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Preface

THE STUDY OF FUNGAL PATHOGENS IS A YOUNG FIELD, even though humans and fungi have been closely
associated throughout civilization. In fact, fungi may have ushered in the rise of mammals by con-

tributing to the extinction of the dinosaurs and compromising reptile repopulation after an
asteroid or comet struck Earth 65 million years ago. The recent emergence of the aquatic fungus
Batrachochytrium dendrobatidis to cause global amphibian extirpation and extinction events may
echo this historic catastrophe. On the other hand, fungi have contributed to society as the catalytic
agents that yield beer, bread, wine, soy sauce, citric acid, and countless other products. A fungus pro-
duced the first antibiotic, penicillin, and thus saved countless lives, and many other pharmaceutical
drugs are natural fungal products, including the gold standard immunosuppressive organ transplant
drug cyclosporin. Fungi have further provided cornerstones in our understanding of metabolism,
cell biology, genetics, and genome evolution. If the domestication of fungi began at the dawn of civi-
lization, why has the fungal pathogenesis field been so overlooked?

Part of the answer lies in clinical manifestations. Fatal fungal infections occur primarily in
patients whose defenses are impaired because of diseases such as HIV/AIDS, rare genetic predisposi-
tions like chronic granulomatous disease, medical interventions such as cancer chemotherapy,
implanted devices (e.g., artificial joints, heart valves, catheters) and organ transplantation, or devel-
opmental immaturity as a consequence of premature birth. The frequency of patients with such con-
ditions has skyrocketed in the recent past because of the HIV/AIDS epidemic, the war on cancer,
and dramatic advances in medical technology. Other types of frequent fungal infections among
the global population include the superficial infections caused by dermatophytes (e.g., athlete’s
foot), Malassezia species (eczema and dandruff ), and Candida albicans, which causes vaginal infec-
tions and thrush. In aggregate, these species cause billions of infections each year.

Another part of the answer lies in the availability of scientific tools. Fungal pathogens at first
seemed to be biological eccentrics, with distinct features of their growth and life cycles that presented
daunting challenges to scientists trained on model organisms such as the reluctantly pathogenic
model yeast Saccharomyces cerevisiae. But eccentricity is novelty when unraveled, and it can
provide a unique understanding of pathogenicity as well as new directions for the development of
antimicrobials or vaccines. Put another way, a central tenet of The Art of War by Sun Tzu is “If
you know the enemy and know yourself, you need not fear the result of a hundred battles. If you
know yourself but not the enemy, for every victory gained you will also suffer a defeat. If you
know neither the enemy nor yourself, you will succumb in every battle.” Thus, to make progress
in diagnosing, treating, and preventing human infections caused by fungi, we must “know the
enemies.” We are privileged to have witnessed an explosion in knowledge of human fungal patho-
gens, driven by the development of genetic, genomic, and molecular tools specific to these microbial
pathogens, as well as the sophisticated understanding of model fungi that blossomed over the past
two decades and provides a conceptual framework.

The final part of the answer lies in a consideration of the evolution of human fungal pathogens
within the broader fungal kingdom and casting this into a phylogenetic and genomic framework. In
contrast to many common bacterial and viral microbial pathogens that are communicable, many
fungal pathogens are environmental organisms (such as Cryptococcus neoformans) in which each
encounter with the host might be considered accidental. This is cast against another group of
human fungal pathogens that are either commensals that can emerge to cause infection (such as
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Candida albicans) or microbes that are directly transmitted human to human (such as Pneumocystis).
Thus, some human fungal pathogens might be viewed as “accidental” pathogens, whereas others are
evolved pathogens. There are an estimated 2 to 5 million species of fungi on Earth, of which only a
fraction cause human infections. Pathogenesis has evolved repeatedly and independently throughout
the fungal tree of life, and yet we also find closely aligned complexes of pathogenic species. There are
also unique groups of fungal species specialized to live on human skin and in other niches in the
body, and our understanding of their interactions with others in the microbiome is still in its
infancy, but what we do know is covered in several chapters herein.

In editing this book, we strove to take advantage of the youth of our field by providing a compre-
hensive set of perspectives. We begin with a set of chapters that capture the overarching principles of
fungal biology, genetics, and genomics. We then present a series of chapters on the defense mechan-
isms that protect most of us from infection, the virulence mechanisms that allow infections to occur,
and the state of the art in therapeutic strategies. Finally, we have chapters on individual fungal patho-
gens that illustrate how those overarching principles apply and also point out many of the biological
eccentricities of today that will lead to the novel insights and therapeutics of tomorrow.

We are indebted to Richard Sever of Cold Spring Harbor Laboratory Press who conceived
this effort and enlisted us as editors. We are grateful to Melissa Palmer for her efforts to keep us
each on track and to Barbara Acosta, our coordinating project manager at Cold Spring Harbor
Laboratory Press, without whom this effort would not have been realized. We are grateful to our
families for their forbearance, and to our authors for sharing their visions with us. Finally, as with
any publication, the ultimate impact and success will lie with you, our readers. We invite you to
explore the realm of the fungal kingdom that specifically intersects with our own by causing frequent
global infections and to communicate to us your thoughts on this effort. It is our hope that this
effort will inform and spur your own investigations and that thereby a future edition of this book
might not be necessary.

ARTURO CASADEVALL

AARON P. MITCHELL

JUDITH BERMAN

KYUNG J. KWON-CHUNG

JOHN R. PERFECT

JOSEPH HEITMAN
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