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Abstract: 
Climate, an integral part of life, varies by region. Climate change and deterioration could lead to significant problems. The Industrial 

Revolution introduced anthropogenic factors in climate change for the first time in the 19th century. Due to the increase in energy 

requirements, large volumes of greenhouse gases were released into the atmosphere due to the utilization of fossil fuels such as coal, 

natural gas and oil. The Industrial Revolution led to rapid climate change and environmental problems. The consequences of these 

problems are felt in our age. The most affected area is human health by the climate crisis. Its effect on health could be direct or 

indirect. Infectious diseases that spread globally, crossing both international and intercontinental borders, are described as 

pandemics. Today, infectious diseases continue to be the most common cause of death in developed countries.Population growth, 

unplanned urbanization, consumption of unhealthy industrial food items, high exposure toradiation, air pollution and climate change 

play a role in the development of pandemics. It was reported that climate change altered intra-species interaction and increased the 

risk of infection. Nations should adopt various measures to mitigate the effects of climate change to preserve public health and 

minimize human loss or health risks. The present study aimed to determine whether we should expect novel pandemics due to the 

climate crisis induced by climate change. Thus, studies on the issue were reviewed and the findings are discussed in the present 

study.  

  

Introduction 

Infectious diseases are as old as humans. The first human lived in Africa about 2.5 million years ago. Several 

fossilswereidentifiednear the Olduvai Gorge and Lake Turkana in southern Africa, evidencing that the origin of the Homo species 

was Africa (1-4). To survive, first humans ate animal, insect, or plant carcasses. Then, as they developed certain tools, they started 

to gather and hunt simultaneously.Hunter-gatherer life form dates back 10 thousand years. Humans only settled after the agricultural 

revolution. The transition to settled life induced several radical changes. These included significant changes in habits and nutritional 

culture. The transition to the settled life was a milestone in human history. Settlement, trade of agricultural products, and 

establishment of markets led to several health problems. Diseases spread easily in marketplaces and evolved into epidemics. During 

this period, domestication of animals and increased contact with animalsfacilitated the transmission of diseases from animals to 

humans (5).Climate was described as the average or systematic weather conditions experienced over several years in any region of 

the earth, and the synthesis of weather conditions in a certain area, defined by long-term statistics such as variations and averages 

of atmospheric elements (6). Climate change was described as "changes in the averages and/or variations in climatic parametersover 

decades or longer, regardless of the cause." (7) The anthropogenic factors behind theclimate change have become prominentsince 

the mid-19th century due to higher utilizationof fossil fuels such as coal, oil and natural gas induced by the high energy requirements, 

high pollution of the atmosphere (8). Climate change has indirect or direct effects on health.Hot and cold waves, extreme 

temperatures, storms, floods and fires are among the direct effects of climate change. Indirect effects include epidemics, vector-

borne, infectious, water- and food-borne, respiratory, allergic diseases and Saharan dust, which were investigated in the present 

review (9). The word pandemic originated in Greek, meaning all the people. 

Pandemic was described as an infectious disease that spread globally across international and intercontinental borders (10). The 

World Health Organization defined the pandemic as a non-seasonal infectious disease that spread rapidly due to the lack of human 

immunity to that pathogen. Currently, infectious diseases could still lead to mass deaths even in developed countries. Furthermore, 

new infectious agents have been identified. Population growth, urban sprawl, consumption of unhealthy industrial food items, 

increased exposure to radiation, air pollution, and climate change play a role in the development of pandemics caused by infectious 

microorganisms (11). The effects of climate change are multifaceted and variable. Climate change clearly impacts environmental 

biosecurity, whilesurveillance of infectious diseases requires concurrent analysis of animal-human health, ecological and 

environmental issues (12).As the world recovers from the impact of the Covid-19 pandemic, another crisis has quickly been 

knocking on our door. This crisis entails unpredictable consequences of climate change. Several countries fight to control wildfires, 

rebuild roads and homes damaged by floods, and learn to survive in a warmer and more dangerous world due to the climate crisis. 

However, anoverlooked threat is the development of novel infectious diseases and pandemics due to climate change (13). A 

comprehensive meta-analysis demonstrated that the current climate crisis could aggravate more than 50% of known human 
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pathogens(14).Experts reported that there was no evidence as to whether the climate change affected the rapid spread of Coronavirus. 

However, it was also reported that climate change altered intra-species interaction and increasedinfection risks. Since the world 

warms due to the climate change, creatures that normally live on land and sea have been migrating towards the poles, where they 

have never lived before, due to the increasing temperatures,contacting the species that they never contacted before, transmitting 

pathogens to these species (15). 

The present study aimed to investigate whether there will be novel pandemics due to climate change. 

Thus, initially, the main concepts such as climate, climate change and pandemic are discussed in the following sections. Particularly, 

the concept of pandemic is discussed based on historical background and significant historical pandemics that affected the human 

race. 

Then, the possible correlation between the Covid-19 pandemic and climate change is discussed to investigate whether the climate 

crisis, acurrent global problem, would lead to new pandemics. 

The study was based on the literature, data collected from relevant international organizations, and my observations as an infectious 

disease specialist. 

What is climate? 

Climate entails the averagesand the frequencyof the weather events observed over a long period of time, the peak values in temporal 

changes, and all variations in these parameters (16). A suitable climate and sufficient water resources are prerequisites for human 

life on earth. The chemical composition of the atmosphere is important for living beings. Atmospheric chemistry changes with time. 

The natural climate change that started millions of years ago have produced the clean air and freshwater resources that are currently 

available.If there had been no climate change since the beginning, it would not be possible for living things to exist on Earth (17). 

The natural climate changes also led to the generation of subterranean resources such as oil, coal and natural gas. Current studies 

have scientifically proven that the deserts where oil deposits are located were forests and green fields millions of years ago. 

Furthermore, climate change led people to migrate to areas where water resources were availablefor survival (17). 

Climate change 

According to the United Nations Framework Convention on Climate Change, changes induced by anthropogenic activities that 

directly or indirectly disrupt the composition of the global atmosphere, in addition to natural climate change observed over a 

comparable time, were defined as climate change (6). Climate change could beinduced by solar energy reflections, the earth's orbit, 

atmospheric components, atmospheric albedo, volcanic ashes and cloud cover. All these factors could increase the impact of 

greenhouse gases. Warming of the earth could also lead to climate change. An increase inearth temperature leads to further 

accumulation of the greenhouse gases in the atmosphere. The cause of global warming was the abnormal accumulation of 

greenhouse gases in the atmosphere.Because changes in greenhouse gas concentrations in the atmosphere also altersatmospheric 

gas concentrations. Thus, the atmosphere, hydrosphere and lithosphere that affect the climatedeteriorate, changing the climate (6). 

Climate change was initially considered an environmental problem; however, recent studies demonstrated that its impact was not 

only environmental but more comprehensive. Because climate change does not only change the temperature and precipitation, but 

also affects social and economic life. Thus, the impact, causes and the consequences of the climate change is not only scientific but 

also social and economic (6). 

Climate change also led to health risks. Mortality and spread of infectious diseases have increased due to high temperatures (6). 

The correlation between climate change and the spread of pathogens 

According to the director of Harvard University Center for Climate, Health and the Global Environment, Dr. Aaron Bernstein, 

although there is no evidence that climate change had affected the coronavirus pandemic, climate change could increase infectious 

disease risks since it alters our relationship with other species. Global warming would forceterrestrial and aquatic species to migrate 

towards the poles due to extreme heat. These migrations would lead to contact between the species that normally do not contact 

with each other. This would lead to the transmission ofthe pathogens to new species. Loss of habitat due to climate change would 

also lead to animal migrations and contact with new species (15). Climate change would also affect environmental biosecurity. 

Thus, monitoring infectious diseases, animal-human health, ecology, and environmental issues should be addressed with a holistic 

approach (18).Infectious diseases affect the ecology of hosts, vectors, and pathogens. Vibrio cholerae and Yersinia pestis are well-

studied examples of predictive waterborne and zoonotic diseasemodeling (19, 20). The endemic locations of infectious diseases that 

could be transmitted to humans by non-human vectors could change due to climate change. These changes due to global warming 

would increase and decrease the disease prevalence regions, potentially affecting the survival of the vectors (17).A recent study 

suggested that climate change would increase the likelihood of epidemics induced by animal-to-human transmissions in the future 

(21). It was reported that at least 10,000 viral species could infect humans, the vast majority of which currently infect only wild 

mammals (22, 23). However, changes in climate and land use would lead to the transmission of viruses to certain geographically 

isolated wildlife species (24, 25). Studies predicted that even global warming would remain below two degrees Celsius by 2070, 

infections by species with a high transmission potential to humans would significantly increase. Most intra-species 

transmissionswould be a "dead end" for the viruses. However, those that would mutate and manage to find new hosts could be quite 
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dangerous (26).Animal species would often migrate to residential or agricultural areas as they escape sweltering temperatures and 

other effects of climate change. Thus, the unprecedented interactions between these species wouldlead to transmission of pathogens, 

eventually infecting humans (27). The epidemics such as Ebola, HIV, bird flu, SARS, and most likely Covid-19 were induced 

bywildlife viruses. It was reported that rapid global warming, deadlier and more contagious pandemics could be on the horizon (27). 

 Pandemics 

Pandemics areglobal epidemicsthat affect masses (28). According to the World Health Organization (WHO)definition, an epidemic 

could be considered a pandemic when three conditions are observed: 

1. Spread of a novel disease, 

2. Ability of the pathogen to infect other individuals, leading to dangerous outcomes, 

3. Continuous and easy transmission of the pathogen. 

The mere fact that a disease or a health condition is prevalent and deadlyacross a significant population is not sufficient to describe 

the case as a pandemic. The disease should also be transmitted among individuals. For example, although cancer is the leading cause 

of human death, it could not be considered a pandemic since it is not contagious. 

Several pandemics have been recorded throughout history. These were mostly due to anthropogenic destruction of the nature, the 

decrease in clean water resources, and changes in settlement patterns (29). 

Black Plague (1347 Plague Pandemic) 

Severalpandemicsthat changed the course of history have been recorded in Europe. It was argued that the Roman Empire collapsed 

due to the epidemics during the Middle Ages (30). The Plague recorded in the Middle Ages was reported to be caused by the increase 

in fertility rate in the villages. Despite the increasing population, people ignored hygiene. Even the church and Christian clergy 

accepted uncleanliness as holy (31). To feed the growing population in Europe, individuals tried to improve agricultural production, 

drain the swamps, and open new agricultural areas by cutting down the trees in forests. Thus, nature wasdestroyed, and lives became 

difficult due to the changes in the climate. The crops were frozen, and productivity decreased (32).Human mobility was also effective 

in the spread of the plague. In the 1330s, the plague spread rapidly in Europe and Asia as the Mongols migrated to escape climatic 

changes. Fleas that carried the pathogen first spread to China and then to Europe via the trade routes (33). Since Europe 

hadadequateconditions for the spread of the disease, it spread rapidly and killed half of the infected population. The disease was 

called black death since the cadavers turnedpurple-blackwithin a short time after death (34). 

Cholera Pandemic (1817) 

Cholera is an intestinal infection induced by certain strains of the 'vibrio cholerae'bacteria (35,36). The disease was first observed 

in the Indian Ocean and Asia in 1817. It later spread globally. The disease, which was recorded in the Ottoman Empire in 1881, led 

to several deaths during the Balkan wars (37). Cholera has been endemic in India since ancient times (38). This was due to the 

unhygienic bathing conditions in the sacred Ganges River. Furthermore, the climate of the region led to the rapid spread of the 

bacterium (39). Westward trade routes and the colonization of the region by the British led to further spread of cholera to Europe 

(39). Later, the disease affected all regions between Bengal and Nepal, Africa, Ceylon, Southeast Asia and Japan, namely all regions 

aroundthe British trade routes (40). 

Spanish Flu 

Negative factors such as population growth, malnutrition, mass movements, lack of hygiene, access to health services, poverty and 

war are among the most important causes of pandemics (41). Opinions differ about the origin of the Spanish flu. One hypothesis 

argued that it first broke out in Guangdong, China.Flu outbreaks are quite common in China. It was reported that the Spanish flu 

spread to Europe through trade ports (42). Another view argued that the Spanish flu was induced by the supply chain for World War 

I requirements was originated in colonies (42). The H1N1 virus that causes the Spanish flu changed to adapt to the human body and 

became more lethal. Spanish flue spread in three waves. The disease was initially identified in March 1918, disappeared during the 

summer, and reappeared in 1919 (43). After the First World War, the flu pandemic slowed down as soldiers returned to their homes. 

Due to the decrease in human mobility, the flu pandemic disappeared over time (44). 

Hong Kong Flu(1968) 

Hong Kong flu outbreak was caused by a virus that was a combination of several flu viruses. It was called Hong Kong flue since it 

was first identified in that city. It affected mostly senior citizens older than 65. One million people lost their lives in the outbreak 

(29). 

Other Pandemics 

The 2000 SARS pandemic was also first identified in Hong Kong. The disease spread globally in 2002 and 2003 and killed 775 

individuals. Swine Influenza, also known as the swine flu, first appeared in Mexico in 2009 and spread globally, killing 18,500 
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people. It was called swine flu since the pathogen wassimilar to the virus identified in pigs. The disease disappeared after the 

development of vaccines and antivirals (29). 

Coronavirus, Covid-19 (2019) 

The disease was first identified in Wuhan, China, on December 1, 2019. In 2020, it spread globally, especially in Europe and 

America (29). It was suggested that the COVID-19 pandemic originated at a live animal and aquaculture market in Wuhan, China, 

where wild animals are sold (45). The pandemic, which was initially thought to be short-lived and regress after the measures, 

continued unabated. This was due to the fact that it was a pandemic and observed in every continent and country (46). According 

to some, the climate crisis and the Covid-19 pandemic were not only similar, but different manifestations of the same global 

ecological problem (47). As the Covid-19 epidemic became a pandemic and began to spread in the USA in March, science historian 

Naomi Oreskes, who works on climate change denialism, stated the following: "First, the existence of the pandemic will be denied, 

which is a problem in itself, followed by the denial of its seriousness.Then, it will be argued that it isa difficult and expensive 

problem. It will also be argued that the proposed solutions would threaten our freedoms” (48). Oreskes established a correlation 

between the climate crisis and the pandemic. The present study aimed to discuss future pandemics that the climate crisis could cause, 

rather than the similarity between the climate crisis and the Covid-19 pandemic. 

Discussion 

Theterm "global crisis" has been used for a while to describe climate change when the Covid-19 pandemic began to affect the world 

and extraordinary measures such as lockdowns, travel restrictions and mandatory testing were introduced. Although the term climate 

crisis has been used for a long time, climate scientists and activists began to refer to climate change as climate crisis boldly after the 

speech by Greta Thunberg, a climate activist, at the Davos World Economic Forum in January 2019 (49). The pandemic and the 

climate crisis were widely associatedduring the first half of 2020. We were supposed to overcome both. However, within a short 

time, we got used to the pandemic, just like the climate crisis. We began to exhibit the same indifference to both. To prevent new 

pandemics, we need to change our attitude towards nature, set limits, and ban trade of wild animals(49).Anthropogenic climate 

change would have significant effects on human health, leading to the migration of humans and infectious diseases. Throughout 

human history, human mobility has mainly been an adaptive response to variations in environmental and climatic conditions (50). 

Epidemiological studies have identified health risks associated with extreme temperature changes, climate-induced natural disasters, 

changing crop yields and water supply. However, infectious diseases have also been determined as factors. The present study 

findings indicated that environmental support systems for sustainable biological health and human security have been weakening or 

depleting (51, 52). 

The climate crisis could affect the spread of oandemics through various ways: 

Increase in pandemic incidence due to human migration 

Infectious diseases are affected by migration. Both international and domestic migration induced by the climate crisis exposes 

migrants to infection in the regions they migrate to. Furthermore, these people also carry infection agents during movement to the 

new settlements, which alters the distribution and incidences of infectious diseases (53, 54). Prior immunity of a population to 

certain infectious diseases is a significant modulator of risks for both immigrants and host populations (55). Migration induced by 

the climate crisis would potentially expose migrants to endemic diseases for which they have limited immunity or those on which 

they lack socio-cultural experience (56, 57).Malaria is a good example for these diseases. Malaria is commonly observed among 

immigrants that migrated to theregions where malaria is endemic (58). On the contrary, immigrants could also carry tuberculosis, 

hepatitis B and sexually transmitted microorganisms to target regions (53, 54). Infectious disease risks also have social determinants 

associated with working and living conditions and healthcare behavior, including immigrants' access to health services (53). 

Pandemics Induced by Natural Disasters 

The most common infectious diseases induced by natural disasters include diarrhea, measles, meningitis, acute respiratory 

infections, tuberculosis, and malaria (59, 60). Epidemic diseases such as influenza A (H1N1) are a concern in crowded campsthat 

often include malnourished populations(61). Overcrowding and poor hygiene in migrant camps led to intestinal disease outbreaks 

such as cholera and shigellosis. In September 2012, a cholera epidemic was observed simultaneously with an acute Hepatitis E 

outbreak in Dadaab, the world's largest refugee camp in Kenya (62). New infectious diseases introduced by immigrants to host 

populations could include intestinal parasites and multidrug-resistant malaria (63). Furthermore, several poor urban communities 

live in high-risk areas for the adverse effects of climate change, including lack of freshwater, rise of sea level, flooding and high 

infectious disease incidence (64, 65).For example, in Bangladesh, poor rural families have migrated to  large and crowded Dhaka 

slums due to tidal flooding and river bank erosionin recent years. This migration poseddiarrhea, dengue fever and skin infection 

risks. A recent model predicted that the risk of dengue transmission would extend to 2100in Dhaka. Annual dengue fever 

incidencewould increase 2-fold with a 1°C mean temperature increase, 7-fold with a 2°C mean increase by 2100,and about 40-fold 

with a 3.3°C mean increasein Dhaka (66). Thus, climate-induced migration to poor urban areas could expose populations to 

infectious diseases, which would increase further with climate change.Resettlement of communities has affected infectious disease 
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dynamics. Due to resettlement in marginal agricultural environments, individuals were exposed to infectious diseases (e.g. 

schistosomiasis) while trying to make a living with agriculture and livestock breeding (67). Climate change would significantly 

determine the scale and nature of migration in the next decades (68). Infectious diseases in humans and animals have played a 

significant role in history. Plague epidemics were reported in Rome (2nd century BC) and Athens (5th century BC) in the bible. The 

Black Death epidemic that hit Europe in the 14th century destroyed one-third to one-half of the European population (69). 

Climate crisis is expected to lead to several vector-borne epidemics. 

Certain Expected Pandemics Due to the Climate Crisis 

Sin Nombre virusis a Hanta virus. It was transmitted to humans by deer mice via direct contact. It could also be transmitted 

indirectly through mice droppings. The virus leads to the rare Hantavirus pulmonary syndrome (HPS). Although it is rare, the 

mortality is 40% in HPS. In 1993, an HPS outbreak was witnessed in the “Four Corners” region of the southwestern United States. 

The cause of the epidemic was the heavy snow during the El Niño winter and the abundance of vegetation transported by the spring 

runoff and excessive rainfall, which led to an increase in the related vector population (70). The 1993 epidemic, which was a classic 

example of the correlaion between the climate crisis and infectious diseases, was also significant since a novel PCR technology was 

employed to identify an unknown infectious disease for the first time (71). Thus, public health authorities started to regularly employ 

climate data to predict rodent populations and possible hantavirus outbreaks (12). 

Powassan virusis a rare disease spread by Ixodes scapularis ticks. Survivors could suffer fromneurological sequelae in the long 

run, and the virus is often fatal(72). Climate modelsdeveloped in the United States predicted that the Ixodes scapularis tickswould 

move westward and northward in the future (73). These movementswould lead to an increase in the incidence of the disease caused 

by the Powassan virus in new residential areas. 

Schistosomiasis:In 2008, Utzingeret al. published a report on the potential impact of climate change on schistosomiasis transmission 

in China. The models based on estimated temperature ranges where schistosomes could develop within the snail predicted that 

schistosome transmission to currently non-endemic areas would increase due to rising temperatures (74). Recently, an update was 

published and confirmed earlier predictions that additional areas would be affected by the transmission. In another study, De Leo et 

al.published similar predictions in Africa, and determined the regions where S. haematobium and S. mansoniincidences would 

increase or decrease due to climate change (75). 

Malariais an infection induced by Plasmodium species. Female Anopheles mosquitoes carry and transmit this parasite. Plasmodium 

vivax is prevalent in Southeast Asia and the Pacific, and P.falciparum is prevalent in Africa, Southeast Asia and the Western Pacific 

(76). Climate change factors such as extreme temperatures, humidity, wind and heavy rainfall could affect the distribution and 

abundance of vectors that are important for plasmodium. Furthermore, climate change has various effects on other vectors such as 

Culex, the West Nile Fever pathogen (77). Increased precipitation wouldenlarge the distribution areas of mosquitoes and extend the 

transmission season (78). However, although malaria transmission is sensitive to climate like other infections, it is a complex disease 

and changes in transmission could not be attributed solely to climate (79, 80). 

Valley fever:Valley fever is the common name for Coccidioidomycosis, a flu-like disease caused by the pathogenic Coccidioides 

sppfungus. The disease is endemic to the southwestern United States. Coccidioidomycosis epidemics generally follow rains 

followed by dry periods (71). The fungus grows during moist periods. When the soil dries, the disease spreads easily via the 

inhalation of the spores in dust clouds. A recent model predicted that a high global warming scenario could make the disease endemic 

in 5 states in the Northwestern USA, increasing the incidence by 50% (81). It is uncertain whether all these scenarios would come 

true. But the disease has recently spread to Washington State. As global warming continues, at least some of these scenarioscould 

be possible (82). 

Weather events caused or exacerbated by climate change often coincide with an increase in disease vector activities. For instance, 

floods are among the most devastating disasters induced by climate change in terms of physical damages and mobilization of key 

disease vectors such as mosquitoes. Effective forecasting and monitoring of these weather events are complex and entail 

consideration of several factors. However, climate modelsthat employ artificial intelligence technology could effectively predict 

floods and monitor their consequences (83). 

Conclusion 

There is ample evidence that climate change has affected pathogen-vector-host systems, particularly in temperate, circumpolar, and 

high-altitude regions in the tropics. Scientists demonstrated the global spread of vectors and the pathogens they carry. If humans 

fail to mitigate the effects of or adapt to climate change, and the increase in drug and pesticide continues, the likelihood of similar 

pandemicswould increase in the future. The number of novel vector-borne outbreaks has increased in recent years due to 

socioeconomic and environmental factors, global warming and climate change. Even the most optimistic predictions estimated that 

the impact of climate change will significantly change within decades or years rather than centuries.These variations will, in turn, 

would lead to ever-changing public health problems, due in part to higher data collection capabilities, leading to a global health 

crisis. Climate change clearly affects infectious diseases and biosecurity in general. Thus, bio-surveillance, animal-human-plant 

health, ecology and environmental issues should be further analyzed. Nobody wants to own the responsibility of climate change 

control. Everyone should contribute to these efforts globally. On the other hand, the Covid-19 pandemic led to intergovernmental 
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and multinational cooperation in an urgent and challenging crisis.However, climate change is so complex that it is quite difficult to 

determine future challenges. Nor they could be approached with existing tools. The World Health Organization (WHO) is the most 

prominent organization involved in the collection of global health data. The organization's "SCORE" system helps member states 

to improve health data collection and distribution. Diseases induced by the climate crisis could significantly affect public health. 

Countries allocatedsignificant budgets to reduce these negative effects. Measures and adaptation effortscould minimize human loss 

and health risks. Several pandemics have occurred throughout human history. Post-pandemic crises led to several public health, 

economic and national security problems. Thus, prevention of the climate crisis would also prevent future pandemics. 
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