
UC Office of the President
Working Papers

Title
Crossing the Line: Human Disease and Climate Change Across Borders

Permalink
https://escholarship.org/uc/item/38t7d87v

Authors
Cat, Linh A
Gorris, Morgan E
Randerson, James T
et al.

Publication Date
2017-08-04

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/38t7d87v
https://escholarship.org/uc/item/38t7d87v#author
https://escholarship.org
http://www.cdlib.org/


 

 

  

Crossing the Line: Human Disease and 

Climate Change Across Borders 
White Paper for the Environmental Working Group of the UC-Mexico Initiative 

Linh Anh Cat1, Morgan E. Gorris1, James T. Randerson1, Meritxell Riquelme2, Kathleen K. 

Treseder1 
 1. University of California, Irvine 

 2. Centro de Investigación Científica y de Educación Superior de Ensenada 

 

 

  

 

 
1111 FRANKLIN STREET, OAKLAND, CA 94607-5200; 900 UNIVERSITY AVE, RIVERSIDE, CA 92521 
TEL: 951.827.4558; EMAIL: UC-MEXICO@UCR.EDU; WEBPAGE: UCMEXICOINITIATIVE.UCR.EDU 

 



Table of Contents 

           

I. Introduction .......................................................... 2 

II. Human Welfare Impacts of Valley Fever .................. 4 

III. Fungal Pathogens in a Binational Context ............... 5 

IV. Climate Change and Fungal Pathogen Dispersal: A 
Macrosystems Approach ........................................ 6 

V. Policy Responses and Challenges Against Disease .... 7 

VI. Fungi and Climate Change: What do We Know? ....... 8 

VII. Research Void: Airborne Fungi................................ 9 

VIII. Disease Ecology as a Research Priority .................... 9 

IX. Acknowledgements .............................................. 10 

X. References ........................................................... 11 



 

Introduction 

Human disease epidemics are rising in concert with climate change effects.1 Recent models 

suggest that disease will undergo range shifts, rather than expanding, driving the need for 

international collaboration as pathogens cross borders.1–3 Of special concern are emerging 

infectious diseases, many of which are caused by fungal pathogens.4 For millions of years, fungi 

have had an extensive and overlooked influence on Earth’s ecosystems – driving global 

biogeochemical cycles, facilitating the evolution of terrestrial plants, and mediating the 

biodiversity of plants and animals we see on Earth today.5–9 The microscopic lifestyle of fungi 

poses unique challenges to answering relevant ecological questions. Researchers have recently 

developed the technology and methods to study fungi in an ecological context.10 Therefore, we 

have both the urgent need and the effective methods to answer questions regarding fungal 

diseases and environmental factors that influence their dispersal and richness. 

The atmosphere harbors living spores of an untold number of fungal species, and continuously 

moves them between nations and human populations. In fact, one cubic meter of air can harbor 

thousands of fungal spores representing hundreds of species.11–19 Fungi produce spores to 

colonize new territory, which—in the case of pathogenic fungi—can include humans. Over 300 

known fungal species can infect humans, causing more than a million human deaths each year.20 

Many of these fungal diseases are airborne.  The prevailing winds that disperse them are likely to 

shift direction under climate change, threatening populations that have not developed 

immunity.21 

Most scenarios anticipate notable climate changes in the region surrounding the Mexican-U.S. 

border.22,23  Within this century, mean annual temperatures are predicted to increase by 2-5 °C, 

and droughts may become longer and more severe.22,23 Since the environmental niches of many 

species are strongly influenced by climate, their geographic ranges may shift accordingly.24 In 

fact, these range shifts may be particularly striking in the border region, since water scarcity and 

high temperatures already limit the activities of many animals, plants, and microbes.25,26 It would 

not be surprising if species follow their optimal climate envelope north or south across the 

border, depending in part on their ability to withstand heat or drought. A large-scale movement 

of diverse species would connect ecosystems in Mexico with those in the U.S., with 

consequences that can best be understood via collaborative research between the two nations. 

Because many diseases are expected to become more prevalent under climate change1, disease 

ecology has recently emerged as a crisis discipline. Disease ecology requires a multidisciplinary 

effort by researchers with diverse expertise, including health professionals, social scientists, and 

climate change scientists who must advance research rapidly to address the new challenges. 

Furthermore, recent models suggest that pathogens will undergo range shifts of their habitat, 

further driving the need for international collaboration as pathogens cross borders.1–3 

Fungal disease outbreaks can be more challenging to forecast than other diseases that are mainly 

transmitted by human-to-human contact, because their survival is independent of human 

population density. When not infecting humans, many fungal pathogens can reside in the soil as 

active decomposers of dead plants or animals, or as dormant spores. 27,28 This dimorphic lifestyle 

of fungal pathogens—their ability to live outside as well as inside their human hosts—is not 

well-studied, yet key in understanding and predicting fungal disease spread. Because the survival 

of these fungal pathogens is independent of human population density, these disease outbreaks 



 

are more challenging to forecast than other diseases that are transmitted primarily via person-to-

person contact. 27,28 

We use a dimorphic fungus, Coccidioides spp. (Fig. 1), as (1) a test case for determining what 

environmental factors influence the dispersal of fungal pathogens within the border region, and 

(2) an example of how scientists, public health specialists, and medical professionals from the 

U.S. and Mexico can collaborate by leveraging shared knowledge. 

 

 

 

 

Figure 1. Spore formation in Coccidioides immitis (image courtesy of U.S. CDC) 

Coccidioides causes valley fever. This disease is a “silent epidemic” because its annual incidence 

has increased rapidly from 6 cases per 100,000 people in 1995 to a peak of 42 per 100,000 

people in 2011 (Fig. 2).29 It is caused by inhalation of Coccidioides spp. spores, and even one 

spore can cause disease.30 The fungus resides in the soil of arid ecosystems in the Southwest U.S. 

and Northern Mexico (Fig. 3). Coccidioides grows after rainstorms, and then forms spores during 

long dry periods.31 Spores can cause infection once wind aerosolizes dusty soil. Climate models 

predict increased drought length interrupted by heavier rainstorms in the U.S. Southwestern 

regions, which will favor both mechanisms of spore production and dispersal of Coccidioides.23 

Much of the information regarding Coccidioides environmental preferences was collected and 

analyzed in the 1950s and 1960s. It is critical that we revisit these ideas using current data and 

modern techniques because lack of contemporary studies prevents informed decision-making 

regarding disease surveillance, vaccine development, and outbreak preparedness. In addition, a 

binational survey of this fungus would be unprecedented. 

 
Figure 2. Incidence of valley fever in the Southwestern U.S. (M. Gorris, unpubl. data ). 
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Figure 3. In the environment, Coccidioides spp. exists as a decomposer (1) growing in filaments. The filaments fragment 

into barrel-shaped arthrospores (2), which measure only 2-4 micrometers in diameter and are easily aerosolized when 

disturbed (3). Spores are inhaled by a mammalian host (4) and settle into the lungs, where they switch to a pathogenic 

lifestyle (5). Coccidioides grows in its pathogenic form as spherules (6). When a spherule ruptures (7), Coccidioides 

endospores are released and spread into surrounding tissue, where the cycle repeats (8). 

Human Welfare Impacts of Valley Fever 

Fungal dispersal has far-reaching effects on many aspects of human welfare, ranging from health 

to economic concerns.4 Human disease, including valley fever, can lead to debilitation, loss of 

quality of life, and a large financial burden from medical costs.32 Mostly, valley fever causes 

only mild flu-like symptoms, but it can lead to chronic pneumonia or mortality in some patients. 

In some cases, life-long medical treatment is required.33 Valley fever treatment is particularly 

expensive, averaging $23,000 to $29,000 per patient in the U.S.34 To determine future threats of 

valley fever on human welfare, we need to know the potential geographical range of 

Coccidioides, and the extent to which it overlaps with dense human populations. 

There are three distinct endemic areas for valley fever in Mexico: the northern area near the U.S. 

border, the Pacific coast, and the Mexican central valley (Fig. 3).35 In California, the central 

valley is hyperendemic with parts of Southern California classified as endemic.29,35 Skin testing 

using coccidioidin, an antibody, has revealed exposure of 5% to 30% of the population in various 

parts of Mexico.35 In general, up to 40% of those exposed to valley fever spores develop the 

disease. Less than 1% of these patients experience severe pneumonia, which mostly affects 

patients with associated risk factors such as HIV, diabetes mellitus, chemotherapy, 

transplantation, or third-trimester pregnancy.35 For these high-risk groups, mortality rates 

increase up to 90%.35 Inmates imprisoned in the central valley of California are especially 

vulnerable to valley fever, because prisons are often built near Coccidioides habitats.36,37 In 

addition, prison populations contain a disproportionately high number of African-American and 

Latino males, who have a relatively high risk of valley fever infection.38 Many people are 

admitted for minor crimes but often leave their imprisonment with debilitating and expensive 



 

cases of valley fever, especially since prisoners show higher rates of incidence compared to the 

population in neighboring cities. 

Rates of valley fever infection have now reached epidemic proportions in the border region, 

perhaps owing to shifts in drought severity, temperature, and dust loads.39 Moreover, if climate 

and soil disturbance continue to change, endemic regions of valley fever could spread in the near 

future, potentially exposing a greater number of humans to the illness, including the 13 million 

people within the greater Los Angeles40 area plus 1.3 million people in the Tijuana area.41 

Another concern is exposure of pets and stray animals, which are more easily infected due to 

their proximity to the ground and behavior. Corpses of animals that die from valley fever 

infection are often buried or left on the spot, in the case of strays. If not cremated, those infected 

tissues can contribute to establishment of new site of Coccidioides spp. growth in the 

environment. The critical question is how readily valley fever could disperse to new areas via 

wind transport. 

Fungal Pathogens in a Binational Context 

Epidemics of human diseases are an international concern. Ecological research answers 

questions about systems that cross borders. Many epidemiological and ecological studies 

constrain their data by border. To overcome this limitation, it is crucial that scientists of the U.S. 

and Mexico collaborate to share ideas and data. Binational cooperation is especially critical if 

fungal pathogens become more wind-dispersed or change their ranges under global change. 

Research encompassing the border area could be accomplished with cooperative research and 

data exchange from both sides of the frontier. 

By working together to map and understand the distribution of fungal pathogens, researchers 

from Mexico and the U.S. can greatly improve preparedness for—and prevention of—disease 

outbreaks in the border region. While public health and medical data are difficult to compare 

between the U.S. and Mexico, environmental sampling can be conducted across borders and 

integrated with global climate data. This type of collaboration is the first step towards preventing 

loss of human life and economic costs of medical treatment. 

Under the auspices of the UC-Mexico Initiative, researchers from University of California Irvine 

(L. Cat, M. Gorris, J. Randerson, and K. Treseder) reached out to Meritxell Riquelme and her 

colleagues at the Centro de Investigación Científica y de Educación Superior de Ensenada 

(CICESE) in Baja California, Mexico. Dr. Riquelme generously led the UCI group to a 

previously-mapped hotspot of valley fever in Valle de las Palmas.42 This area was home to an 

orphanage that had previously suffered an outbreak of valley fever.42 Together, we sampled 

topsoil as well as rodent burrows, which are thought to serve as a reservoir for the pathogen in 

the soil.43 Dr. Riquelme shared her laboratory protocols for identifying Coccidioides in 

environmental samples, and the UCI group was able to replicate her results.44 This way, the two 

groups developed a common sampling protocol for future surveys in the border region. This field 

campaign also allowed Mexican and U.S. graduate students to compare how they approached 

similar research questions and enabled us to learn more from each other. 



 

Climate Change and Fungal Pathogen Dispersal: A 

Macrosystems Approach 

The next step is to examine Coccidioides dispersal within a “macrosystems theory” framework 

(Fig. 4). In macrosystems ecology, ecological processes are examined at the regional scale by 

considering mechanisms that occur at smaller scales.45 We expect that changes in precipitation 

regimes and soil disturbance will each increase the connectivity of Coccidioides across the 

border region, leading to more frequent deposition of Coccidioides in downwind ecosystems. In 

this case, dust transport is the medium of connectivity.46 

 
Figure 4. Conceptual framework of fungal movement within the border region. 

Specifically, as regional climate shifts toward alternating cycles of heavier rainfall followed by 

longer droughts, we hypothesize that Coccidioides spore production should likewise increase. 

This is because Coccidioides may grow quickly after heavy rains, and then produce spores to 

endure the following drought. Furthermore, Coccidioides may become dormant as dry spells 

proceed47, and then produce spores as protective resting structures.48,49 As a result, the predicted 

shift in precipitation regime may augment the soil spore bank.  

Drought and soil disturbance will each reduce the cohesion of soil particles and spores, allowing 

spores to become windborne. Coccidioides spores can then be transported and deposited in 

downwind ecosystems. In addition, the dispersal of Coccidioides among ecosystems could elicit 

shifts in their geographical range if the climate favors their survival. The result would be an 

increase in the introduction of Coccidioides to new ecosystems. Thus, we could potentially see 

an increase in case numbers as a result of pathogenic fungi successfully establishing in areas 

with dense human populations. 



 

Policy Responses and Challenges Against Disease 

Our research aims to better understand movement of fungi across borders at a regional scale to 

build more powerful models that can be used to forecast prevalence of fungal disease in the 

environment. These models can help develop an early warning system of potential outbreaks of 

valley fever. Currently, environmental niche models are used to map valley fever.50–52 Suitable 

living conditions for Coccidioides are input as parameters and are typically governed by linear 

regression relationships or other statistical methods describing the climate conditions in which 

Coccidioides lives (i.e., soil moisture, maximum or minimum temperature, etc.). The model is 

mapped out in geographical space and represents the extent of where a species can live. Due to 

the difficulty of obtaining positive isolates and "true" negative isolates of Coccidioides, the 

amount of data points incorporated into the models is low. Including the results from our soil 

samples in Mexico with Dr. Riquelme and our sampling transect in the U.S. will increase the 

model’s power and thus make it more robust. The environmental niche model for Coccidioides 

can then be altered to reflect changing climate conditions in order to predict which new 

ecosystems and human populations could be exposed to valley fever in the future.  

This system would be used by stakeholders, community members, and health care providers 

(Table 1). It could also be useful as a decision support tool for policy makers to build capacity to 

respond to global change. The challenge is conveying the information quickly and effectively to 

vulnerable communities, on both sides of the border. 

Table 1. Stakeholders with an interest in valley fever forecasts. 

U.S. Center for Disease Control (CDC) Mycotic Diseases Branch (MDB) 
Binational Border Infectious Disease Surveillance Program (BIDS) 
State and local health agencies 
Public Health Departments of Northern Mexico 
Public Health Departments of the Southwestern U.S. 
California Division of Occupational Safety and Health (Cal-OSHA) 
Arizona Valley Fever Center of Excellence 
World Health Organization 
California Valley Fever Network 

 

In addition, international research collaborations on fungal diseases can be fostered through 

formal meetings. With respect to valley fever, university researchers, CDC microbiologists, 

scientists, medical professionals, public health epidemiologists, and political activists meet on an 

annual basis at the Coccidioides Study Group and Coccidioides Collaborative Meeting. These in-

person gatherings are hosted in California or Arizona each year. The agendas cover all aspects of 

how to screen, diagnose, and treat valley fever, as well as environmentally-oriented research on 

predicting and mitigating human exposure. These small groups are an excellent example of 

binational collaboration, because Mexican scientists and doctors share their findings and 

strengthen research partnerships. The intimate meetings allow individuals to exchange 

unpublished yet valuable data that can direct future lines of research. During research talks, 

scientists and researchers are encouraging and willing to share specific techniques and tips, 

especially since it is quite challenging to find and study Coccidioides in the environment. 

Additionally, many individuals, who have been involved in valley fever research since the 1960s, 

attend and offer input that cannot be gleaned from reading peer-reviewed articles. Much of the 



 

documented knowledge of the pathogenesis, mycology, and clinical aspects of valley fever 

originated from studies performed by the Coccidioides Study Group. 

Fungi and Climate Change: What do We Know? 

Regional climate change 

Numerous local-scale studies have found that fungi respond to climate. For example, lower water 

availability frequently and quickly leads to declines in fungal growth53 and changes in 

community composition.54–56 This issue is relevant for the border region, since climate models 

predict that this region should experience longer, more severe droughts interspersed with larger, 

less frequent storms by the end of this century.22,23 Overall, mean annual precipitation may 

decline 10–20% by the end of the century.23 In addition, mean annual temperatures are expected 

to increase 2 to 5 °C during the same timeframe.22 These projections are consistent with 

empirical trends documented in this region over the past several decades.22,57 The border region 

is currently experiencing an exceptionally severe drought unprecedented in historical records 

(U.S. Drought Monitor, http://droughtmonitor.unl.edu/). Coccidioides could respond to these 

variations in climate by proliferating during the heavy rainstorms, and then forming spores to 

achieve dormancy as soils dry. As the soils dry out, it becomes easier for the spores to become 

airborne. 

Soil disturbance and hotspots 

These spores can become windborne, especially because dust storms are common in the 

region.58–61 Dust storms in the western U.S. are increasing in frequency owing to anthropogenic 

soil disturbances such as off-road vehicle use, construction, road maintenance, military activities, 

grazing, and agriculture.62 It has been shown that workers at solar panel construction sites in 

California’s central valley are exposed to and infected by valley fever at higher rates than 

average (Lauer et al. 2016, in press). Dust emissions over disturbed soils can be 10–100 greater 

than undisturbed soil for a given wind speed.63,64 Since the human population is growing faster in 

the Southwest than in any other region of the U.S., soil disturbance should increase in concert.40 

Wind transport 

Many fungi—even human pathogens such as valley fever—have a life stage in the soil.65 

Therefore, they could be potentially entrained in winds and transported as dust. Indeed, microbes 

are abundant in the atmosphere.66 Globally, it is estimated that fungal spores account for about 

23% of organic aerosols.67 Moreover, the richness of fungal species in air is on the same order as 

richness in soils.68–70 

Typically, fungi disperse over relatively long distances and many fungal species actively launch 

spores into the air.71,72 About half of fungal species produce fairly small spores—less than 10 µm 

diameter at their longest axis.73 These species are most likely to be wind transported74, since dust 

particles smaller than 10 µm in diameter can remain airborne long enough to travel significant 

distances.75 Moreover, fungal spores can be particularly resistant to UV radiation and 

desiccation.11,65,76–78 As a result, fungi can remain viable in the atmosphere long enough to cross 

continents or oceans.66,79,80 For example, Smith and collaborators were able to cultivate viable 

spores of the fungus Penicillium that were collected from an Asian dust plume 20 km above the 

Pacific Ocean.81 In addition, clinical strains of valley fever occasionally differ from the 

environmental strains of the disease extracted from the putative site of exposure.82 This indicates 



 

that patients may be exposed to valley fever spores from locations hundreds of kilometers 

away.82 Altogether, it seems likely that viable Coccidioides can be wind-dispersed across the 

border region, although this idea has not yet been directly assessed. 

Research Void: Airborne Fungi 

Airborne fungi are highly diverse and difficult to observe. As a result, we know very little about 

the pathogenic fungi in the border region and how easily they disperse, which species disperse 

most readily, what physiological traits improve dispersal, and how evolutionary history can 

influence their success in new territories. In addition, we need to discover which ecosystems are 

“hotspots” that form important sources of pathogens and other critical fungal species, which 

climate conditions spur the production of spores, and how prevailing winds can influence their 

transport through the air. By examining these issues, we will learn much about a poorly 

understood, basic process and improve our ability to predict—and potentially avoid—outbreaks 

of airborne fungal diseases like valley fever.  

We are currently using next-generation DNA sequencing to map the distributions of fungal 

pathogens in soil of the border region. We will use these maps to determine the range of climate 

conditions that individual species can tolerate. We will incorporate this information into a new 

spore transport model to simulate the production and air dispersal of fungal pathogens in the 

environment. In addition, the spore transport model will be integrated with a global climate 

model, allowing us to link spore dispersal with climate change. 

Disease Ecology as a Research Priority 

Overall, we expect climate change to be an important driver of the dispersal of airborne 

pathogens within the border region. Soil disturbance from farming and construction will almost 

certainly become more prevalent as the human population expands, resulting in greater 

mobilization of fungal spores. This mechanism alone would increase movement of fungi across 

the region. Regional climate change could amplify its effects by accelerating spore production 

and allowing longer-range transport of spores. Altogether, these responses should interact to 

increase the transport of pathogenic fungi to new areas. Coccidioides is a special concern, since 

shifts in the geographical range of this pathogen could expose new human populations to valley 

fever. This fungus is just one of many that might alter human health and well-being by 

dispersing more readily within the region.  

Coccidioides is a test case for fungal pathogens; studying its ecology and epidemiology will 

bring new ecological data to the surface as well as better human welfare in the U.S. and Mexico. 

Fungal pathogens are of special concern because they are emerging faster than other types of 

disease as climate change accelerates. Many of them share Coccidioides’ bi-modal life cycle in 

the soil and air. Thus, knowledge gained from Coccidioides research can be leveraged to predict 

dispersal of other fungal human pathogens, such as Cryptococcus, Aspergillus, and Histoplama 

species.4 Environmental niche models, like the ones we are improving for valley fever, can be 

applied to any type of disease that has an environmental stage, or for diseases that have living 

vectors (i.e. yellow fever, Zika virus, West Nile virus, all carried by mosquitoes). 

It is critical that we prioritize binational collaborations to fully characterize fungal pathogens on 

both sides of the border. We can do so via annual meetings (e.g., Coccidioides Study Group) 



 

between researchers to exchange data and protocols. In addition, coordination of sample 

collection between Mexican and U.S. researchers would allow us to maximize coverage of 

species distribution maps. Finally, forecasts of valley fever outbreaks can be communicated to 

stakeholders of both nations. Climate change directly affects us as a species, by changing the 

ecosystems we live in and the diseases we are exposed to. In this way, it is necessary to cultivate 

international cooperation to face future challenges. 
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