
Grand Valley State University Grand Valley State University 

ScholarWorks@GVSU ScholarWorks@GVSU 

Honors Projects Undergraduate Research and Creative Practice 

5-2022 

Vectors, Pathogens and Climate Change: How Will Human Health Vectors, Pathogens and Climate Change: How Will Human Health 

be Affected? be Affected? 

Joseph T. Barry 
Grand Valley State University 

Follow this and additional works at: https://scholarworks.gvsu.edu/honorsprojects 

 Part of the Biology Commons 

ScholarWorks Citation ScholarWorks Citation 
Barry, Joseph T., "Vectors, Pathogens and Climate Change: How Will Human Health be Affected?" (2022). 
Honors Projects. 887. 
https://scholarworks.gvsu.edu/honorsprojects/887 

This Open Access is brought to you for free and open access by the Undergraduate Research and Creative Practice 
at ScholarWorks@GVSU. It has been accepted for inclusion in Honors Projects by an authorized administrator of 
ScholarWorks@GVSU. For more information, please contact scholarworks@gvsu.edu. 

https://scholarworks.gvsu.edu/
https://scholarworks.gvsu.edu/honorsprojects
https://scholarworks.gvsu.edu/urcp
https://scholarworks.gvsu.edu/honorsprojects?utm_source=scholarworks.gvsu.edu%2Fhonorsprojects%2F887&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/41?utm_source=scholarworks.gvsu.edu%2Fhonorsprojects%2F887&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.gvsu.edu/honorsprojects/887?utm_source=scholarworks.gvsu.edu%2Fhonorsprojects%2F887&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@gvsu.edu


  

 

 

 

 

Vectors, Pathogens and Climate Change: 

How Will Human Health be Affected? 

Honors Senior Project 

 

Joseph T. Barry 

 

 

 

 

 

 

 

 

Department of Biology 

Grand Valley State University 

Senior Project Advisor: Dr. Jodee Hunt, Professor of Biology  

This project submitted in fulfillment of HNR 499 



Barry, Joseph HNR 499 Winter 2022  Vectors, Pathogens and Climate Change 

2 
 

 

Introduction: Vectors, Pathogens and Climate Change 

Climate change due to anthropogenic activity is an ever-growing, looming threat, and the 

future of earth's ecosystems. The human population seems unable or unwilling to curb climate 

change, and so the survival of numerous species instead depends on whether they are able to 

adapt to that change. Climate change is responsible for an overall warming of earth and myriad 

sources of severe weather that include increased frequency and severity of storm events, 

tornadoes, hurricanes, floods, and droughts. These, in turn, link to environmental issues like 

erosion and loss of vegetation. Anthropogenic climate change primarily results from human 

activities, particularly the burning of fossil fuels to generate electricity, fuel industry, and support 

transportation, but also from industrialized agriculture and deforestation and overall degradation 

of all of earth's ecosystems. These activities release CO2 into the atmosphere (among other 

harmful gases), creating a thicker atmosphere that insulates the planet, thereby causing a 

greenhouse effect.5 

Barring an abrupt, worldwide shift away from use of fossil fuels- which is almost certainly 

not coming quickly enough- species' survival instead depends on their ability to adapt to warmer 

temperatures. Interestingly, while many species of flora and fauna are harmed by warming 

temperatures and changing patterns of precipitation, other species, such as a variety of 

agricultural pests, weeds, and pathogens, may thrive in response to the changes. Among the 

species that may benefit from climate change are parasitic vectors and the vector-borne 

diseases they carry. These organisms threaten human health, and the effects of climate change 

may bolster the ability of vector organisms spread diseases across ever-expanding ranges, 

thereby affecting human populations in larger geographic areas.  
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Warming temperatures are especially favored by a variety of disease-causing organisms 

that are adapted to mammalian (and, thus, endothermic) definitive hosts- such as humans.26 

Disease-causing organisms that infect humans tend to thrive in warmer conditions so it stands 

to reason that a generally warmer climate will spread many pathogens across larger areas, 

increasing incidences of the diseases they cause. Warmer climates will also favor many species 

of vector as a great deal of parasitic vectors are insects, which are ectothermic.22 Due to this 

reliance on the external temperature, these vectors, as well as other insects, will see an 

increase in seasonal life cycle time as well as an increase or shift in geographic range, among 

other benefits, favoring the warmer temperature increase. 25 Subsequently, vector-borne 

pathogens will in turn experience a greater rate of transmission into humans thus increasing 

global rates of infection from vector-borne diseases. Vector-borne diseases rely on interspecific 

host-to-host transfer, which is typically a slower process when compared to human pathogens 

with direct transmission, as additional specific biological and ecological conditions need to be 

met.16 Thus, by increasing the rate of transmission and chance for infection from these 

pathogens, vector-borne diseases will become even more problematic than they currently are, 

affecting a greater percentage of the global population while also impacting more vulnerable, 

unprepared communities.23 So, while reducing or eliminating many of the harmful causes of 

rapid climate change, anthropogenic or otherwise, is an important process, remaining aware of 

the significant impact these organisms will have on human health is notably important as well.   

Vectors are organisms that act as a biological vehicle transferring a pathogen from one 

host to another, typically more desired, host. The process of how these symbiotic relationships 

form between pathogens and their vectors requires a great deal of time. This commensalism is 

the result of many different evolutionary adaptations. For example, a pathogen existing in its 

original host is incidentally taken from that host via a parasitic vector and is then transferred to a 
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new host by the same parasitism of the vector.22 This pathogen may already have similar 

adaptations from its original host to help it survive in the new host. Over time, if the pathogen 

has a high enough fitness, it will colonize and replicate in the new host causing disease. 

Eventually, the pathogen will become adapted to its new host and the vector transmission 

process, increasing that pathogens evolutionary success.  

A variety of parasitic vectors (including diverse mollusks and arthropods) can evolve an 

adaptive, mutualistic relationship with pathogens. The pathogens and parasites transmitted via 

animal vectors are even more taxonomically diverse, and include many nematode worms, 

diverse bacteria, and protozoa like trypanosomes. Perusing the evolutionary legacy of these 

taxonomically and ecologically diverse relationships, it becomes apparent that vectors are an 

effective way for pathogenic organisms to disperse among definitive hosts such as humans.16 

Project Objectives and Focal Species 

Given the threat to human health of these diseases, the inevitability of the effects of 

climate change, and its potential to benefit both vector and disease organisms, this project 

focuses on three vector-borne diseases. The objectives are to examine the current range, 

prevalence, and effects of each disease, and to summarize the hypothesized effects of climate 

change on both vector and disease organism. The vectors species selected for this comparative 

study are: (i) mosquitoes (Diptera, family Culicine), (ii) ticks (superorder Parasitiformes, order 

Ixodida), and (iii) kissing bugs (Hemiptera, subfamily Triatominae). These three arthropods each 

utilize blood-sucking as a trophic role but vary significantly in the disease species that rely on 

them to disperse among definitive hosts and thereby cause disease. The vector species are 

generally disjunct in distribution, but experience some overlap in geographic range. They exhibit 

different adaptations to climate, e.g., to fluctuations in weather and seasonal patterns. 
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Vector-borne diseases are similarly caused by diverse pathogens that include bacteria, 

viruses, protozoa, nematode worms, and a variety of other taxa. Vector-borne diseases are 

typically constrained to live in geographic ranges that overlap with the distributions of the 

vectors that transmits them. This comparative study focuses on three vector-borne diseases, 

one per vector taxon. For the mosquito vector, the yellow fever virus was selected; its vector 

mutualistic partner is the Aedes aegypti mosquito. Ticks are widely known for their spread of the 

bacterium Borrelia burgdorferi sensu lato, which causes Lyme Disease; the vector species is the 

black-legged tick, Ixodes scapularis. Lastly, over 11 species of Hemiptera bugs in the subfamily 

Triatominae are responsible for the spread of a protozoan parasite, Trypanosoma cruzi, which 

causes American trypanosomiasis, more commonly known as Chagas Disease.  

This comparative study examines the nature of each of these symbiotic pathogen-vector 

relationships, the distribution and prevalence of the diseases they cause, and the predicted 

changes in distribution and prevalence of each in the face of climate change. 

Aedes aegypti Mosquitoes and Yellow Fever  

Mosquitoes have been a long-standing threat to human health being indirectly 

responsible for billions of deaths throughout human history and they continue to be a substantial 

threat to this day.6 These insects are evolutionarily successful boasting great adaptability to 

exist in a myriad of different climatic conditions. This adaptability has allowed the mosquito to 

exist in virtually every part of the world as a result. Due to this widespread expansion, 

mosquitoes are the most dominant vectors affecting human health. 21 What makes mosquitoes 

such a significant threat to our health is their incredible rate of parasitism combined with the 

several deadly diseases they may carry often in the form of viruses. Among one of those deadly 

diseases is the yellow fever arbovirus. Yellow fever used to exist mainly in Europe and North 

America, but it is now mostly endemic to Central America, South America, and Africa due to the 
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tropical temperature of these areas.1 Unlike some other vector-borne disease yellow fever has 

seen a more recent reemergence after some time largely due to yellow fever reaching areas of 

unvaccinated human populations. When a vaccine was created and introduced for the yellow 

fever virus, it was highly successful nearly eliminating the virus. The vaccine is still effective as 

yellow fever is rare for Central and South America where it is endemic due to higher vaccination 

access.1 However, the virus has rapidly shifted into more poverty-stricken parts of Africa where 

vaccines can be harder to obtain, and it has reemerged as threatening vector-borne disease.  

The mosquito species responsible for yellow fever is Aedes aegypti. This particular 

mosquito species is among the most common mosquito species that exist globally and is 

pathogenically relevant due to the wide range of arboviruses this species can carry. What 

makes this species so dangerous to humans is that, unlike other mosquito species, A. aegypti 

actually prefers human blood over other species. This preference for human blood means there 

is a greater spread of disease wherever these mosquitoes exist. 6 

When talking about the incredibly adaptable mosquito vectors, climate change will only 

increase the likelihood that mosquitoes transmit vector-borne diseases, especially viruses such 

as yellow fever. For starters, increasing global average temperatures will lead to an increased 

geographic range of where yellow fever virus is spread. Currently, the insect poikilotherms rely 

on generally warmer temperatures for survival. Rising global temperatures mean that A. aegypti 

that can host yellow fever will be able to expand geographically into even more northern and 

southern subtropic zones where yellow fever vaccinations may not be as commonplace.1 If no 

drastic progress is taken against the continually warming temperatures as a result of 

anthropogenic climate change, the range for the yellow fever vectors will eventually spread into 

northern and southern temperate zones as well. As the geographic range for A. aegypti 

mosquitoes carrying yellow fever increases, so too will the spread of the virus.1 These areas 
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where yellow fever is not endemic are unprepared and especially susceptible to outbreaks 

despite an effective vaccine. 

Supporting this notion is the fact that yellow fever virus typically needs a high enough 

temperature (around 16.5 C°/61.7 °F or higher) in order to properly replicate in both its mosquito 

vector host and then its intended human host. 25 Therefore, with a global rise in average 

temperatures it is more likely that yellow fever will be able to replicate in areas that are generally 

colder than the where yellow fever is currently endemic. Interestingly however, temperatures 

that are too hot for A. aegypti (35 C°/95 °F) can negatively affect the vectors’ feeding activity 

and subsequent survival which in turn will negatively impact the spread of yellow fever in 

warmer climates. 25 So, while yellow fever will spread along with A. aegypti to cooler climates, 

its current endemic tropical zones may actually see a reduction in the spread of yellow fever.  

Yet another factor where climate change plays a prominent role is the influence weather 

will have on the mosquito vector and its arbovirus survival. Along with warming global 

temperatures an influx in severe weather patterns is also occurring. This increased severity of 

unusual weather patterns means greater rainfall even in areas that are typically drier. An 

increase in rainfall means more areas of stagnant water will be present.  This standing water is 

incredibly important for most mosquitoes especially A. aegypti, as mosquitoes use the stagnant 

water as its primary breeding ground.6 Mosquito larvae do not need much water to survive 

either so when moisture inevitably increases due to these changing weather events, mosquitoes 

will be able to thrive thus increasing their numbers.24 More A. aegypti mosquitoes will only lead 

to a greater transmission of yellow fever. 

Prevention and Human Preparedness 

Luckily, an effective vaccine does exist for the yellow fever virus, and it is still the best 

option in preventing the spread of yellow fever. That said, globally many individuals are not 
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vaccinated against yellow fever either due to a lack of access or simply because yellow fever is 

not endemic to those areas. However, with an increasing spread of yellow fever into other 

climate zones, there is an increased risk that outbreaks will occur provided no attention is 

directed to this arbovirus. In order to prevent such outbreaks from occurring, close attention 

must be paid to tracking the movement of both A. aegypti and yellow fever, to ensure that 

vaccines are available to potential areas that this vector-borne pathogen might spread.  

Black-legged ticks (Ixodes scapularis) & Lyme disease (Borrelia burgdorferi sensu lato)  

Ticks are a group of parasitic arthropods who generally target warm blooded animals. 

These vectors are widely known for their role in the spread of Lyme disease which is the most 

common vector borne illness in the United States.6 Black-legged ticks in particular are 

commonly known for their affinity for deer, but the ticks that feed on deer (and humans) are 

generally the adults. In fact, black-legged ticks also feed on a variety of animals including, mice 

and birds. This species is a three-host parasite requiring three different hosts during each stage 

of its life cycle.19 This is important as it increases the adaptability of these parasites while also 

consequently making it easier for ticks to transfer vector-borne pathogens between hosts. 

These arachnids are also incredibly resilient in comparison to some other insect vectors as they 

are able to survive cooler temperate climates making them widely abundant parasites. 21 

Despite their general resilience to colder weather in comparison to other insect vectors, 

ticks will still die from severe cold especially if there is no available protection.13 As a result, 

ticks also favor generally warmer temperatures. As is the case with rising global temperatures, 

ticks will benefit from a greater geographical range. Ticks will begin to move into higher altitudes 

which are normally too cold for ticks to reliably live, and to subsequently shift into more northern 

areas than even now.13 For example, ticks have become more frequently spotted in Canada to 

which they are not endemic.20 Ticks already live in colder climates compared to other vectors. 
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The reason for this greater survivability in the cold is due to a few prominent adaptations. For 

starters, due to their close host-parasite relationships, ticks generally will not be too far from 

their target hosts and will be able to stay warm once feeding. More commonly though, ticks rely 

on vegetation refuge more than other parasites, instinctually sheltering itself from temperatures 

that would otherwise be deadly to the tick.10 For these ticks in particular, there may actually be 

fewer ticks present in the warmer southern areas of the country as hot temperatures can be 

detrimental to tick survival. Another pressing change that will occur as the result of higher 

average temperatures is a longer tick season.19 Normally tick seasons begin with larvae growth 

and nymph feeding in March and April and last until about late fall when the weather becomes 

freezing.10 Adult ticks feed primarily in the summer but are able to feed during this early spring 

to late fall period. However, if annual global temperatures continue to increase, ticks will likely 

adapt to a longer season that could extend closer to a full year of activity where adult ticks are 

able to be more active during the winter season. Furthermore, a longer tick season means that 

more ticks will successfully hatch and make it to adulthood instantly increasing the number of 

ticks in a given area. That said, if ticks remain in an area where temperatures become too high 

for their most common hosts it might actually lower the fitness of black-legged ticks in those 

areas.19  

 The multiple benefits ticks receive from warmer temperatures will also increase the 

spread of Lyme bacteria. Interestingly, Lyme bacteria induces a tick to become more active, 

especially when warmer temperatures are present.21 The reason for this increased activity is 

likely caused by chemical signaling from the bacteria to the tick, stimulating its feeding drive in 

order to reach the intended endothermic host. On top of this, generally warmer temperatures will 

only serve to increase the growth and spread of these bacteria as global temperatures trend 

towards the bacteria’s optimal growth conditions.21 Plus, with more ticks present and having 
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year-round growing and feeding seasons, it stands to reason that Lyme disease will become 

even more common and be easily spread between hosts. 

Prevention and Human preparedness 

 While this is certainly frightening, antibiotics are effective against Lyme disease in the 

early stages of infection. However, if a tick bite and subsequent infection are not noticed soon 

enough, the risk for more severe and chronic cases of Lyme disease will increase and 

antibiotics will not be as effective. So, as ticks expand their geographic range into newer areas 

and become more abundant with longer active seasons, tick prevention and safety will need to 

increase drastically in order to resist against both parasite and pathogen. 

Kissing bugs (subfamily Triatominae) & Chagas disease (Trypanosoma cruzi) 

 Triatominae bugs also known as “kissing bugs” are another blood-sucking parasite that 

is commonly found in the southern United States, Mexico, Central and South America.7 These 

parasites are the vectors responsible for the spread of Chagas disease caused by the 

protozoan parasite, Trypanosoma cruzi. While Chagas disease is spread in humans via 

triatominae, humans are not the only feeding source for triatominae bugs. 7 In fact, these insects 

feed on a wide variety of mammals. Several of the animals that triatominae feed on, specifically 

racoons and opossums in the U.S. and smaller mammals such as bats and rats in Central and 

South America, are infected with T. cruzi. 6 As, the triatominae feeds on these animal hosts, T. 

cruzi is ingested by triatominae via the animal blood meal whereupon T. cruzi undergoes rapid 

reproduction in the gut of the insect.12T. cruzi surprisingly is not spread directly from the bite of 

the triatominae bugs ingesting blood as with other vectors like ticks or mosquitoes. Instead, T. 

cruzi is spread from host to host through when feces of triatominae, which contain T. cruzi, 
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enters the blood stream of the target host via the feeding site, another open wound, or in 

mucous membranes. 7  

 Triatominae bugs and their associated protozoan parasite will react to climate change in 

similar to manner to A. aegypti and yellow fever. As temperature rises triatominae and T. cruzi 

will inevitably expand its geographic range into a temperate zone shifting upwards into northern 

part of the United States. This geographic shift will allow triatominae to comfortably exist in both 

the hemispheres of U.S. and become more prominent in a new population of hosts. 12 Increased 

temperatures will also favor increased numbers for both triatominae bugs and T. cruzi as these 

temperatures are more optimal for growth and replication.12 Also, similar to mosquitoes, 

triatominae may benefit from increased rainfall that results from climate change influenced 

weather events.17 More rainfall will lead to a general increase in humidity which can help create 

more suitable breeding habitats for the insect vector. However, with more severe weather, too 

much rainfall and flooding can actually remove these suitable breeding grounds. Whether or not 

rainfall will completely benefit triatominae replication remains to be seen. 

 Unlike many vector and vector-borne pathogen relationships, triatominae bugs can 

experience negative impacts on its health as a result of carrying T. cruzi.8 While T. cruzi is not 

always deadly to kissing bugs, in higher numbers, triatominae mortality will increase. Therefore, 

as temperature increases and T. cruzi replicates more frequently more triatominae vectors will 

die. Though this may appear to work against T. cruzi ability to transmit, it will actually do the 

opposite. Triatominae will likely adapt to this shorter lifespan by shortening its reproduction 

period and undergoing more rapid reproduction altogether.8 This means that the triatominae will 

increase in population size leading to more feeding and, ultimately, more vector-borne 

transmission of T. cruzi.  
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Prevention and Human Preparedness for Chagas Disease 

Currently the best defense against this vector and its pathogen is prevention. This exists 

in the form of insecticides and infestation prevention to reduce or eliminate triatominae 

populations. Antiparasitic medication is effective against Chagas disease, but only in the very 

early stages of infection. This can be problematic since T. cruzi will initially infect the blood, but 

eventually disappear from the blood. This disappearance is a latent period where Chagas 

disease can no longer be effectively treated with antiparasitic medication. After this point 

Chagas is considered chronic and around 30% of people infected will experience symptoms 

later in life.12 Furthermore, since T. cruzi can also be passed from infected individuals’ blood 

from blood transfusions, infection rate will inevitably increase as people who are unaware, they 

are infected could be putting others at risk. Overall, there is currently a significant a lack of 

research on these parasites and Chagas disease in general which could prove problematic as 

this vector-borne disease becomes more common. 12 

Conclusions 

Climate change will influence the geographic distribution of each of these vectors and 

their vector-borne diseases trending to more northward and southward expansion, while 

simultaneously remaining a threat in current geographic locations. There are a few measures in 

place that may improve preparedness against these diseases such as the yellow fever vaccine 

for example, but just like with a vaccine, prevention is better than treatment. Reversing the 

course of climate change will slow or stop the current damage and prevent many potential 

ecological disasters including the spread of vectors and vector-borne pathogens. 
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