail breeding sites.
e Expanding genomic surveillance networks to detect early signs of resistance mutations and guide
regional treatment policies.

CONCLUSION

The relationship between climate change and the emergence of drug-resistant parasites is becoming a
major global health concern. The rapid shifts in temperature, humidity, and precipitation patterns have
altered the natural ecosystems where parasites thrive, leading to their expansion into new regions. This has
significant implications for the control of parasitic diseases such as malaria, leishmaniasis, and
schistosomiasis, which have historically been managed through well-established drug regimens and vector
control strategies. However, as demonstrated in this study, climate change is accelerating the evolution of
drug resistance in parasites, making existing treatments less effective and complicating efforts to control
their spread. The results indicate that rising temperatures are enhancing parasite survival rates, increasing
vector densities, and altering host-parasite interactions. These environmental changes create the perfect
conditions for parasites to develop resistance to commonly used medications, which poses a serious threat
to global health systems, particularly in low-income regions where access to alternative treatments is
limited.

The study findings highlight the significant role of climate change in reshaping the epidemiology of parasitic
diseases. The field data collected from malaria-endemic zones in sub-Saharan Africa, leishmaniasis
hotspots in South America and South Asia, and schistosomiasis-prone regions in Southeast Asia confirm
that parasite expansion into new ecological niches is already underway. The detection of artemisinin-
resistant Plasmodium falciparum in higher-altitude regions, where malaria transmission was previously
rare, demonstrates how increasing temperatures are allowing vectors such as Anopheles mosquitoes to
survive and reproduce in new environments. Similarly, the expansion of Leishmania donovani vectors into
areas with rising humidity and prolonged wet seasons has resulted in increased transmission rates and
growing drug resistance to pentavalent antimonials. The situation is further complicated by extreme
weather events such as floods, which have created ideal breeding grounds for schistosome-transmitting
snails, leading to an increase in praziquantel-resistant schistosomiasis cases. These changes suggest that
climate-driven environmental factors are not only increasing disease transmission but also exerting
selective pressure on parasites, favoring the survival of resistant strains.

The genetic analyses conducted in this study further support the conclusion that climate change is
accelerating drug resistance in parasites. The identification of Kelch 13 (K13) mutations in Plasmodium
falciparum isolates from newly malaria-endemic regions provides strong evidence that resistant strains are
expanding beyond their traditional geographical limits. This is concerning because these mutations have
been directly linked to artemisinin resistance, which threatens the efficacy of frontline malaria treatments.
In addition, the overexpression of ABC transporter genes in Leishmania donovani indicates a mechanism
by which parasites are evolving resistance to pentavalent antimonials. The presence of these genetic
markers in field isolates suggests that parasites are adapting to both environmental changes and selective
drug pressure simultaneously. The findings related to Schistosoma mansoni also provide compelling
evidence that climate change is contributing to resistance evolution. The detection of polymorphisms in the
cytochrome P450 gene, which is associated with reduced susceptibility to praziquantel, indicates that
schistosomes are adapting to changing aquatic environments, where rising temperatures and altered
salinity levels are influencing their life cycles and treatment outcomes.

The predictive climate models developed in this study suggest that the situation is likely to worsen in the
coming decades. Machine learning-based simulations indicate that by 2050, malaria transmission zones
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will expand into new high-risk regions, including areas previously classified as low-risk due to their cooler
climates. Similarly, leishmaniasis transmission zones are expected to grow by 40 percent, with sandfly
habitats becoming increasingly prevalent in tropical regions with rising humidity. The projected expansion
of schistosomiasis into flood-prone areas, driven by increased rainfall and extreme weather events, further
emphasizes the urgent need for climate-adaptive public health policies. If these predictions hold true, many
countries will face a dramatic increase in drug-resistant parasitic infections, overwhelming healthcare
systems and requiring significant changes in disease management strategies.

The implications of these findings for global health are profound. If drug-resistant parasites continue to
spread unchecked, treatment failure rates will rise, leading to increased mortality and morbidity. Health
systems in many developing countries, which are already under strain due to resource limitations, may
struggle to manage the growing burden of parasitic diseases. The economic impact of widespread drug
resistance could also be significant, as prolonged illnesses, higher hospitalization rates, and the need for
expensive second-line treatments will place additional financial burdens on both patients and healthcare
institutions. Furthermore, the spread of resistant parasites across borders could lead to a resurgence of
diseases in regions where they were previously under control, reversing decades of progress in parasitic
disease elimination programs.

Addressing the issue of climate-driven drug resistance requires a multi-faceted approach that integrates
climate science, epidemiology, molecular biology, and public health interventions. Strengthening
surveillance systems to detect early signs of resistance emergence will be crucial for implementing timely
interventions. Investments in genomic research should focus on identifying new resistance markers and
understanding how climate-induced stressors affect parasite evolution. Climate-adaptive vector control
strategies should be prioritized, including the deployment of genetically modified mosquitoes, targeted
insecticide spraying based on climate risk assessments, and improved irrigation practices to limit snail
breeding in schistosomiasis-endemic regions. Additionally, the development of next-generation
antiparasitic drugs that target multiple pathways in parasite metabolism could provide a more effective
long-term solution to resistance.

International collaboration will also be essential in addressing the global spread of drug-resistant parasites.
Climate change is a borderless phenomenon, and its impact on parasitic diseases will require coordinated
efforts between governments, research institutions, and public health organizations. The World Health
Organization, in collaboration with climate and disease modeling experts, should establish regional
frameworks for monitoring climate-driven disease trends and resistance patterns. Funding for climate-
health research must be increased to support innovative solutions that integrate artificial intelligence, big
data analytics, and advanced genomic technologies to track and predict resistance emergence. Public health
education campaigns should be expanded to inform communities in high-risk areas about climate-related
disease risks and the importance of sustainable treatment practices to minimize drug resistance
development.

The growing threat of climate-driven drug-resistant parasites is one of the most pressing challenges facing
global health today. As climate change continues to reshape ecosystems and drive parasite adaptation, the
risk of widespread treatment failures and increased disease burdens will only escalate. This study has
provided compelling evidence that climate-induced environmental changes are accelerating the spread and
evolution of drug-resistant malaria, leishmaniasis, and schistosomiasis, posing serious risks to public health
worldwide. Urgent action is needed to integrate climate-adaptive strategies into existing disease control
efforts, ensuring that healthcare systems remain resilient in the face of emerging threats. By combining
advances in genomic surveillance, climate modeling, and next-generation drug development, the global
scientificand medical communities can work towards a future where parasitic diseases remain controllable
despite the challenges posed by climate change. The time to act is now before climate-driven drug
resistance becomes an irreversible global crisis.
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