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Foreword 

In our contemporary world, scientific heritage is 
often forgotten. Many important contributions dur
ing the past 100 years in research, teaching, and 
diagnosis have had a profound impact upon the 
evolution of Medical Mycology in the United States. 

This book, written by Dr Espinel-Ingroff, makes a 
significant contribution towards ensuring that those 
who have laid the foundation for our current Medi-
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cal Mycology infrastructure are recognized for their 
scholarly and authoritative contributions. This book 
is truly a landmark publication towards ensuring 
that the past, present, and future are connected to 
each other. 

Libero Aje/lo, Ph.D 
Michael R. McGinnis, Ph.D 
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Preface 

The genesis of this work began with my desire to 
determine how medical mycology has developed as a 
science in the United States. This idea evolved from 
my search for a topic for my doctoral dissertation. 
My original idea was to conduct historical research 
on the development of antifungal drugs, which has 
been the primary focus of my career for the last 
twenty years. However, when I attempted to obtain 
access to archival documents from pharmaceutical 
companies involved in the development of such 
drugs, both in Europe and the United States, their 
uniform response was that such archives were closed 
to individuals outside the company. At this point, 
although it appeared to be a formidable task, I 
decided to broaden my research and investigate the 
development of the discipline in this country. Next, I 
determined the extent that this investigation was 
needed and who would utilize the results. During 
the 1993 Focus on Fungal Infections meeting in 
Tucson, Arizona and the Conference on Candida 
and Candidiasis in Baltimore, Maryland, I con
ducted informal interviews with medical mycology 
leaders who were involved in patient care, research, 
and the training of future medical mycologists. I also 
interviewed retired leaders by phone. My initial 
findings were that most of these medical mycologists 
had a number of concerns regarding the current 
state and future development of the science in this 
country. 

Since the beginning of the 1990s, the perception 
was that the discipline was changing rapidly and that 
training and research programs in medical mycol
ogy were decreasing in number and scope in the 
United States. On the other hand, a significant 
increase in the incidence and prevalence of nosoco
mial yeast and mould infections has been evident. As 
a result of improved management protocols, AIDS 
and other immunosuppressed patients live longer, 
but remain highly susceptible to life-threatening 
opportunistic fungal infections. Since it is not man
datory that physicians and other health care profes
sionals report mycotic diseases, it is difficult to 
compare their incidence and prevalence with that of 
other infectious diseases. Leaders in the field felt that 
additional trained personnel were essential to 
respond to the increased incidence and prevalence 
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of debilitating and fatal fungal diseases. In the area 
of research development, the concern was that 
medical mycology had not made the necessary 
transitions at the same pace as the other branches 
of microbiology in the 1970s, when research moved 
from the whole organism to its molecular biology 
and genetics. Medical mycologists also became 
uncertain regarding the sources of funding for train
ing and research because of the significant decreases 
in these funds that began in the early 1980s. With 
these issues in mind, I conducted a historical inquiry 
into the development of the discipline, which pro
vided insights into why and how its development and 
progress had been affected during the last I 00 years. 

What is the field of medical mycology? This 
discipline is concerned with the study of medically 
important fungi and fungal diseases in humans and 
other animals. With this description of medical 
mycology in mind, this book may serve as a refer
ence tool or a source of learning about the discipline 
for individuals who are interested or involved in the 
different aspects of medical mycology: patient man
agement; clinical, basic, and applied research; 
laboratory diagnosis; as well as education and train
ing. It will also be a reference book for medical, 
microbiology and medical technology students. It 
provides overall and detailed chronological descrip
tions of the most significant scientific, educational, 
and technological medical mycologic events that 
took place from 1894 to 1996 in the United States. 

What other publications could supplement the 
information provided in this book? A search of the 
literature revealed that there are no comprehensive 
historical studies of the development of medical 
mycology in the United States. Uncovered were a 
few monographs and a number of obituaries regard
ing pioneer American medical mycologists and 
works concerning certain epochs and topics in this 
country and Europe. Some of these publications are 
chronologies that are considered summary general
izations by historians. In addition, my interviews 
indicated that efforts were made in the 1980s to 
publish a biographical book regarding medical 
mycology's pioneers up to 1960. However, it appears 
that financial difficulties precluded publication of 
that work. Important information was obtained 
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from several of these unpublished chapters and other 
historical publications cited in the list of references. 
In 1986, Ainsworth published his Introduction to The 
History of Medical Mycology and Drouhet published 
in 1992 a handbook on mycology that included an 
introductory chapter on the history of education and 

training in medical mycology worldwide. These 
works, however, do not provide an in-depth con
sideration of any particular country or area. Appen
dix D briefly summarizes these and other related 
publications. 



Introduction 

Fungal infections occur throughout the world, but 
some of them are more predominant in certain 
geographic areas. Although fungal diseases usually 
are not considered to be as common as bacterial and 
viral diseases, they are frequently associated with 
severe morbidity and mortality. Among the super
ficial fungal infections, tinea pedis (athlete's foot) 
and pityriasis versicolor are among the world's most 
common diseases. 

The increased frequency and severity of mycotic 
diseases have prompted greater research efforts in 
the development of antifungal drugs. However, 
despite those efforts, in 1996 there were only six 
antifungal drugs licensed in the United States for 
use against systemic fungal infections. Furthermore, 
the newer candidate drugs required further evalua
tion of their efficacy because their spectrum of effect 
and application in the eradication of the various 
mycoses remained unanswered. The need for more 
effective, economical, less toxic, and easier to admin
ister antifungal agents to treat systemic fungal infec
tion was clearly evident. The evaluation of new 
compounds and management approaches 
demanded more training and research programs. 

It never has been easy to acquire formal training 
in medical mycology. The training of a medical 
mycologist has been considered a twentieth century 
innovation. As the incidence of fungal diseases 
increases, there is clearly a need for more and better 
trained individuals. Two concerns require immedi
ate attention: the replacement of the diminishing 
number of senior mycologists and the provision for 
broader based multidisciplinary training programs 
to better meet the new challenges ofthe 21st century. 
More training programs should be established at 
both the pre- and postdoctoral levels with molecular 
biology as a major component. These endeavors 
demand the provision of more financial support 
and allocation of other key resources to medical 
mycology in this country. 

The largest portion of federal funding for health 
oriented research is administered through the 
National Institutes of Health (NIH). Kennedy's 
(1990) analysis of policy effects on federal support 
of health research revealed several negative regula
tory factors. Although appropriations for NIH grew 

xi 

steadily during the decade of 1980 to 1990, expendi
tures for training and research contracts decreased. 
Direct NIH investments in training rose slightly, but 
fell dramatically when discounted for inflation. 
Expenditures for research related to AIDS 
accounted for approximately 20% of the overall 
extramural programs, while other training and 
research contracts declined. As governmental 
sources of funding are reduced, the academic and 
medical communities seek more support for educa
tional and research activities from industry. These 
developments have led to closer collaborations 
between academic and corporate researchers. Due 
to varying economic conditions in the future, corpo
rate funding can be expected to become even more 
restricted and difficult to obtain. 

What has been the trend for funding of medical 
mycological training and research? In the beginning 
of this century, philanthropic and private organiza
tions (e.g., the Harvard Traveling Fellowship, the 
College of Physicians, the Rockefeller Foundation, 
and the Brown-Hazen Foundation) provided grant 
support for training and research in medical mycol
ogy. However, those contributions were usually small 
and generally had ceased to exist by 1996. At that 
time, some fellowships and grants for medical mycol
ogy were being supported by Pfizer Inc., US Pharma
ceuticals Group and Janssen Pharmaceutica. 

The purpose of this study was to investigate, in a 
historical context, the development of medical 
mycology training and research in the United States. 
The development of this discipline has been assessed 
within the context of scientific progress, as demon
strated by the creativity and scholarly contributions 
from training, research, and technological activities 
directed toward the control of fungal diseases. The 
study covers the historically significant, as well as 
decisive educational, scientific and technological 
events that have guided the development of medical 
mycology in this country since the late 1800s. It 
includes key figures who led the field and the effect 
of their ideas and visions on the evolution of the 
discipline. However, the scope of this book does not 
include two important fungal pathogens, Paracocci
dioides brasiliensis and Pneumocystis carinii. The 
former is important in those areas of Latin America 
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where it is endemic, and the latter was considered 
phylogenetically closely related to fungi only in the 
late 1980s. 

Narrative description was the first phase of this 
study and it involved the critical evaluation of 
documents to uncover significant facts. The narra
tive description was accompanied by an analysis of 
the causes of historical events that actually took 
place during those first 100 years, some reasons for 
related human behavior, and the perceived impact 
on the development of the discipline in the United 
States from the late 1880s into the 1990s. 

The process of choosing what is considered sig
nificant in historical research is called the method of 
selection by historians. For the present study, the 
selection involved the filtering of the facts that 
explained the causation of the events relevant to 
what was important to the development of the 
discipline. It was performed according to factual 
data and the social value being assessed, which was 
defined as the control of fungal diseases. 

This study analyzed changes in the foci of training 
and research, the composition of groups, the institu
tions that resulted (scientific societies, research 
groups), and past and present leaders. Both the 
uniqueness and the commonness of the events were 
investigated. The commonness allowed the grouping 
of related events or the categorization of the events 
by the identification of similar features. The major 
contributions of past and current medical mycology 
leaders also were evaluated by themselves (if alive) 
and others through the questionnaire. The groupi~g 
and the identification of unique characteristics sug
gested problems, helped categorize the data, and 
stimulated the formulation of conclusions. These 
analyses also helped to explain new directions in 
which the discipline was moving. 

The use of concepts helps historians to avoid 
erroneous or oversimplified causative explanations. 
Two concepts, defined as the abstract ideas that refer 
either to a class of phenomenon or to certain 
characteristics that phenomena have in common, 
were used to generate data on the influence of an 
individual on the direction and career of others. One 
concept was the formal training connection, with 
special attention to the influence of major professors 
on students in their masters and doctoral programs 
in medical mycology. The other concept was either 
informal training and mentorship, or a combination 
of both, where the influence was not connected with 
a formal degree, but was regarded by the respondent 

as vital for his/her career and development as a 
mycologist. "Training Trees", Appendix B were then 
created to reflect the genealogy of the discipline. 
They provide a model to display the information 
gathered on the training and education of medical 
mycologists in the United States. 

A number of data sources were examined for 
relationships between specific contributions and the 
knowledge derived and disseminated. For the scien
tific contribution sections, the data collection 
focused on selected published papers of significant 
scientific and technological events. Such sources are 
usually considered secondary sources in historical 
studies, but they are regarded in this book as direct 
records of the era in which they were published. 
More than 2000 scientific articles were examined, 
the selected ones are listed in the references. The 
criteria used to select the articles focused on first 
contributions such as: the first description of a 
fungal disease or fungal pathogen, pertinent mile
stone publications from outside the United States, 
the development of antifungal agents and their 
evaluation, the establishment of therapeutic regi
mens, the resolution of taxonomic issues, useful 
laboratory diagnostic tests, important technological 
inventions, trends or events that changed the direc
tion of the discipline, and discoveries that led to 
meaningful future research breakthroughs. No 
reviews or books will be found among the references 
because only articles describing original discoveries 
were used as data sources. However, important 
medical mycology books were reviewed and an 
annotated list is included under Appendix C. 

Other primary sources comprised materials such 
as the minutes and bulletins of the Medical Mycolo
gical Society of the Americas (MMSA), archival 
material from the American Society for Microbiol
ogists (ASM), and the personal files of medical 
mycologists. The latter sources included correspon
dence pertaining to their research and training 
experiences and their curriculum vitaes. The first 
training and research programs in medical mycol
ogy originated at Columbia University and Duke 
University. The Duke University archival materials 
were not available, however, a training grant propo
sal describing this training and research program 
since its establishment was provided by Thomas 
Mitchell. Archival material from Columbia Univer
sity that related to medical mycology was obtained 
from Margarita Silva-Hutner. The available unpub
lished chapters on the history of Medical Mycology 



at Tulane University and biographies of early leaders 
as well as numerous obituaries were examined and 
listed under References. The unpublished chapters 
are archival documents of the MMSA and were 
provided by Morris Gordon. 

Oral history has been used as a primary source in 
other historical studies. This primary information 
source represents living resources or participants. 
Thirty-seven medical mycologists were carefully 
selected and interviewed to obtain their views and 
accounts of their work. This oral history helped to 
support other documents and provided useful in
depth perceptions of un-published information 
regarding the impact of training on the field. 

Questionnaires are valid data sources in historical 
research and have been used previously to determine 
the degree of involvement in training and research 
activities. This study included an open-ended, infor
mal questionnaire that was answered by 100 of the 
275 medical mycologists listed as members of 
MMSA living in this country and by 11 of the 36 
physicians listed in 1993-94 as members of the 
National Institute of Allergy and Infectious Dis
eases, Mycoses Study Group (NIAID-MSG). The 
questionnaire provided invaluable information 
regarding the institutions where medical mycolo
gists have received formal or informal training 
("Training Trees", Appendix B). It also contained 
questions concerning the availability of funding, the 
current state of the science, and the changes deemed 
necessary for further advancement of medical 
mycology. In addition, the perceptions of the 
respondents regarding important contributions and 
contributors to the development of the discipline in 
this country were provided (Tables 3 and 4). A 
summary of the analysis of the questionnaire is 
attached (Appendix A). The "Trees" were displayed 
during the 1995 and 1996 MMSA annual meetings 
and were reviewed and revised as necessary. How
ever, this genealogical listing should not be consid
ered exhaustive as it only reflects the information the 
author obtained from her efforts as noted. 

I conceptualized the development of medical 
mycology into five periods, or "eras", according to 
changes in direction resulting from various scientific 
and educational contributions: (a) the "Era of Dis
covery", 1894 to 1919, (b) the "Formative Years", 
1920 to 1949, (c) the "Advent of Antifungal and 
Immunosuppressive Therapies", 1950 to 1969, (d) 
the "Years of Expansion, 1970 to 1979 and (e) the 
"Era of Transition", 1980 to 1996. This book is 
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structured around these eras as the following chap
ters discuss the origin and the development of 
medical mycology in the United States. The impor
tant milestone events that span these eras have been 
summarized in a table at the end of this Introduction 
under the title, "Developmental Eras in the History 
of Medical Mycology in the United States, 1894 to 
1996". 

Chapter I 

Historically many fungi had been known before 
their role in animal and human diseases was dis
covered between 1835 and 1841. These early dis
coveries led to other important studies, both in 
Europe and Latin America, from that period into 
the early 1900s. Chapter I describes in detail those 
original contributions to medical mycology, or its 
"roots". 

Chapter II 

The "Era of Discovery" explores the key figures and 
their first descriptions of important mycotic diseases 
in the United States from the 1894 to 1919. The 
recognition of fungi as etiologic agents of systemic 
diseases by physicians, who were not trained as 
medical mycologists, marked the beginning of the 
discipline in this country. But, historical studies of 
key figures from related sciences during this period, 
considered the golden era of microbiology, have not 
acknowledged the value of these contributions to the 
study of infectious diseases. Even today the impor
tance of fungal diseases in public health is over
looked. The intent of this book is to assess the impact 
of those early medical mycology discoveries. 

In 1987, Kass divided the history of the specialty 
of infectious diseases in this country into three broad 
phases. His first phase is the "colonial era" when 
"every physician was necessarily an infectious dis
ease specialist" (p. 745). The second phase encom
passes the years of the first discoveries of the 
microbial causes of disease. The third phase began 
with the advent of specific chemotherapeutic treat
ment after World War II, the era of the antibiotics. 
Kass' second phase closely corresponds to the origin 
of medical mycology in the United States. This 
book's "Era of Discovery" also corresponds with 
K.S. Warren's (1990) first developmental period for 
tropical medicine, which he considered a product of 
the colonization of the tropics. 
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Chapter III 

This chapter describes the beginning of medical 
mycology training programs and the establishment 
of research laboratories during the formative years 
of the discipline from 1920 to 1949. Key pioneers 
during this era provided more logical classification 
systems that improved the scientific investigation of 
human fungal pathogens. Their epidemiologic stu
dies facilitated the differentiation between infection 
and disease, thereby improving the understanding of 
the natural history of systemic mycoses. Beginning 
in the late 1920s, continuing throughout the 1930s, 
World War II, and the late 1940s, leaders in the field 
trained the second generation of medical mycolo
gists and ensured that medical mycology continued 
its development in this country as a distinctive field 
of medicine. 

Chapter IV 

Chapter IV deals with the third developmental era, 
the "Advent of Antifungal and Immunosuppressive 
Therapies", which began with the discovery of 
nystatin in 1950 and amphotericin B several years 
later. This era corresponds with Kass' (1987) third 
phase in the development of the specialty of infec
tious diseases. That phase began with the advent of 
specific chemotherapeutic treatments after World 
War II, the era of antibiotics. However, the "Advent 
of Antifungal and Immunosuppressive Therapies" is 
a more complex period in medical mycology. This 
period encompasses the initiation of renal trans
plantation in conjunction with the use of immuno
suppressive therapy for oncology patients and to 
avoid organ rejection. 

Chapter V 

During the 1970s, the "Era of Expansion", the 
direction of medical mycology's development chan
ged as a consequence of the increased incidence of 
mycoses in immunosuppressed patients and impor
tant advances in technology. With the commitment 
of sizable new revenue sources, the discipline saw 
new centers and programs established, as well as a 
major emphasis in educating and training the "third 
generation" of molecular-based medical mycolo
gists. In terms of commitment of resources and the 
number of scientists dedicated to the field, this era is 
considered the high water mark period to date for 

medical mycology in the United States. Built on the 
1950s and 1960s, rapid advances in transportation 
and communication occurred during the 1970s, as 
well as public acceptance in utilizing them, a trend 
that escalated in the 1980s and 1990s. The latest 
technological discoveries and the experts behind 
them became more accessible. All of these events 
directly impacted the discipline. 

Chapter VI 

This chapter deals with the "Era of Transition" 
between 1980 and 1996 when the much higher 
incidence of human mycoses, because of the AIDS 
pandemic, again brought major changes to the 
discipline. During this era, research in molecular 
biology, cellular immunity, and genetics was either 
initiated or intensified and DNA-based diagnostic 
tests and epidemiologic tools were developed. 
Recent developments within the discipline of micro
biology have often resulted from discoveries using 
molecular tools and the knowledge that DNA is a 
repository of genetic information. A large number of 
microbiologists as well as medical mycologists reor
iented their research direction from the microbiolo
gic aspects of fungal molecular models to their 
cellular functions. In 1986, Beeson compared these 
scientific developments to the "golden age of micro
biology" in the late 1800s when bacteria were 
recognized as etiologic agents of disease. During 
that era, the fundamental phenomena of immunity 
also were recognized. The invention of the micro
scope played an important role in the earlier devel
opment of these microbiologic disciplines, but has 
had limited importance in contemporary times. The 
impact of these advances and how medical mycol
ogy has kept abreast with technology, as have related 
sciences, is accessed in this chapter. Another sig
nificant trend of this era was the retirement and 
death of numerous leaders in the field. Coupled with 
the major reductions in governmental and founda
tion funds, the result was a major shift in leadership 
and a much stronger emphasis on collaborative 
research. 

Chapter VII 

This chapter summarizes the five developmental 
eras of medical mycology in the United States and 
provides specific conclusions drawn from this his
torical study. 
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I. The origin of mycology 

Figure 2. David Gruby (1810-1898) (pp. 5- 7) (From: 
Rosenthal, T. 1932. Annals of Medical History, 4) 

Figure 1. Johann Lucas Schoenlein (1793- 1864) (p. 5). (From: 
MMSA archives) 
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Figure 3. Raimond Jacques Adrien Sabouraud (pp. 7- 8) (Courtesy of Dr. Rosenthal) 

Figure 4. (above) Alejandro Posada (p. 8) (Courtesy of Drs. 
Sordelli and Gonzalez) 

Figure 5. (right) Lewis David von Schweinitz (p. 9) (From: A. 
Wolf & T Wolf. 1947. The fungi New York: Wiley & Sons) 



Etiologic agents: cause of disease 

An important concept in the understanding of 
medical mycology is the causation of infectious 
fungal diseases. Evans (1991) stated that the knowl
edge of the causation of any infectious disease 
depends on both conceptual and technical aspects. 
The conceptual aspect is concerned with the knowl
edge of the natural history of the disease and its 
pathogenesis. The pathogenicity of microorganisms 
was not widely accepted until the mid-nineteenth 
century. The main reason for this disbelief was that, 
up to then, most people believed in spontaneous 
generation and that new organisms originated from 
inert material. Even Louis Pasteur was occasionally 
uncertain if the unintended organisms that occurred 
in his cultures were due to spontaneous generation. 
In 1861, Pasteur published his monumental study on 
spontaneous generation in which he clearly demon
strated that ordinary airborne dust contained micro
organisms (Carter, 1991). Thus, the door was 
opened for the study of microorganisms as etiologic 
agents of infectious diseases. 

The technical aspects of understanding infectious 
diseases depend upon advances in technology and 
the laboratory techniques available to visualize, 
grow, and identify the causative agents, duplicate 
and study the natural history of the disease in 
experimental animals, and describe how the etiolo
gic microorganisms cause a specific disease. The 
invention of the microscope marked the beginning 
of the development of all of the disciplines that deal 
with microorganisms, such as tropical medicine 
(K.S. Warren, 1990), the specialty of infectious 
diseases (Kass, 1987), and medical mycology. The 
light microscope was developed at the end of the 
sixteenth century. Its creation has been attributed to 
Antonie van Leeuwenhoek (Evans, 1991; Fuchs, 
1984; Smit and Heniger, 1975). In 1675, Leeuwen
hoek, a lens maker, used his rudimentary micro
scopes to examine a variety of samples and described 
a number of microorganisms such as the protozoa. 
A year later, Leeuwenhoek published his description 
of bacteria, which could be considered the beginning 
of descriptive bacteriology. This date has tradition
ally marked the birthday of bacteriology. 

Although Leeuwenhoek observed bacteria and 
other microorganisms, he did not associate them 
with the etiology of disease. Subsequently, others 
applied microscopy to the discovery of the etiologic 
agents of infectious diseases. It is widely recognized 
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today that infectious agents had been and still 
remain as major causes of morbidity and mortality 
world wide (Kass and Hayes, 1988). The discovery 
of the etiologic agents of infectious diseases had a 
vital role in the development of numerous disciplines 
concerned with microorganisms and the infectious 
diseases that they cause, such as the mycoses. It is 
noteworthy that the first association of a microor
ganism, a fungus, with a silkworm disease was 
reported by Agostino Bassi in 1835 (Kyle and 
Shampo, 1979). 

Tbe origin of general mycology: European roots 

The hyphomycetes: first discoveries 

In his extensive historical review regarding the 
development of the hyphomycete taxonomy, Sub
ramanian (1983) emphasized the importance of 
historical research for scientific development with a 
quotation from A.H.R. Buller, "I have long been of 
the opinion that no man can have a full conception 
of any subject upon which he may specialize until he 
has studied the history of its development". 
Although the study of fungal diseases in humans 
began in 1837, the contributions of early general 
mycologists to the understanding of fungi associated 
with mycoses must be acknowledged. Many fungi 
were studied in the mid-1800s prior to understand
ing their role in causing lower animal and human 
diseases. Among the estimated 1.5 million species of 
fungi that are known or believed to occur in soil, 
water, or associated with plants and animals 
(Hawksworth, 1991), only approximately 150 of 
them have been adequately documented as etiologi
cal agents of disease in humans. In contrast, more 
than 1200 species of fungi have been associated with 
plant diseases. It would appear, therefore, that the 
history of mycology began with the discovery of the 
numerous species of filamentous fungi (moulds), 
known as hyphomycetes, which include the filamen
tous fungi of the form-class Fungi Imperfecti. Most 
of the fungi isolated in clinical laboratories belong to 
the class Hyphomycetes. Mycologists such as de 
Bary, Saccardo, Mason, and Bessey have had a 
profound impact upon the development of medical 
mycology. 

The Florentine, Pier Antonio Micheli, was prob
ably the first investigator to give scientific names to 
some of the hyphomycetous fungi. He was a botanist 
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for Cosimo d'Medici III, and later a botanist in the 
Botanical Gardens at Florence and Pisa. His pub
lication in 1729, Nova Plantarum Genera, included 
drawings of his newly discovered fungi with notes of 
his discoveries. Although Micheli did his studies 
using a primitive microscope in comparison to the 
microscopes available today, he accurately compiled 
morphologic data that can be used today to recog
nize the fungi that he studied. His collection, con
sisting of 16 volumes of plates containing his draw
ings and a box of fungal specimens, is kept at the 
Istituto Botanico in Florence. Micheli's personal 
copy of his publication and his original drawings, 
from which the plates were reproduced, are now in 
the British museum in London (Subramanian, 
1983). Among the genera that he described was the 
genus Aspergillus, and at least two of its species, A. 
fiavus and A. fumigatus, are important agents of 
opportunistic infections in humans. Micheli was the 
founder of mycology, as well as one of the creative 
minds ofltaly. 

Micheli's great contributions had essentially no 
impact for nearly 100 years. In 1790, Hainrich Julius 
Tode published his Fungi Mecklenburgenses Selecti, 
one of the oldest descriptions of local mycobiota 
(fungal flora). This work included drawings of 120 
fungal species which he maintained in his collection. 
Unfortunately, his collection of fungal specimens 
was discarded after his death (Subramanian, 1983). 
Between 1796 and 1801 the physician, Christian 
Hendrik Persoon, provided the foundation on which 
the modern classification of the fungi was developed 
by subsequent mycologists. Persoon's skill with a 
hand held microscope and analytic ability resulted 
in his classic publication, Synopsis Methodica Fun
gorum, that was published in 1801. This first com
prehensive investigation of fungal taxonomy incor
porated taxonomic studies of earlier workers, 
including the 15 genera described by Micheli. Medi
cally important fungi described during the 1700s 
included members of the genera Candida (as Mon
ilia), Aspergillus, and Torula. 

Two additional major contributions were the 
tomes, Observations I (1809) and II (1815), by the 
German physician and botanist, Heinrich Friedrich 
Link (Subramanian, 1983). Link established several 
genera of the hyphomycetes that are important to 
medical mycologists. Among those are the genera 
Acremonium, Cladosporium, Fusarium, Geotrichum, 
and Penicillium. His collection of 16 000 fungal 
specimens was deposited in Berlin. In 1817, C.G. 

Nees proposed nine new genera of hyphomycetes 
including Alternaria and Verticillium, which are two 
groups of fungi occasionally seen as laboratory 
contaminants; isolates of some species classified in 
the former genus are being recognized as important 
emergent pathogens in the immunocompromised 
host. In the same year, Gottfried Ehrenberg coined 
the term hyphomycetes to designate this group of 
fungi. Ehrenberg's greatest contribution was the 
discovery of the sexual process in the Syzygites 
(Mucorales). His division of fungi as either idioto
cous (homothallic) or coenotocous (heterothallic) 
was the forerunner of understanding heterothallism 
that was demonstrated so meticulously by the 
experimental work of Albert F. Blackeslee in 1904 
(Subramanian, 1983). 

The years of synthesis 

By 1824 several early European mycologists had 
described many of the more common hyphomy
cetes. Their contributions to mycology involved the 
systematic syntheses of the new mycological findings 
with the earlier discoveries. The Swedish mycologist, 
Elias Magnus Fries, dealt with the taxonomy of the 
hyphomycetes in the second volume of his Systema 
Mycologyicumbetween 1821 and 1822. Both Rogers 
(1977a,b) and Subramanian (1983) discussed the 
concept of mentorship or leadership influence. Fries' 
work was based on the contributions of Persoon, 
which were very influential on one of the first 
American mycologists, L.D. deSchweinitz, and 
hence upon early American mycology (Rogers, 
1977a). 

Fries initiated a new direction for the develop
ment of mycology that culminated with the explora
tory and systematic works of two Italian botanists: 
Corda's leones Fungorum Hucusque Cognitorum, 
that was published between 1837 and 1854 (Sub
ramanian, 1983), and Saccardo's Volumes II and IV 
of the Sylloge Fun gorum published in 1886 and 1906 
(Saccardo, 1886, 1906). These two works synthe
sized the voluminous and scattered descriptive stu
dies of earlier pioneers who had dealt with the 
hyphomycetes. Pier Andrea Saccardo proposed 
approximately 50 new genera and developed a 
simple artificial system for fungal classification 
based upon their appearance in their hosts. This 
classification relied on easily evaluated morphologi
cal characteristics of conidia (color, septation, 
shape, arrangement) and their conidiophores (sin-



gle, united into sporodochia or synnemata). Saccar
do's system of classification became the universally 
accepted one until a clearer understanding of con
idiogenesis was achieved (Ziegler-Bohme and 
Gemeinhardt, 1990). The need was perceived later 
to develop a classification system that reflected 
phylogenetic relationships typified by the concepts 
behind anamorph, teleomorph, and holomorph (M. 
McGinnis, personal communication, July 22, 1993). 

The origin of medical mycology 

Even though the history of medical mycology invol
ving humans began with Robert Remak, Johann 
Lucas Schoenlein, and David Gruby, it is important 
to remember that it was the Italian lawyer and 
farmer, Agostino Bassi, who in 1835 discovered the 
mycotic nature of the epidemic disease of the silk
worms called muscardine. Bassi correctly concluded 
that because he had failed to produce the disease's 
whitish "efflorescence" that was seen on dead silk
worms with chemicals, the disease was caused by "an 
extraneous parasitic fungus" (Kyle and Shampo, 
1979, p. 1584). Bassi presented his data and conclu
sions to the faculty of the University of Pavia and his 
manuscript Del mal del segno calcinaccio o moscar
dino was published in 1835. Bassi's fungus was 
originally named Botrytis bassiani in 1835 by Bal
samo-Crivelli, and subsequently renamed Beauveria 
bassiana in 1911 by Jean Paul Vuillemin (Ajello, 
1975). Bassi's association of an animal disease with 
a fungus stimulated an interest in the investigation of 
human diseases that might be caused by other fungi. 
This led to the discovery in humans of the first fungal 
pathogen causing a form of tinea known as favus or 
tinea favosa. 

The mycotic nature of favus was discovered 
almost simultaneously in the European countries of 
Germany, Switzerland, and France (Rosenthal, 
1932). In 1837, the Polish-born physician, Robert 
Remak, observed the presence of spherical bodies 
(arthroconidia) and ramified fibers (hyphae) in favus 
crusts on the scalp of infected individuals. Remak 
failed to associate these elements with the infection 
because he did not realize he had seen a fungus until 
he read Johann Lucas Schoenlein's paper (1839) 
regarding the "vegetable" (fungal) nature of favus. 
Since other investigators found similar mycelial 
elements in clinical specimens from other diseases, 
the importance of the observations made by Remak 
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and Schoenlein remained obscure and ignored until 
David Gruby clearly demonstrated that tinea favosa 
was caused by a fungus during the presentation of 
his paper to the Academy of Science in 1841. 

Medical mycology: European roots 

Gruby's discoveries 

S.J. Zakon and Tibor Benedek (1944) translated 
Gruby's important first six papers to commemorate 
the first 100 years of medical mycology. In 1841, 
David Gruby presented to the Academy of Science 
in Paris his first paper entitled, Sur une vegetation qui 
constitue Ia vraie teigne (Rosenthal, 1932; Zakon and 
Benedek, 1944). In this contribution, Gruby 
described the causative fungus of tinea favosa, and 
established the contagiousness of this disease. 
Gruby, who lacked the benefit of having a modern 
microscope, precisely described the "septate, small, 
transparent and colorless filaments or cylinders 
[hyphae] and the oblong or round corpuscles" 
(arthroconidia) in specimens from cases of tinea 
favosa (Zakon and Benedek, 1944, p. 158). 

Gruby clearly attributed the contagiousness ofthe 
disease to the presence of the fungal elements that he 
had seen in all of the cases of tinea that he studied. 
He supplemented his observations in subsequent 
publications with the results of his experiments, 
which included the inoculation of a fellow professor 
and himself with material from a patient's lesions. 
Although his attempts to infect humans produced a 
little inflammation and slight suppuration of the 
skin, he was not satisfied with the results because 
they did not accurately reflect actual lesions. His 
inoculation of plants, birds, reptiles and mammals 
also did not result in infections (Ziegler-Bohme and 
Gemeinhardt, 1990). 

Gruby did not name the etiologic agent of favus, it 
was accomplished later by Remak (Ainsworth, 
1986). Remak had allowed Xaber Hube to publish 
his first results in Rube's doctoral thesis, De morbo/ 
scrofuloso (Kirsh, 1954). Later, Remak was able to 
successfully inoculate his own left forearm and to 
grow the fungus on apple slices. In 1845, he reported 
his investigations and named the etiologic agent of 
favus Achorion schoenleinii (now Trichophyton 
schoenleinil) in honor ofSchoenlein in whose labora
tory (University of Berlin, Germany) Remak was 
working at that time. Although Remak was the first 
investigator to observe the presence of fungal ele-
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ments in a lesion of tinea favosa, Gruby's publica
tions had a greater impact among his contempor
aries. Modern historians consider that the develop
ment of medical mycology began with Bassi, Gruby 
and Remak (Ainsworth, 1986; Ajello, 1975). 

Gruby expanded his investigations to the study of 
thrush in children. He was able to demonstrate in 
1842 that the membrane seen in this oral disease was 
not an inflammatory exudate, but almost always a 
pure culture of what is known now as the yeast 
Candida albicans. Gruby conducted a mycological 
investigation of this organism and placed it in the 
genus Sporotrichum. A well documented description 
of C. albicans was provided by another Swedish 
physician, F.T. Berg (1846), one ofGruby's students, 
who had focused on the study of infant thrush. As 
with the etiologic agent of favus, Candida albicans 
was named by other investigators. Charles Robin 
renamed this fungus Oidium albicans in 1853 and W. 
Zopf (1890) introduced the name Monilia albicans 
(Benham, 1931). In 1923, this yeast was classified in 
the genus Candida by C.M. Berkhout. C. albicans 
had been discovered in 1839 by B. Langen beck from 
Germany in the white patches of thrush in the 
oropharyngeal areas of a patient with typhoid fever. 
However, he thought it was the etiologic agent of 
typhus. 

Gruby pursued the study of hair infections and 
published three additional papers within three years. 
The first of these, Sur une espece de mentagre con
tagieuse resultant du developpement d'un nouveau 
cryptogame dans Ia racine des pails de Ia barbe de /' 
homme, summarized the results of his investigation 
of fungal infections of the chin (tinea barbae). The 
etiologic agent of tinea barbae was named Micro
sporum mentagrophytes in 1853 by Robin. Gruby 
also recognized and distinguished both the ectothrix 
(Trichophyton mentagrophytes) and endothrix (T. 
tonsurans) forms of hair invasion. 

In his biography of Gruby, Rosenthal (1932) 
described him as "an expert microbiologist but only 
a mediocre dermatologist" (p. 342). For Rosenthal, 
Gruby's papers provided good descriptions of the 
fungi, but his clinical descriptions of the infections 
were too succinct and abbreviated. They did not 
provide enough information that would allow others 
to adequately recognize the clinical entities he 
described. Despite Gruby's notable findings, his 
contributions did not clarify the prevalent confusion 
among physicians of his time concerning these 
infectious diseases. Those who accepted Gruby's 

observations tried unsuccessfully to find fungal ele
ments in every infection of the skin, while his 
detractors were delighted with these failures and 
denied the authenticity of his observations. The 
advancement of a field depends, in part, upon the 
degree that its leading investigators are willing to 
take a risk and express their views. 

Gruby's next paper (Rosenthal, 1932) on ring
worm of the scalp (tinea capitis) added more confu
sion at that time to the understanding of this infec
tion in England and France. The English school of 
thought accepted Willan's and Bateman's descrip
tions, whereas French physicians accepted the diag
nostic descriptions of two laymen, the Mahon 
brothers. Thus, multiple clinical names were given 
to this type of tinea which added to the confusion. 
Fortunately, Cazenave (Rosenthal, 1932) in 1840 
provided an adequate description of tinea capitis 
and differentiated it from alopecia areata, a baldness 
of non-parasitic nature. Gruby's paper on ringworm 
of the scalp was contemporary with Cazenave's 
paper. However, Gruby's clinical description of the 
infection was inaccurate, which resulted in the dis
ease being given the wrong name. He also failed to 
mention that his patients were children. This time, 
Gruby named the pathogenic agent of ringworm of 
the scalp in children Microsporum audouini (now 
Microsporum audouinil) after the celebrated zoolo
gist, Jean Victor Audouin (Rosenthal, 1932). Geof
frey Ainsworth (1986) believed that the name of this 
species is the oldest name still currently used for a 
medically important pathogenic fungus. Its only 
change was the required latinization of the name. 

Gruby's last paper was entitled Recherches sur les 
cryptogames qui constituent Ia maladie contagieuse du 
cuir chevelu d'ecrite sous le nom de teigne tondante 
(Mahon), herpes tonsurans (Cazenave) (Rosenthal, 
1932). In this paper, Gruby described Trichophyton 
tonsurans. This publication is considered the best of 
his six papers (Rosenthal, 1932). However, since it 
was the Swedish scientist, H. Malmsten who named 
T. tonsurans in 1845, Malmsten's publication is more 
widely known. Gruby discontinued his research 
studies after this paper and dedicated himself to 
patient care. 

The concept of milestones to mark important and 
significant events in the development of a person or a 
society was adopted by Ajello (1975) as a means to 
highlight important contributions to our scientific 
knowledge to better understand diseases caused by 
pathogenic fungi. Ajello (1975) considers Bassi's 



contribution the first milestone in the development 
of medical mycology, because he was the first person 
to prove that microorganisms could cause a disease 
in animals. Bassi was not only the first "medical 
mycologist", but also the first individual who 
demonstrated that a microorganism, a fungus, could 
cause an infectious disease. The second milestone 
was attributed by Ajello (1975) to both Remak and 
Gruby. These two individuals first showed the etio
logic role of fungi in human disease. Ajello (1975) 
states that "Gruby's first three papers accurately and 
succinctly described the clinical expression and in 
vivo microscopic details offavic crusts and the tissue 
form ofT. schoenleinii" (p. 5). 

Other early European contributors 

Otto Busse (1894) at Virchow Hospital and A. 
Buschke (1895) in Zurich studied and reported 
separately the first Cryptococcus neoformans (as 
Saccharomyces hominis) case. The organism was 
first seen in a surgical specimen from a woman who 
had an abscess on the left tibia that was diagnosed as 
a sarcoma. They described the yeasts that they saw in 
tissue and culture as doubly contoured, spherical to 
ovoid cells. Busse was able to produce similar lesions 
in mice to those found in the patient's tissues and 
obtained a pure culture using a prune juice medium 
(Schwarz and Baum, 1964). Subsequently, the 
patient developed lesions on the face and other areas 
of the body and died. Busse reported his work on 
July 7, 1894 to a local medical society. Buschke also 
attempted to culture the organism, but Busse's 
investigation was conducted previously. The pathol
ogist Busse was born in Germany and was a student 
of Paul Grawitz, an assistant of Rudolph Virchow. 
Other European investigators studied the natural 
history of this organism including Francesco Sanfe
lice (1894) who gave it the name Saccharomyces 
neoformans, Jean Paul Vuillemin (1901) who trans
ferred it to the genus Cryptococcus, and D. von 
Hansemann (1905) who described the first case of 
cryptococcal meningitis. 

The reports of the role of Aspergillus spp. in 
human pulmonary diseases by the German physi
cian, Rudolph Virchow in 1856 (Ziegler-Bohme and 
Gemeinhardt, 1990) at the University of Berlin, 
Germany, and the work of Aldo Castellani on the 
use of biological criteria for the identification of 
pathogenic yeasts (Binazzi, 1991; Seeliger and See
fried, 1989) are additional important European 
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contributions to the development of medical mycol
ogy in the early years. 

The next important European contribution 
belongs to the German, Paul Grawitz and the 
Frenchman, Emile Duclaux, who simultaneously in 
1886 grew several pathogenic fungi in pure culture 
(Ajello, 197 5). The contamination of cultures by the 
fast growing species of Aspergillus or Penicillium 
created the misconception that either all dermato
phytoses were caused by a single fungus, or that the 
dermatophytic fungi were mutants of these fast 
growing fungi. The introduction of pure culture 
techniques was vital for resolving these erroneous 
ideas regarding the etiologic agents of the dermato
phytoses and of other fungal diseases. In 1877, 
George Thin (King, D.F. and King, L.A.C., 1988) 
used a pure culture technique and a variety of liquid 
media and "meat-gelatin" to prove that the patho
genic fungus T. tonsurans "is not related to ordinary 
fungi... with which it had been up to that time 
confounded" (p. 547). These and other early mycol
ogists, who worked from 1841 to the end of the 
century, prepared the way for Raimond Sabouraud 
who decisively established the plurality of the etiolo
gic agents of ringworm infections (Ainsworth, 
1961). 

Sabouraud's contributions 

Raimond Jacques Adrien Sabouraud marked the 
period of transition from the dermatophytoses (the 
now overshadowed infections) to the systemic fungal 
diseases (the then overshadowed infections). Ajello 
(1975) aptly wrote that "the one man who truly 
revolutionized our concepts of the dermatophytes 
and who immeasurably contributed to the develop
ment of medical mycology was Raimond Sabour
aud" (p. 6). Sabouraud represents Ajello's (1975) 
fourth milestone. Sabouraud was able to crystallize 
and organize the accumulation of fifty years of 
scattered observations regarding the role of patho
genic fungi in ringworm infections. He took advan
tage of the newly developed pure-culture technique 
and integrated the mycological and clinical aspects 
into a comprehensive concept. His contributions are 
contained in his publication Les Teignes (Sabouraud, 
191 0), which was the most scholarly contribution of 
his time regarding the dermatophytes, as well as an 
invaluable contemporary reference tool. 

Although many of the common dermatophytes 
were described by 1910, it was Sabouraud who 
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classified the dermatophytes into the four genera: 
Achorion, Epidermophyton, Microsporum, and Tri
chophyton. He developed media for their isolation, 
identification, and maintenance and then estab
lished the taxonomic criteria for their identification. 
He proposed the name Epidermophyton inguinale for 
the fungus (now called E. .floccosum) that causes 
eczema marginatum e.g., tinea cruris, ringworm of 
the groin. Sabouraud and Noise introduced the use 
of X-rays as a therapeutic procedure to reduce the 
prevalence and incidence of dermatophytosis (tinea 
capitatis) in Europe. This procedure also alleviated 
an important socio-economic problem. The length 
of hospitalization to cure these infections was 
reduced from 2 years to 3 months and the segregated 
schools required for the education of affected chil
dren with ringworm were no longer needed. 

Early Latin-American contributors 

In 1892, the Argentinean soldier Domingo Escurra 
was referred to Alejandro Posada, a student of 
Robert Wernicke, professor of pathology at the 
University of Buenos Aires, for confirmation of a 
possible diagnosis of cutaneous tuberculosis. Verru
cous lesions and lymphadenopathy had developed in 
this patient following a presumed bite by a spider on 
his cheek. Posada (1892) found the characteristic 
spherules of Coccidioides immitis in the patient's 
tissue sections but he thought this organism was the 
etiologic agent of "mycosis fungoides". Escurra died 
as a result of this fungal disease in 1889 and his head 
was preserved and remains as a specimen in the 
pathology museum of the University Hospital in 
Buenos Aires. Four years after Posada's discovery, 
Emmet Rixford and Thomas C. Gilchrist (1896) 
compared the organism that they found in tissues 
from a farm laborer living in the San Joaquin Valley 
of California with Posada's accurate descriptions of 
the spherule cells and concluded that they were 
dealing with the same organism (Chapter II). 

In 1900, Guillermo Seeber, a studentofWernicke, 
reported the first case of rhinosporidiosis. The 
patient was a 19-year-old farmer who had a large 
nasal lesion that impeded breathing. Seeber (1900) 
believed that this disease was caused by an organism 
related to that of Posada's case. In 1923, Ashworth in 
Scotland definitely concluded that the organism 
isolated by Seeber was a fungus and named it 
Rhinosporidium seeberi. 

At the Instituto Oswald Cruz that was founded in 
1900 at Rio de Janeiro, Brazil, Paulo P. Horta and 
other investigators discovered black piedra in 1911. 
The clinical aspects of this infection had been 
described in 1876 by Nicolas Ozorio and Posada 
Arango in Colombia (Drouhet, 1992). The etiologic 
agent of black piedra was described as Trichosporon 
hortai in 1913 by Emile Brumpt from France and 
reclassified as Piedraia hortae (as hortai) by Olympo 
da Fonseca and de Area Leiio (1928) in Brazil to 
honor Horta. da Fonseca, originally a parasitolo
gist, was trained in the United States as a Fellow of 
the Rockefeller Foundation under the direction of 
the general mycologists Roland Thaxter (Harvard 
University), Charles Thorn, and the dermatologist 
Caspar Gilchrist, who described the first case of 
blastomycosis. Da Fonseca also visited the labora
tories of Raimond Sabouraud, Maurice Langeron, 
A. Guilliermond and other important European 
scientists. Tinea nigra was described in 1898 in 
Colombia by Montoya and Flores. In 1891, Alex
andre Cerqueira had provided a well documented 
description of this disease; however, this report did 
not appear in the literature until 1916 when Cer
queira's son reported the case. The etiologic agent of 
this disease was isolated by Horta (1921) and he 
named the organism Cladosporium werneckii (now 
Phaeoannellomyces werneckiz). In 1908, Adolfo Liitz 
was the first to recognize that paracoccidioidomy
cosis was a fungal disease, while he was the director 
of the Bacteriological Institute of Sao Paulo. Liitz 
obtained his degree in Switzerland. The role of 
phaeoid fungi as etiologic agents of chomoblasto
mycosis was established by numerous case reports 
from Latin America, including the four cases of 
Fonsecaea pedrosoi (as Phialophora verrucosa) 
reported from Brazil by A. Pedroso and J.M. Gomes 
(1920) following the case described by M. Rudolph 
(1914). The fungus was namedHormodendrumped
rosoi by Brumpt in 1922, because he thought it was 
different from Medlar's (1915) and Lane's (1915) 
isolate (Phialophora verrucosa) (Chapter II). In 
Argentina, Pablo Negroni (1936) proposed the new 
genus Fonsecaea to accomodate isolates that pro
duce Cladosporium-like and sympodial forms of 
conidiogenous cell formation. 



The origin of general mycology: United States 

Lewis David von Schweinitz, who is considered the 
first American mycologist, is lavishly praised as the 
"mycological father of us all ... of North American 
mycology" by the mycologic historian Donald 
Rogers (1977a). von Schweinitz was educated in a 
German seminary, became a priest of the Moravian 
church in 1801, and obtained his Ph.D. in 1817. 
During his years in Germany, his mentor was J. von 
Albertini, a dedicated botanist and mycologist. von 
Schweinitz started his studies of plants and fungi 
when he returned to the United States after receiving 
an appointment as administrator of the Church 
Estates in Salem, North Carolina. The list of his 
collection of over 1300 fungal species was completed 
in 1818 and it included elaborate descriptions of 
many new taxa. Published in 1822 under the title, 
Synopsis fungorum carolinae superioris (Rogers, 
1977a), his work on American fungi predated Elias 
Magnus Fries' Systema Mycologicum in 1821. 
Although other mycologic works were published 
before von Schweinitz's four books, Rogers (1977a) 
believes that von Schweinitz was the first American 
mycologist. Earlier mycologic publications contain 
either references to probable fungal species without 
a name, or a description of the species, or only 
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inadequate descriptions (Rogers, 1977a). They were 
at best mere catalogues or lists of fungi. 

Many other botanically oriented mycologists have 
contributed to the development of mycology in the 
United States. Robert M. Page (Emerson and Hum
ber, 1970), Lexemuel R. Hesler (Petersen, 1978), and 
Lee Bonar (Tavares, 1979) made important contri
butions through their leadership, teaching, and the 
direction given to graduate and undergraduate stu
dents. However, they also deserve recognition for 
their scientific contributions to the understanding of 
the nomenclature and taxonomy of pathogenic 
fungal species of plants and the fungi that had 
agricultural, military, and industrial importance. 
Among early taxonomists we also can list in chron
ological order, Fred J. Seaver (Rogerson, 1973), 
H.C. Greene (Backus and Evans, 1968), Dorothy I. 
Fennell (Hesseltine, 1979), and Travis E. Brooks 
(Keller, 1979). Most early mycologists were dedi
cated to the study of the moulds or filamentous 
fungi. Herman J. Phaff (1986), on the other hand, 
dedicated his career to the taxonomic study of the 
yeasts. In his autobiography, Phafftraced the devel
opment of his career according to the different 
developmental stages of microbiology that occurred 
during his life as a scientist. 



II. The era of discovery: 1894 to 1919 

Figure 6. Thomas Caspar Gilchrist (pp. 15- 17) (Courtesy of 
Johns Hopkins Medical Archives) 
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Figure 7. First drawings of Blastomyces dermatitidis (p. 15) 
(Gilchrist & Stokes, Circa 1896) 
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Figure 8. Second Blastomycosis patient (pp. 15- 16) (Gilchrist & Stokes, Circa 1896) 

Figure 9. (opposite) Emmet Rixford (Circa 1896) (p. 16) (From: 
Derensinski, S. & Hector, R. 1996. Coccidioidomycosis. 
Washington, DC: NFID)) 

Figure /0. First Coccidioidomycosis patient in the United States 
(p. 16) (Rixford & Gilchrist, Circa 1896) 



Figure 12. Benjamin R . Schenck (1872- 1920) (p. 17) 
(Courtesy of Johns Hopkins Medical Archives) 
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Figure 13. First drawings of Sporothrix schenckii and photo of first 
culture (p. 17) (Schenck, Circa 1898) 



Figure 14. Willi am Ophii1s ( 1871 -- 1932) (p. 18) (From: 
Derensinski, S. & Hector, R. 1996. Coccidioidomycosis. 
Washington, DC: NFI D) 

Figure 16. Dimorphism- S. .<chenckii (p. 19) (Ludvig C. F. Perkins, 
Circa 1900- 1901) 
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Figure 15. Dimorphism- C. immitis (p. 18) (Ophii1s, Circa 1905) 

Figure 17. Dimorphism- B. dermatitidi.< (p. 19) (Hamburger, 
Circa 1907) 



14 

Figure 18. Samuel T. Darling (Circa early 1900s) (p. 20) 
(Courtesy of Dr. Ajello) 

Figure 20. Hen rique da Rocha-Lima (p. 20) (From: Sweany, H. 
C. (Ed.). 1960. Histoplasmosis. Springfield, II: Courtesy of 
Charles C. Thomas) 
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Figure 19. First drawings of Histoplasma capsulatum (p. 20) 
(Darling, Circa 1906) 

Figure 21 . William H. Welch (Circa late 1890s) (p. 21) (Courtesy 
of Johns Hopkins Medical Archives) 



Overview: 1894 to 1900 

The development of medical mycology in the United 
States began during the late 1800s with the discovery 
of two new etiologic agents of disease: Blastomyces 
dermatitidis in 1894 and Sporothrix schenckii in 
1899. Thomas Caspar Gilchrist and Benjamin R. 
Schenck conducted a thorough investigation of these 
mycoses at the newly established (1889) medical 
center of Johns Hopkins Hospital in Baltimore, 
Maryland. Research at Johns Hopkins was initiated 
in its new bacteriology laboratory with the support 
of federal grants. These major breakthroughs were 
soon followed by the discovery of the first two 
American cases caused by the dimorphic fungus 
Coccidioides immitis that were reported in 1896 from 
California. The prevalence of dermatophyte infec
tions (as ringworm) in the Boston area and the first 
report of eumycotic mycetoma were published in 
1898 and 1899, respectively. These early contribu
tors were either dermatologists, pathologists or 
bacteriologists studying fungal infections, who fol
lowed the bacteriologic standards set by Louis 
Pasteur's research on rabies in France and Robert 
Koch's discoveries regarding tuberculosis in Ger
many. The publications describing fungal diseases 
originating from Europe and Latin America gave 
the early American investigators comparative refer
ence points that became another contributory factor 
in the origin of the discipline. By the late 1800s, most 
American publications were illustrated with numer
ous drawings and photographs, and consisted of 
lengthy and detailed descriptions of lesions, tissue 
reactions, culture results, and experimental infec
tions dealing with the etiologic agents. 

The recognition of fungi as etiologic agents of 
disease is considered an important contribution to 
the development of the discipline by 30% of the 
contemporary medical mycologists, who responded 
to my questionnaire regarding the foundation of the 
discipline (Table 4, Appendix A). The thoughts of 
two respondents nicely summarize the discoveries of 
the late 1800s. Karl Clemons (1994) stated that "if 
fungi had not been proved to be disease carrying, we 
would not have a field of medical mycology". For 
Demosthenes Pappagianis (1994), "the recognition 
by the Europeans in the 1830s of the relationship 
between fungi and disease in humans represents the 
basis on which the further development of medical 
mycology depended" (K. Clemons, 1994; D. Pappa
gianis, personal communication, 1994). 
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1894 to 1900 

Blastomycosis 

The first American report of a fungal etiologic agent 
of human disease appeared in 1894, following Tho
mas Caspar Gilchrist's presentation of a blastomy
cosis case at the meeting of the American Dermato
logical Society held in Washington, D.C. in June of 
that year. Gilchrist (1896) later published an exten
sive and detailed account of this case, including 
numerous drawings and photographs of the tissue 
form (the yeast) of the etiologic agent that Gilchrist 
and W.R. Stokes named Blastomyces dermatitidis in 
1898. This etiologic agent was first seen when 
Gilchrist (1894, 1896) was examining hand skin 
tissue for the presence of Mycobacterium tuberculo
sis. The patient lived in Philadelphia and was under 
Louis A. Dubring's care. The chief hematological 
features were numerous, well-defined, miliary 
abscesses of different sizes containing polymorpho
nuclear cells (PMN), nuclear debris, a few epithelial 
cells, scarce giant cells, and some budding yeasts. 
The walls of the abscesses consisted of epithelial 
cells; large collections of endothelial cells and PMN s 
were seen around the blood vessels. 

B. dermatitidis yeast cells in tissue were described 
by Gilchrist (1896) as being deeply-stained, homo
geneous, oval and roundish cells (6 to 16 Jlin) with a 
well-marked spherical nucleus (3.5 to 4 Jlin) that 
stained more deeply than the rest of the yeast cell. 
He described what he thought was a capsule as the 
"peripheral zone or the space between the proto
plasmic contents and the membrane" (Gilchrist, 
1896, p. 273). The developmental stages were studied 
from single cell to budding cell and the separation of 
the daughter cell from the parent cell. Each defini
tion was accompanied either by drawings, photo
graphs, or both. In 1894, B. dermatitidis was initially 
considered to be a protozoan by Gilchrist, but the 
presence of budding yeast cells suggested to him in 
1896 that he was actually dealing with a yeast. 
However, he believed erroneously that this yeast 
was Cryptococcus neoformans, which had been 
reported previously in Europe by Otto Busse, A. 
Buschke and F. Sanfelice between 1894 and 1895 
under the name Saccharomyces neoformans (Busse, 
1894; Buschke, 1895; Sanfelice, 1894) (See Chapter 
1). 

In 1896, a 31-year-old man with multiple skin 
lesions was referred to Halstead at the Johns Hop-



16 

kins Hospital for evaluation. Gilchrist and Stokes 
(1896, 1898) then had the opportunity to study more 
closely a second case of blastomycosis. The infection 
had begun eleven years earlier as a small pimple 
located on the back of the patient's left ear, which 
subsequently became pustular. The disease process 
progressed very slowly (3 to 5 em in 4 to 5 years), and 
gradually several lesions covered almost his entire 
face. The central portion of each lesion presented as 
an atrophic "cicatricial" condition and the whole 
area was enclosed by a distinctive and irregular 
border of demarcation. The planned treatment was 
to curette the active cutaneous lesions and then to 
apply silver nitrate; however, the patient left and 
later reported the spontaneous healing of these 
painless lesions without additional treatment. In 
1896, Gilchrist provided only a drawing of the facial 
lesions, but later in 1898 included a photograph of 
the man's face showing the severity of the disease. He 
also included drawings of hyphae, yeast cells, and 
the tissue reaction. Sections from the cutaneous 
lesions showed the presence of budding yeasts (10--
20 JJm) and tubercles like those seen in the first case. 

From the miliary abscesses, Gilchrist and Stokes 
(1896, 1898) obtained pure cultures within one 
week, which later developed profuse mycelium. The 
fungus grew on plain agar, potato agar, and beer
wort agar. The hanging drop culture was the techni
que used to observe the development of hyphae, 
which was described as many "long branching 
threads like mycelium, which are divided into 
shorter hyphae by intervening fine transverse lines" 
(Gilchrist and Stokes, 1898, p. 63). Conidia arose 
from the hyphae on short conidiophores in older 
cultures. Dogs, guinea pigs, a horse, and a sheep 
were successfully inoculated with hypha] cells and 
the tissue reaction in the experimental animals was 
identical to that seen in the human patients. The 
disease was named "blastomycetic dermatitidis". 
Gilchrist and Stokes (1898) recommended examin
ing tuberculous-like lesions of the skin for "blasto
mycetes". The yeasts could be easily missed in tissues 
when stained with hematoxylin and eosin stains 
(H&E stains) (Gilchrist and Stokes, 1898) because 
of the unfamiliarity of most pathologists with the 
fungus in tissue and poor staining of tissue sections. 

Coccidioidomycosis 

In 1896, Emmet Rixford and Thomas Caspar 
Gilchrist reported two cases of what they thought 

were unquestionably genuine parasitic infections not 
to be ranked with doubtful "protozoa or blastomy
cete cases". The disease, coccidioidal granuloma, 
had been reported in 1892 by Alejandro Posada 
(Chapter I). The patients were two Portuguese men 
who had lived in California in the San Joaquin Valley 
for several years. One was admitted to a San 
Francisco hospital in July 1893 and the other to St. 
Mary's Hospital in August, 1894. The latter case was 
presented to the California Academy of Medicine on 
September 15, 1894. Both patients had similar 
cutaneous lesions involving the face, neck and 
extremities that were "horribly destructive". One 
patient lost both eyes, his upper lip, and half of one 
ear prior to death. The second patient died before his 
skin lesions became as extensive as those of the other 
patient and, unfortunately, no autopsy was per
formed in his case. The autopsy of the first patient 
revealed involvement of the lungs, adrenals, genitals, 
liver, spleen, and bone. The tissue reactions were 
described as having "close resemblance, amounting 
to histological identity, between many of the nodules 
and a genuine tuberculous process with caseation or 
coagulative necrosis" (Rixford and Gilchrist, 1896, 
p. 245). 

Rixford and Gilchrist (1896) described the tissue 
form of the etiologic agent of coccidioidomycosis as 
"spherical, unicellular bodies, varying from 7 to 27 
J.lm in diameter and consist in the encapsulated 
condition of a thick doubly countered capsule which 
encloses a finely granular protoplasm; as many as 
100 small spores are set free by the bursting of the 
capsule" (p. 246). Lesions of experimentally infected 
animals showed caseation and large numbers of the 
fungal cells. The attempted cultures were assumed to 
be negative, because they were mistakenly discarded 
as being contaminated by a filamentous fungus. 
They gave the name, "protozoan or coccidioidal 
pseudo-tuberculosis" to the disease, and designated 
the organism from the first case as Coccidioides 
immitis and as C. pyogenes from the second case. 
They were not certain if the two fungi were the same, 
because one patient had a chronic process and the 
other an acute disease. Numerous illustrations and 
photographs were provided to support the descrip
tions of the lesions, tissue reaction, and the develop
mental stages of the pathogen in tissue. 



Sporotrichosis 

Benjamin Schenck (1898) reported that on Novem
ber 30, 1896, a patient presented himself at the 
Surgical Clinic of the Johns Hopkins Hospital with 
an infection of the right arm. The primary infection 
involved the index finger, with the infection extend
ing up the radial side of the arm, following the lymph 
system, and giving rise to several uncircumscribed, 
ulcerated indurations. Examination of skin tissue 
revealed "the characteristics of a chronic abscess, 
consisting of inflammatory and cicatricial tissues, a 
zone of leukocytes and newly-formed connective 
tissue, in which are several minute secondary 
abscesses" (Schenck, 1898, p. 288). In contrast to 
Gilchrist's (1898) fungus, the etiologic agent was 
reported to stain well and to be gram positive. 
Cultures of the "gelantinous, puriform material" 
and of small pieces of tissue gave rise to abundant 
growth of an "organism, not resembling bacteria". 
Growth appeared at 48 h (37°C) and mature colo
nies (72 h) were described as "opaque, white, and 
moist, with well-defined edges". Experimental infec
tions were successful in a dog and mice. 

Schenck (1898) used the hanging drop technique 
to study the development of the fungus in culture 
and then described how the "conidia germinate by 
sending out one or more unbranched and straight 
germ tubes from one end that give off spores; the 
spores are attached by terminal or lateral short 
pedicles or sterigmata" (p. 287). Schenck acknowl
edged Erwin F. Smith, United States Department of 
Agriculture, for the description. It was Smith who 
placed this fungus in the genera Sporotrichum. Smith 
believed that the genera Sporotrichum and Trichos
porium were the same in contrast to Saccardo's 
opinion. Smith could not identify the fungus to a 
species level based on Saccardo's limited descrip
tions of more than 100 species (Schenck, 1898) of 
Sporotrichum. 

Mycotic mycetoma 

The first well documented case of a mycetoma in the 
United States was provided by James Wright in 
1898. Based on a review of the literature, Wright 
concluded that mycetomas were caused by at least 
two different fungi. One caused an infection char
acterized by the presence of black granules and the 
other by pale or ochroid granules. Wright's (1898) 
patient was a 26-year-old Italian woman who was 
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admitted to Massachusetts General Hospital on 
December 29, 1897 for evaluation of a possible six
month-old mycetoma. The foot (amputated) was 
swollen with "desquamation of the epithelium" and 
with a small sinus tract that "exuded on pressure a 
dirty, greyish fluid, containing black, hard, irregular 
granule-like grains of gunpowder" (Wright, 1898, p. 
426). The granules were treated with KOH and 
crushed under a cover-glass to reveal "ovoid or 
rounded translucent bodies" cut in various planes 
and of varying sizes, typical septate hyphae, and 
atypical connective tissue. The fungus grew on var
ious solid media in 4 to 5 days and appeared first as a 
"tuft of delicate, whitish filaments", which increased 
in number and length and did not bear conidia. On 
potato agar the colonies became dark brown and 
moist. The fungus was considered to be a hyphomy
cete. 

Dermatophytosis 

The last major medical mycology scientific paper 
published in the 1800s was by Charles White (1899), 
a dermatologist, who reported his personal observa
tions of279 cases of ringworm that he had treated in 
Boston between October 1895 to July 1898. Of the 
279 cases, 139 (50%) were caused by Microsporum 
audouinii in children under 13 years of age, 127 by a 
mould that he called "megalospora", and 13 were 
not diagnosed. The plants as White (1899) called 
these etiologic agents were located on the scalp (120 
cases), on the scalp and neck (3), in the beard (1), on 
the face (5), the trunk (3), and on the extremities (3) 
of 80 males and 59 females. The treatment for these 
infections consisted of thorough surgical measures 
for easily treated cases or epilation followed by 
application of either sulphur, napthol, carbolic acid, 
mercury, or curetting of the entire area and later 
skin-grafted for "obstinate disease". White (1899) 
concluded that American infections were milder 
than the European cases and required less severe 
treatment. However, microscopically, clinically, and 
culturally these ringworm infections resembled the 
ones reported in London and Paris, especially in the 
former city. 

Overview: 1900 to 1919 

Important contributions to the development of 
medical mycology in the U.S. were achieved during 



18 

this period (1900 to 1919). The concept of dimorph
ism was established for three fungi between 1900 and 
1907: C. immitis, Sporothrix schenckii and B. derma
titidis. Studies on the biology, epidemiology, and 
serology of C. immitis were begun. An understand
ing of the epidemiology and serology of the 
dimorphic fungi was considered important in the 
development of medical mycology (Table 4, Appen
dix A). B. dermatitidis and C. immitis were consid
ered distinctive etiologic entities of invasive disease. 
It was noted that it was essential to consider these 
mycoses in the differential diagnosis of various 
diseases, including tuberculosis. Three additional 
fungi were recognized as etiologic agents of disease 
during this period, Histoplasma capsulatum var. 
capsulatum, Phialophora verrucosa, and Absidia cor
ymbifera (as Mucor corymbifer). In addition, the first 
two American cases of cryptococcal meningitis were 
reported from New York. Kyung Joo Kwon-Chung 
(1994) stated that "while medical mycology in 
Europe was still centered around dermatophytosis 
and other cutaneous pathogens, medical mycology 
in the United States expanded the studies of the deep 
mycoses" (K.J. Kwon-Chung, March 14, 1994). 
Although the discipline was established, there was 
much confusion and organized training was not 
available. Medical mycologic research expanded 
and knowledge was disseminated through publica
tions of scienific discoveries and presentations at 
medical conferences. 

1900 to 1919 

Coccidioidomycosis 

The physicians, William Ophiils and Herbert Moffit 
(1900) isolated a mould at autopsy from the lungs of 
a farm laborer who had entered the City and County 
Hospital (San Francisco) on January 26, 1900 and 
died on February 6, 1900. The patient had a painful 
and inflamed joint, irregular fever ("up to 104 °C"), 
cough with mucopurulent and occasionally blood
stained expectorations, and swelling over the left 
eye. The lungs showed signs of irregular nodular 
consolidation with necrotic centers (1 em), several 
abscesses, and pneumonia. The disease had spread 
to the spleen, kidneys, liver, bones, and lymph nodes. 
The fungus was seen in all infected tissues and grew 
on agar as a "white to slightly yellowish mould" that 
was visible at 48 h. The infection was reproduced in 

guinea pigs by inoculating the mould into their veins. 
Although the animals did not die, the parasitic form 
of the fungus and typical tubercle-like nodes were 
found in their lungs. These results suggested to them 
that "the protozoon-like bodies and the mould were 
different stages in the development of the same 
fungus" (Ophiils and Moffit, 1900, p. 1472). The 
concept of dimorphism thus was introduced for the 
first time for C. immitis. A parasitic form occurs in 
tissue and a saprophytic form in nature or when the 
fungus is grown at room temperature on various 
media. 

In 1905, Ophiils investigated further the etiology 
of coccidioidomycosis, a disease that was then 
thought to be caused by the two species designated 
by Emmet Rixford and Caspar Gilchrist (1896) as 
C. immitis and C. pyogenes. Ophiils (1905) reviewed 
the six reported cases and conducted growth studies 
in experimentally infected animals and on artificial 
media. He reported that in infected rabbits the 
parasitic form (spherules) arose directly from the 
arthroconidia (saprophytic infectious cells) by a 
process of enlargement. He concluded that the 
infection was not caused by a protozoan, but by a 
pathogenic fungus; the primary infection may be 
either cutaneous or pulmonary; the lesions ("infec
tious granulomata") contain chronic abscesses and 
nodes resembling tuberculosis; the fungus is patho
genic for animals (dogs, rabbits, and guinea pigs); 
and produced lesions in animals that were similar to 
those encountered in humans. He suggested the 
name Oidium coccidioides for the fungus and cocci
dioidal granuloma for the disease. 

By 1915 Ernest Dickson concluded that 35 of the 
40 known patients with coccidioidomycosis had 
been residents of California, three had visited the 
state, and 27 had spent some time in the San Joaquin 
Valley (16 had been evaluated at the Leland Stanford 
Junior University, School of Medicine, formerly 
Cooper Medical School). Most of the patients (37 
of 40 patients) were adult male laborers. The review 
of these 40 cases prompted Dickson (1915) to 
conclude that coccidioidal granuloma was a clinical 
entity; the disease was almost identical to tubercu
losis; coccidioidal granuloma and blastomycosis 
were etiologically distinctive diseases; coccidioidal 
granuloma may be treated by radical removal of 
infected organs; and some patients undergo sponta
neous recovery. Therefore, there was the need to 
include these diseases in the differential diagnosis of 
various infections and to perform microbiologic 



identification of their etiological agents. During that 
same year, at the Unversity of California Hospital in 
San Francisco, Jean Cooke ( 1915) described the first 
immunological studies on coccidioidomycosis. She 
demonstrated the presence of precipitin antibodies 
(titer of 16) in the serum of a patient using an 
antigenic extract (as the "precipitinogen") of dried 
cultures of C. immitis. The serological reactions were 
specific, since the precipitin antibodies did not cross
react with B. dermatitidis antigen. Although she 
failed to demonstrate both complement-fixing (CF) 
and agglutinin antibodies, she suggested the poten
tial use of the CF test as a diagnostic tool. W.B. 
Bowman (1919) was the first to describe the X-ray 
findings of five patients afflicted with this disease, 
while he was at the Los Angeles County Hospital. 
Photographs of bone and lung lesions were provided 
in his article. 

Sporotrichosis 

While at Rush Medical College, Shenandoah, Iowa, 
Ludvig Hektoen and C. F. Perkins (1900-1901) diag
nosed a third case of S. schenckii infection and, most 
importantly, compared the characteristics of their 
isolate with those recovered by Benjamin Schenck 
(1898) and Brayton (Hektoen and Perkins, 1900-
1901). Hektoen and Perkins (1900-1901) demon
strated that the three infections had been caused by 
the same fungal species, and concluded that the yeast 
form was the only form found in the tissues of 
humans and experimentally infected animals. This 
paper contains photographs and drawings that 
clearly depict the morphological characteristics of 
the saphrophytic and parasitic forms of this species. 
By 1913, David J. Davis had confirmed Hektoen and 
Perkins' (1900-1901) earlier suggestion concerning 
the dimorphism of S. schenckii when he studied 
Hektoen's, Gougerot's (Paris), and other clinical 
isolates originating from patients with sporotricho
sis. Maurice Langeron, Gougerot, and other investi
gators had studied numerous cases caused by S. 
schenckii at the Pasteur Institute. 

Blastomycosis 

James Walker and Frank Montgomery (1902), a 
surgeon and a dermatologist, respectively at Rush 
Medical College, Shenandoah, Iowa, were the first 
to report that B. dermatitidis could cause invasive 
disease in humans. Their case was reported at a 
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surgical meeting as a patient having only a skin 
infection. They originally believed that their patient 
had died of miliary tuberculosis which was the 
patient's secondary infection. Following a careful 
search for M. tuberculosis in several hundred skin 
sections, only a few bacilli were found in contrast to 
the large numbers of yeast cells that had been 
apparently missed by the pathologists. The lungs 
also were full of typical yeast cells (as blastomycetes ), 
which clearly demonstrated that this was a systemic 
fungal infection. The patient had been curetted, each 
ulcer was cauterized with Pacquelin cautery fol
lowed by a daily application of wet boric-acid 
dressings. Nine days later, the clean granulating 
areas had been covered with Thiersch's grafts furn
ished by a friend of the patient. Nine days after the 
skin grafting, the patient was worse, new lesions 
were seen, and death occurred 33 days after surgery. 
It was believed that curettage hastened the demise of 
the patient, however, it was the indicated treatment 
when large doses of potassium iodide proved to be 
ineffective. 

The cultural characteristics of B. dermatitidis were 
first described by Walter Hamburger (1907) when he 
reported that B. dermatitidis grew well and rapidly 
on routine laboratory media (e.g., glucose agar, 
glycerin-agar, ox blood serum agar, and potato agar) 
and even faster on slightly acid glucose-agar. How
ever, his most significant contribution was his 
description of the dimorphism of this pathogen, 
when he concluded that room temperature favored 
production of mycelium and aerial hyphae and that 
at 37oC there was inhibition of hypha! growth and 
production of yeasts instead. The yeast-like colonies 
reverted to hypha! growth at ambient temperature, 
and the hypha! growth to yeast- like colonies at 
3TC. Hamburger (1907) recommended the incuba
tion of cultures at 3TC and ambient temperature, a 
practice currently followed in many clinical labora
tories. The prevalence of systemic blastomycosis was 
confirmed by Frank Montgomery and Oliver 
Ormsby (1908) during the ensuing year. They "col
lected" and reviewed 22 cases (some unreported) 
from the Chicago area (13 cases), Iowa (2 cases), 
and from other areas of the United States. They also 
reviewed cases reported from Germany and France. 
The common and most pronounced feature of these 
cases was the formation of multiple abscesses in 
various organs of the body. 
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Histoplasmosis 

Samuel T. Darling (1906), while he was working as a 
pathologist in Panama, found numerous small, oval 
to round bodies in autopsy smears of the lungs, 
spleen, and bone marrow of a Panamanian patient. 
This patient had been suspected of having miliary 
tuberculosis of the lungs. Most of these bodies were 
intracellular (1 0 to 100 fungal cells per host cell) 
within alveolar epithelial cells in the pseudotubercu
lar areas, while others appeared to be free in the 
spleen and rib marrow. Polymorphonuclear leuko
cytes were rare, a few mononuclear cells were seen, 
and M tuberculosis bacilli were absent. The "bodies 
were surrounded by a clear refractive non-staining 
rim, in thickness about 116 the diameter of the 
parasite" (Darling, 1906, p. 1283). Darling (1906) 
believed erroneously that this clear area was a 
capsule when he named this microorganism Histo
plasma capsulatum. He thought it was a protozoan 
and not a fungus, since it resembled Leishmania 
donovani. Nevertheless, the discovery of another 
fungus as an etiologic agent of invasive disease had 
been accomplished. However, it was the Brazilian, 
Henrique da Rocha-Lima (1912-1913), who con
cluded that Darling's organism was in reality a 
fungus. 

Chromoblastomycosis 

The, first known case of a Phialophora verrucosa 
infection was reported simultaneously in the United 
States by physicians in the Departments of Pathol
ogy (Medlar, 1915) and Dermatology (Lane, 1915) 
of Boston City Hospital. Two important diagnostic 
observations were made. First, laboratory diagnosis 
is needed for certain types of chronic skin infections 
and, secondly, all "fungi that appear as yeast cells in 
tissue are not necessarily of the same variety of 
fungus" (Medlar, 1915, p. 508). C.G. Lane's (1915) 
patient was a nineteen year old Italian immigrant, 
who for a year had had a painless lesion on the right 
buttock. The lesion had started as a purulent pimple 
that gradually increased to 2.5 em in size. A painless 
lump developed near the lesion six months later. A 
diagnosis of tuberculosis verrucosa was considered 
and the lump was excised. The initial laboratory 
diagnosis was blastomycosis based on the "bodies 
seen in the smears." However, because the lesion 
appeared to differ from those known to be caused 
by either B. dermatitidis or S. schenckii, a biopsy was 

performed by Lane (1915) and then sent to E.M. 
Medlar (1915) for further study. 

The biopsy revealed the same types of cellular 
reactions as those seen in blastomycosis, but the 
parasitic cells were phaeoid and occurred solitarily 
or in small groups. The fungal cells were described 
by Medlar ( 1915) as either "brownish-black sclerotic 
cells (8 to 15 J.lm) that show septations after matura
tion (size of mature cells, 20 to 25 J.lm) or as budding 
yeasts" (Medlar, 1915, p. 513). The microscopic 
observations of the isolates of this phaeoid (as black) 
mould, which was initially discarded as a contami
nant, showed mycelium composed of septate 
branched hyphae supporting conidial formation on 
lateral branches by sequential budding, and "the 
formation of a shallow cup, where conidia are 
deposited, as the wall of the germinating cell is 
extended outwards" (Medlar, 1915, p. 515). Medlar 
(1915) gave his fungus to the famed mycologist 
Roland Thaxter at Harvard University, who con
cluded that it should be described as a new taxon. 
Medlar followed Thaxter's recommendation, used 
Saccardo's classification system and proposed the 
new name Phialophora verrucosa. Excellent photo
graphs of the phialides and phialoconidia of this 
species, as well as of the parasitic forms of the 
fungus, appeared in both articles. 

Zygomycosis 

A brief and inconclusive report of an Absidia 
corymbifera (as Mucor corymbifer) infection of the 
vocal cords was reported in 1918 by H.C. Ernst from 
Harvard University. This appears to be the first 
report of zygomycosis caused by a fungus belonging 
to this genus in the United States. Experimental 
disease was reproduced in guinea pigs and it was 
found that the optimal temperature for growth was 
ambient temperature. The significance ofthis report 
is that A. corymbifera belongs to the group of fungi 
called Zygomycetes (as Phycomycetes), and that 
some of these species are important and prevalent 
etiologic agents of zygomycosis. It is noteworthy 
that such an unusual case of zygomycosis was the 
first to be described. 

Training and education contributions: 1894 to 1919 

During "the era of discovery", the early contributors 
to the development of medical mycology as a dis-



cipline were not trained as medical mycologists. The 
first detailed descriptions of infections caused by B. 
dermatitidis (Gilchrist, 1894), C. immitis (Rixford 
and Gilchrist, 1896), and S. schenckii (Schenck, 
1898) were made by physicians who were students 
or mentees of William H. Welch at Johns Hopkins 
Medical School in Baltimore, Maryland. This med
ical center is often considered the leader in medical 
educational thought (Turner, 1976) because of the 
creative vision and imagination of its founders. 
Through private funding the University was able to 
support full-time clinical teachers as well as research 
programs in these early years. An emphasis was 
placed on the training of individuals as original 
investigators in order to continually increase medi
cal knowledge and develop a corps of future scien
tists. Other important educational contributions 
during this era were the establishment of a bacteriol
ogy laboratory at Columbia University by Welch, 
before he moved to Johns Hopkins, and the intro
duction of the study of bacterial diseases into the 
formal curriculum of a botany course at the Uni
versity of Illinois by Thomas J. Burrill (Espinel
Ingroff, 1994). By the late 1800s, Johns Hopkins 
already had established its reputation as one of the 
top medical research and training institutions in the 
United States and later became known as the teacher 
of teachers (Turner, 1976). During those early years, 
medical students at Johns Hopkins were required to 
conduct research projects and write a dissertation. 

Welch encouraged interdisciplinary research and 
training and he was an important influence on 
students at that institution. The isolation of S. 
schenckii was conducted by Schenck (1890) while he 
was a medical student under the tutelage of Welch, 
but Schenck became a gynecologist after his gradua
tion in 1898 (Schwarz and Baum, 1964). The 
appointment of William Ophiils as Professor in the 
Cooper Medical College in San Francisco in 1898 
was made at Welch's suggestion. Ophiils became 
Professor of Pathology at Stanford University in 
1909, where the study of coccidioidomycosis had 
begun in 1894. He had obtained his medical degree 
in Germany and was Johannes Orth's assistant for 
two years; Orth had been a student of Rudolph 
Virchow. Ophiils continued his research well into 
the 1900s. Samuel T. Darling, who discovered histo
plasmosis capsulati in the Panama Canal Zone in 
1905, was trained as a pathologist at the College of 
Physicians and Surgeons in Baltimore, whereas, 
Thomas Caspar Gilchrist was trained as a dermatol-
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ogist in England, where he had been born. Gilchrist, 
who conducted his laboratory investigations in 
Welch's laboratory, examined the patient's speci
mens and made the first diagnosis of blastomycosis. 
Gilchrist's accurate drawings were reproduced for 
many years in several textbooks. He was probably 
the first individual to teach undergraduate medical 
students the morphologic methods of diagnosis in 
dermatology while he was a professor of dermatol
ogy at both Johns Hopkins and the University of 
Maryland (Schwarz and Baum, 1964). 

In the second half of the nineteen century, Amer
ican medicine saw the emergence of laboratory 
science as part of the practice of medicine and the 
acceptance of non-physician scientists into the field 
of medicine. The origin ofbacteriologic research and 
the decision to educate medical students in bacter
iology during the "era of discovery" was vital to the 
development of medical mycology and related 
sciences. However, during the ensuing years (1900 
to 1919), medical mycology continued being of 
concern primarily to physicians; a phenomenon that 
also had been observed in related medical fields. As 
American physicians became aware of the impor
tance of Pasteur's and Koch's research contributions 
in Europe (Walsh and Poupard, 1989), bacteriology 
became a necessary part of medical training. As 
physicians realized the importance of this training, 
bacteriology became a component of the medical 
curriculum and the study of fungi was considered by 
many to be part of the "bacteriology exercise". 

Although accounts of the histories of the infec
tious disease specialty (Kass, 1987), internal medi
cine (Beeson, 1986), the Infectious Diseases Society 
of America (Kass and Hayes, 1988; Kunin, 1988), 
and tropical medicine (Warren, 1990) had been 
published, none of these historians attributed any 
merit to or mentioned the contributions made by 
medical mycologists to the study of infectious dis
eases during this era. Recent historical studies 
regarding key early figures in microbiology (Cher
nin, 1987; Dolman, 1982; Rapp, 1989; Woodward, 
1989) only gave credit to the individuals who had 
made advances to understanding the importance of 
tuberculosis, diphtheria, tetanus, and cholera in 
public health. Prior to these discoveries, physicians 
considered the presence of bacteria accidental in 
tissue. These contributions marked the late 1800s as 
the "golden era of microbiology". 

However, as early physicians diagnosed new cases 
of systemic fungal diseases, they became interested 
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in the management of the mycoses and investigation 
of these new etiologic agents of infection. In their 
search to better understand the mycoses that 
mimicked tuberculosis, these early researchers 
rapidly expanded knowledge of the pathogenic fungi 
and fungal diseases. Schwarz and Baum concluded 

in 1964: "Great admiration, obviously, must be 
expressed for the intuition and power of observation 
of these men [and women] who had rather poor 
optical instruments, little background on which to 
build and no specialists to consult" (p. 80). 



III. The formative years: 1920 to 1949 
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Figure 22. First drawings of Pseudal/esce ria boy dii 
(Scedosporium apiospermum) (pp. 33- 34) (Boyd & Crutchfield, 
Circa 1921) 

Figure 24. J. Gardner Hopkins (p. 35) (Circa early 1920s) 
(Courtesy of Dr. Silva-Hutner) 
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Fig. 7.-Cell! from two months' old culture showmg mpcoid capsules. lndia 
ink method. 

Figure 23. First cryptococcal meningitis in the United States (p. 
34) (Freeman & Weidman, Circa 1923) 

Figure 25. First Medical Mycology Laboratory (1926) and 
Rhoda William Benham (p. 35) (Courtesy of Dr. Silva-Hutner) 
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Figure 26. Rhoda Williams Benham (1894-1957) (pp. 35- 37) 
(Courtesy of Dr. Silva-Hutner) 

Figure 27. M.E. Hopper at the Vanderbilt Clinic (late 1920s) (p. 
37) (Courtesy of Dr. Silva-Hutner) 

Figures 28 and 29. Back and front of Rhoda Benham medallion (p. 37). (From: MMSA Archives). 



Figure 30. Chester Wilson Emmons (1900- 1985) (pp. 37, 45) 
(Courtesy of Dr. Kwon-Chung) 
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Figure 31. Myrnie Gifford (Circa 1930s) (pp. 37- 38) (From: 
Derensinski , S. & Hector, R. 1996. Coccidioidomycosis. 
Washington, DC: NFID) 

San Stanis· 
Fresno Kern Kings Madera Merced Joaquin laus Tulare Totale 

Number of doctors re· 
porting caeeP .......... 19 10 7 6 4 12 7 10 75 

Number of cases reported 69 117 24 31 11 29 18 56 354 
Malee .••••.••.•.••.••...•• 27 48 6 9 4 15 5 25 139 
Females .................. 42 69 18 22 7 H 18 80 215 
Fever ..................... 68 117 17 30 11 27 15 62 337 
Cougb and sputum ....... 19 48 6 22 1 4 " 15 124 
Recovery without eom· 

plleatlon ................ 65 115 20 31 11 15 17 51 325 
Progr8118ed to typical 

coccidioidal granuloma 1 

Figure 32. Valley Fever Cases from 1936 to 1937 (pp. 37- 38) (Dickson & Gifford, 1938) 
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Figure 33. Katharine Dodd (p. 38). (From: Sweany, H. C. (Ed.). 
1960. Histoplasmosis. Springfield, II: Courtesy of Charles C. 
Thomas) 

2 

Figure 34. William A. DeMonbreun (p. 38). (From: Sweany, H. 
C. (Ed.). 1960. Histoplasmosis. Springfield, II: Courtesy of 
Charles C. Thomas) 

Figure 35. Dimorphism-H capsulatum (p. 38) 
(DeMonbreun, Circa 1934. Am. J. of Trop. 
Med. XIV, p. 23) 



Figure 36. Norman Francis Conant (1908- 1984) (pp. 39, 46) 
(Courtesy of Dr. Campbell) 

Figure 38. Amos Christie (pp. 39, 41). (From: Sweany, H. C. 
(Ed.). 1960. Histoplasmosis. Springfield , II: Courtesy of Charles 
C. Thomas) 
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Figure 37. Charles E. Smith (1904- 1967) (pp. 39-41) (Courtesy 
of the School of Public Health , University of California at 
Berkeley 

Figure 39. Carroll E. Palmer (pp. 39, 41). (From: Sweany, H. C. 

(Ed.). 1960. Histoplasmosis. Springfield, II: Courtesy of Charles 
C. Thomas) 
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Figure 40. Charlotte Campbell (first row, I st) (p. 42). Virginia & Charles D. Jeffries (second row, 4th & 5th) (p. 60) (Courtesy of Dr. 
Jeffries) 

Figure 41. William H. Weston (1890- 1978) (p. 43-44) (Courtesy 
of Dr. Silva-Hutner) 
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Figure42. William H. Weston (top row, 4th), Mentor of Silva-Hutner (second row, 1st) and other students (1948) (pp. 43-44) (Courtesy 

of Dr. Silva-Hutner) 

Figure 43. Rhoda Benham and her mentee, Arturo Carrion, at 
Columbia in 1949 (p. 44) (Courtesy of Dr. Silva-Hutner) 

Figure 44. Orda A. Plunkett (p. 44-45) (Courtesy of Dr. J. 
Shadomy) 
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Figure 45. From left: Michael Furcolow (second), Chester W. 
Emmons ) & Norman Francis Conant (Courtesy of Dr. 
Goodman) 

Figure 47. Norman Francis Conant (pp. 39, 46) (Courtesy of 
Dr. D. MacKenzie) 

Figure 46. First Medical Mycology Course by Norman Francis Conant (third row, 5th), 1947. Duke University (pp. 39, 46) (Courtesy of 
the Duke University Medical Center Archives) 



Figure48. Howard W. Larsh (1914--1993) (pp. 40, 47) (Courtesy 
of Dr. Goodman) 
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Figure 49. Howard Larsh's students in the 1970s: Larsh (first row, 4th), Nancy Hall (3rd), Glenn Roberts (5th) and Norman Goodman 
(7th) (pp. 40, 47) (Courtesy of Dr. Goodman) 
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Figure 50. Libero Ajello (pp. 40, 47-48) 



Overview: 1920 to 1929 

The direction of medical mycology was affected by 
the occurrence of a number of scientific events 
during the 1920s. The first medical mycology labora
tory was established in 1926 at Columbia University. 
Serological and cell mediated studies were con
ducted with crude antigens of C. immitis and Crypto
coccus neoformans; diagnostic laboratory tests 
began to be developed; Pseudallescheria boydii (as 
Allescheria boydii) was identified as an etiologic 
agent of disease (mycetoma); revision of reported 
cases and isolates were conducted as a means of 
classifying different isolates within a species or 
genus; better descriptions of histoplasmosis capsu
lati and its etiologic agent were published; and 
sporotrichosis was declared an occupational disease. 
Serologic and other diagnostic tests were among the 
major contributions singled out by 9% and 10.1%, 
respectively of the questionnaire respondents (Table 
4, Appendix A). Development of skin tests and the 
work of Raimond Jacques Sabouraud were consid
ered the most important contributions by 7% of the 
86 individuals who answered the question regarding 
these issues (Table 3, Appendix A). For Jose Vazquez 
(questionnaire), "Sabouraud's book, Les Teignes, on 
the dermatophytes is one of the first descriptions of 
fungal diseases and their etiologic agents". 

1920 to 1929 

Laboratory diagnostic methods 

Bertha Fineman (1921) stated that bacteriological 
textbooks in the beginning of the twentieth century 
had "meager" descriptions of the etiologic agent of 
candidiasis, known as thrush during that time per
iod (Department of Bacteriology and Immunology, 
University of Minnesota, Minneapolis). The fungal 
taxonomists of the era had given C. albicans at least 
10 different names, since Charles P. Robin (1853) 
had named this organism Oidium albicans following 
its discovery by B. Langenbeck (1839) in a case of 
typhoid fever and in 1890, W. Zopf introduced the 
name, Monilia candida. Because carbohydrate fer
mentations and agglutination tests were useful in the 
1920s to classify bacteria, Fineman ( 1921) adopted 
this system to study what she called the "thrush 
parasite". She grew cultures on "dextrose-tartaric 
agar" and several other differential media (e.g., milk, 
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gelatin, and carrots), tested 17 carbohydrates, and 
adopted the medium developed in Europe by Linos
sier and Roux for chamydoconidium formation. 
Three important conclusions were made by Fine
man (1921) concerning C. albicans (as Oidium 
albicans): carbohydrates are useful for yeast identifi
cation; isolates of this species produce chlamydoco
nidia but no ascospores; and this species tends to be 
filamentous in liquid media at low oxygen and sur
face tensions, and unicellular on solid media. 

Two important contributions were made concern
ing the selection of a suitable medium for studying 
dermatophytes at the University of Alabama, Bir
mingham (Hodges, 1928) and the University of 
Pennsylvania, Philadelphia (Weidman and Spring, 
1928). The peptone manufactured by Difco (Detroit, 
Michigan) was found to be unacceptable as a sub
stitute for the imported French peptone. The mor
phological characteristics, that are distinctive for 
each dermatophyte species, were not evident when 
using the American peptone. This created a pro
blem, because their identification relied heavily on 
Sabouraud's descriptions and illustrations of the 
dermatophytes grown on agar containing the 
French peptone. After numerous experiments had 
been performed by Fred Weidman and Dorothy 
Spring (1928), using a variety of medium formula
tions supplemented with peptones and carbohy
drates, a suitable medium was selected by Robert 
Hodges (1928). The final formulation of this med
ium contained an American peptone (I%, Fair
child), dextrose (4%), agar (1.8%), and had a final 
pH of 5.0. This formulation was named Sabouraud 
medium (liquid and agar) and to this day it is the 
basic routine culture medium used to grow fungi in 
most clinical laboratories. 

Mycotic mycetomas 

Mark Boyd and Earl Crutchfield (1921) described 
the first case of mycetoma caused by Pseudal
lescheria boydii (as Allescheria boydil) at the Uni
versity of Texas Medical Branch in Galveston, and 
reviewed 30 cases of mycetomas caused by other 
etiologic agents. The mycological studies of P. boydii 
were performed by C.L. Shear (1922). The patient's 
foot had been infected following trauma from a 
thorn. Three months later, the ankle became "soft 
and the lesion finally ruptured, discharging bloody 
pus" (Boyd and Crutchfield, 1921, p. 239). The 
lesions healed temporarily but continued to develop 
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for 12 years and contained yellow-white granules 
that were composed of a dense homogeneous net
work of mycelial "threads". Shear's subcultures of 
the dark fungus grown on cornmeal and glycerin 
agars developed three forms of "fructifications": 
conidia, thin-walled globose to subglobose ascos
pores in cleistothecia, and synnemata. The colonies 
were white at first, later becoming grayish-black 
with the conidia being borne on loose-branched 
hyphae. Pier Antonio Saccardo had classified a 
similar fungus, identified in 1893 by M.J. Constan
tin, under the generic name Allescheria. Shear (1922) 
named this fungus Allescheria boydii in honor of 
Boyd. The treatment of the era for mycetomas was 
solely surgical; both local and systemic therapy were 
not effective. Surgical treatment involved either 
removal of small areas of tissue or amputation of 
the extremity, the latter being considered the "best 
course" (Boyd and Crutchfield, 1921 ). P. boydii was 
the first fungal pathogen known to reproduce sexu
ally. 

Cryptococcosis 

In 1923, Walter Freeman and Fred Weidman at the 
University of Pennsylvania reported a case of "cystic 
infiltration" ofthe brain caused by a "blastomycete" 
that they identified as Cryptococcus neoformans (as 
Torula histolytica). The name T. histolytica had been 
given by J.L. Stoddard and E. C. Cutler in 1916 (New 
York, NY, Rockefeller Institute of Medical 
Research) to a yeast they had found in infected 
tissues of two American patients. A similar infection 
had been reported in three European patients as a 
"true Torula infection" (cryptococcal meningitis). 
However, Freeman and Weidman (1923) dismissed 
Stoddard and Cutler's two cases as unacceptable T. 
histolytica infections, recognizing only the three 
European cases and the yeast recovered by Langdon 
Frothingham (1902) from the lungs of a horse. 
Because Stoddard and Cutler had not cultured their 
patient's yeast, Freeman and Weidman (1923) con
ducted an extensive study of their own case. This 
may be considered the first well-documented case 
report of this disease in the United States. The 
patient, aged 39, was admitted to the hospital with 
symptoms of severe paroxysmal headaches of one 
month duration, vomiting, poor vision, rigidity of 
the neck, and difficulty in writing and talking. He 
had had a prior diagnosis of Hodgkin's disease in 
1916. The patient worsened during the following two 

months and then died. Yeast cells were easily seen in 
the cerebro-spinal fluid (CSF), and their capsules 
were demonstrated by making an "emulsion of 
yeasts" in India ink, a rapid diagnostic test that is 
still in use. The yeast was grown on blood agar and 
Loeffer's blood serum at 37°C at room temperature 
and was described as being spherical with double 
contoured walls and variable in size. Stained tissue 
sections showed edema, fibrous hyperplasia, and 
cellular infiltrates with plasma cells and lympho
cytes, but without PMNs. The yeasts were found 
both intra- and extracellularly; only a few of the cells 
were budding. The "outstanding abnormality was 
the presence of numerous cysts that varied markedly 
in size" (Freeman and Weidman, 1923, p. 594). 
Although physiologic studies were performed, no 
conclusive results were reported. 

By 1926, the pathologist B.Z. Rappaport and the 
bacteriologist Bertha Kaplan reviewed l3 reported 
cases of cryptococcosis (2 German and 11 American 
patients) and concluded that cryptococcal meningi
tis was acquired through the respiratory system by 
inhalation of C. neoformans, which disseminated 
from the lungs to other organs. These authors found 
two significant clinical features in their patients, the 
presence of skin lesions that were different from 
those caused by B. dermatitidis and a greater degree 
of dissemination than previously thought. They also 
noted that although iodides, tartar emetic solution, 
and intraspinal injections of immunized rabbit 
serum and colloidal silver were used as therapy, the 
infection was always fatal. Rappaport and Kaplan 
(1926) were the first to serologically test the serum 
and CSF from a patient with cryptococcosis as well 
as sera from immunized rabbits and guinea pigs by 
complement fixation (CF) and agglutination tests. 

Histoplasmosis capsulati 

In 1926, William Riley and Cecil Watson (University 
of Minnesota) reported the fourth case of histoplas
mosis capsulati and the first in the United States. 
Samuel Darling had described the first three cases 
between 1905 and 1906 in Panama at the Ancon 
Hospital that represented three cases out of 33 000 
admissions (Darling, 1906; Riley and Watson, 
1926). Riley and Watson (1926) had the opportunity 
to study their patient antemortem: a German 
woman who had lived in the United States for 42 
years, having had a cough for more than 28 years 
and who died four weeks after admission. She had 



developed an acute respiratory condition with severe 
dyspnea and cyanosis and had similar clinical symp
toms and postmortem findings as found in Darling's 
patients (1906). Using the Giemsa stain, Riley and 
Watson (1926) recognized that the microorganism 
that they saw did not have the characteristic features 
of the Leishmania species; however, as Darling 
(1906) had concluded before them, they thought the 
microorganism was encapsulated. Therefore, they 
erroneously concluded that histoplasmosis was 
caused by two related species of Cryptococcus (as 
Grubyella), one causing systemic infections and the 
other superficial infections (Riley and Watson, 
1926). Histoplasmosis was recognized as a fungal 
disease, but because cultures had not been obtained, 
the real identity of the etiologic agent of this disease 
remained unknown. 

Skin test development 

Edwin Hirsch and Harriet Benson (1927) were the 
first to successfully obtain skin test reactions in 
patients suffering from coccidioidomycosis. They 
used heat-stable (80°C), soluble filtrate antigens 
from 14-day-old peptone broth cultures of C. immi
tis. The skin reactions resembled those seen with 
tuberculin, and the immediate skin reaction was 
similar to the "wheal" produced by specific pollen 
extracts used in patients with hay-fever. Prior 
attempts at skin testing by Jean V. Cooke (1915) 
and others on animals or on patients had given 
conflicting results because the hypersensitivity reac
tions were not specific for C. immitis. The report by 
Hirsch and Benson (1927) may be considered the 
forerunner of the more intensive studies of skin 
testing performed during the 1940s. 

Sporotrichosis 

The dermatologist Harry Foerster (1926) reported 
18 cases of sporotrichosis during a five year period. 
Since most of his patients worked at plant nurseries, 
and the disease was acquired in at least 10 of the 18 
patients following trauma from barberry thorns, he 
concluded that sporotrichosis was an occupational 
hazard among individuals engaged in farming and 
horticulture. From that time on, American courts of 
law began to award compensation for the cost of 
medical care for this disease as an employment
connected disability (Ainsworth, 1986). 
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First research and training center 

The first medical mycology laboratory in the United 
States (Columbia-Presbyterian Medical Center, 
New York) was established in 1926 by Professor J. 
Gardner Hopkins, a dermatologist and Zinsser
trained microbiologist. By 1950 over 4000 clinical 
specimens were being processed annually (37% 
positive) at this laboratory (Benham, 1950b). While 
bacteriological laboratories were abundant around 
the country, there were no laboratories devoted to 
the etiologic diagnosis of fungal infections. Until 
then, most medical mycologic studies had been 
conducted by physicians and bacteriologists in bac
teriology laboratories. Hopkins began carrying out 
his own culture work from skin lesions while Ber
nard 0. Dodge, a professor of Botany at Columbia 
University in New York, NY, helped him with fungal 
identifications. Because they became aware of the 
prevalence of fungal infections, they recognized the 
need to have a full-time mycologist. Robert Harper, 
a Professor of Botany at Columbia University and 
Chester Emmons' major professor, recommended 
Rhoda Benham as Hopkins' full-time assistant. 
Benham stated in 1950, that although "it was the 
first time I had ever heard that fungi caused human 
disease, I landed the job" (p. 1). In 1926, Benham 
was conducting research for her doctoral degree 
under the supervision of the classical mycologist H. 
Richards ("Training Trees", Appendix B) (Silva and 
Hazen, 1957). The Rockefeller foundation awarded 
a five-year grant ($50 000) for the support of 
research in medical mycology to Columbia Univer
sity on March 11, 1929 (Rockefeller Foundation, 
1929). This represented the first grant awarded for 
research and training in medical mycology. 

Overview: 1930 to 1939 

By the beginning of the 1930s, there was no clear 
distinction among the three important systemic 
fungal diseases: blastomycosis, coccidioidomycosis, 
and cryptococcosis. Also, an inadequate classifica
tion system was being used to identify C. albicans 
from other yeasts. In addition, the dermatophytes 
were classified according to Sabouraud's system, 
which was primarily based on the clinical presenta
tion of the infection. Rhoda Benham and Chester 
Emmons at the Medical Mycology Laboratory, 
Columbia University provided a more logical classi-
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fication system for the identification of these fungi. 
By the end of the 1930s, the incidence of fungal 
diseases involving the central nervous system and 
the prevalence of coccidioidomycosis as a mild 
disease in the San Joaquin Valley had been reported. 
The first report of a Fonsecaea pedrosoi infection in 
the United States, the isolation of C. immitis from 
the soil, and the establishment of H. capsulatum var. 
capsulatum as a dimorphic fungus appeared in the 
literature between 1932 and 1936. 

In 1935, Norman F. Conant was invited to join the 
staff at Duke University (formerly Trinity College 
untill930) where the third case of chromoblastomy
cosis caused by F. pedrosoiwas waiting for him, as he 
stated in 1969 (Conant, 1969). Another important 
contribution to the development of medical mycol
ogy was the recognition by the Federal government 
of the need to establish a Mycology Section at the 
National Institutes of Health (NIH) in Bethesda, 
Maryland. This was accomplished with the appoint
ment of Chester W. Emmons as the senior mycolo
gist. By 1939, the first three medical mycology 
centers that had been established were located in 
the eastern region of the United States. 

1930 to 1939 

Taxonomy and classification 

The 1930s began with the publication of an excerpt 
of Benham's doctoral dissertation in 1931. This 
classical paper shed much light on the very confus
ing subject of yeast identification. The confusion at 
that time was due to the lack of a generally accepted 
classification system, as well as recognized criteria 
for the identification of yeast species that were 
pathogenic to humans. Most investigators had 
referred to these fungi as either simply blastomy
cetes, or by a number of different generic names. The 
"rudimentary" morphology of these fungal patho
gens and their varied appearance under different 
cultural conditions complicated matters. 

In order to end the confusion surrounding the 
species of Candida, Benham (1931) systematically 
investigated their morphologic characteristics, car
bohydrate fermentation reactions by using Dur
ham's peptone and tubes, pathogenicity, and agglu
tination reactions (absorbed serum). She selected 30 
yeast strains recovered from thrush (19 isolates), 
sputa, feces, and plants. For her morphological 

studies, Benham (1931) used corn meal agar and 
Dalmau's methodology of placing a cover slip 
"directly on the growth". Data from this procedure 
permitted her to conclude that the majority of the 
fermenting, yeast-like fungi, isolated from thrush 
lesions, were identical and belonged to the well 
defined species C. albicans (as Monilia albicans). 
The other species of yeasts that she studied had 
"definite morphological differences", which Benham 
depicted clearly in her excellent drawings. The 19 
strains identified by her as C. albicans were patho
genic for rabbits and some of these strains had 
"similar antigenic content as determined by recipro
cal absorption of agglutinins" (Benham, 1931, p. 
215). Agglutination reactions, using absorbed sera 
and performed in conjunction with several other 
tests, seemed to be her most useful identification 
criteria. Even today, the Dalmau technique is a good 
identification tool for Candida spp. Six years after 
Benham's (1931) first paper, a survey of the "myco
logic flora of 1000 adults' normal mouths and 
throats" was undertaken as a means of determining 
the role of pathogenic yeasts in thrush infections. It 
was found that C. albicans was present in 7% of 
"normal" individuals and that 22.5% of their sera 
had agglutinins against this yeast (Todd, 1937). 

Benham's paper concerning the classification of 
C. albicans was followed by two important contribu
tions in 1934 and 1935. In 1934, she studied three 
different mycotic infections, blastomycosis, cocci
dioidomycosis, and cryptococcosis, which question
ably had been called yeast infections. Benham 
(1934) definitely stated that each infection was a 
distinct disease that could be diagnosed by the 
characteristic morphology of their etiologic agents 
in tissue and culture. In 1935, Benham studied more 
than 40 isolates of the genus Cryptococcus, which 
included the original cultures from Otto Busse, A. 
Buschke, and F. Curtis, as well as strains recovered 
from the skin and intestinal tract of either normal 
individuals or patients suffering digestive diseases 
(Benham, 1935). She concluded that the species of 
the genus Cryptococcus may be divided into four 
groups based on cultural and serological character
istics as well as animal pathogenicity. However, her 
most significant conclusion was that all of the 
pathogenic isolates belonged to only one species, C. 
neoformans (as Cryptococcus hominis) (Benham, 
1935). 

Benham's studies were not confined to these 
genera. She became interested in the nutrition of 



fungi when she discovered that Malasseziafurfur (as 
Pityrosporum ova/e) required oleic acid to grow in 
vitro. Benham (1939) later studied the vitamin 
nutritional requirements of M furfur, thus introdu
cing the study of fungal nutrition, a field in which 
several other investigators became interested at that 
time. Benham's publications on the nutrition of 
dermatophytes, many of them in collaboration with 
her students Lucille K. Georg and Margarita Silva
Hutner, enlarged the knowledge of medical mycol
ogy in this country (M. Silva-Hutner, personal 
communication, November 20, 1993). Silva-Hutner 
was her eventual successor. In 1969, in recognition 
of her achievements, the Medical Mycological 
Society of the Americas (MMSA, founded in 1966) 
established the Rhoda Benham Award to be pre
sented at the Society's annual meetings to indivi
duals who had contributed significantly to the devel
opment of medical mycology. The choice of Benham 
as the award's name bearer was based on her 
pioneering role in the development of medical 
mycology throughout the Americas (Ajello, 1969). 

In 1929, Chester W. Emmons was offered a 
position as Associate in Mycology by Professor J. 
Gardner Hopkins at Columbia University. Emmons 
had little training with human pathogens, but he 
took the opportunity to expand his knowledge of 
fungal pathogens while he managed the Department 
of Dermatology's culture collection. At that time, 
the collection consisted mainly of dermatophytes, a 
few yeasts, and isolates of S. schenckii. He collected 
other dermatophyte isolates from patients' skin, 
hair, and nails at the Vanderbilt Clinic, and even
tually used these isolates for his classical taxonomic 
study of the dermatophytes. The result of these two 
"extracurricular" experiences was exhibited in 1932 
at the American Medical Association's annual meet
ing on Pleomorphism and Variations in the Dermato
phytes (Campbell, 1983). More importantly, his 
scholarly review of the literature led him (1934) to 
realize that there was a "well recognized need in 
medical mycology for a more logical and usable 
classification of the dermatophytes according to the 
botanical rules of nomenclature" (p. 337). Emmons 
(1934) followed the development of "conidiophores 
and conidia" (as spores) by using Henrici's modified 
slide culture in which agar was run under a cover slip 
fastened to a slide; he substituted sterile shavings of 
cows' horns for the agar. Based on morphological 
characteristics, Emmons (1934) proposed retention 
of the generic names Trichophyton, Microsporum, 
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and Epidermophyton and declared that the genera 
Achorion and Endodermophyton were unnecessary. 
Emmons (1934) believed that "such a natural myco
logical classification follows in a general way 
Sabouraud's clinical classification and that the 
inconsistencies of the latter classification can be 
avoided" (p. 362). His proposed classification sys
tem remains in use today. In February 15, 1936, the 
arrival of Emmons at the NIH began his successful 
career there. The establishment of the Clinical 
Mycology Service at the NIH not only provided 
financial support but, most importantly, increased 
the visibility of the discipline and directed scientific 
progress. 

Coccidioidomycosis 

A briefreport appeared in the literature in 1932 that 
described the first isolation of C. immitis from 
"earth" collected around the sleeping quarters at a 
ranch near Delano, Kern County, California. The 
"fungus spores" were set free from the soil using a 
column ofbrine (Stewart and Meyer, 1932). Between 
1937 and 1938 three papers were published by 
individuals at Stanford University, Stanford, Cali
fornia (Dickson, 1937a,b; Dickson and Gifford 
1938). Significant information was provided from 
these publications concerning C. immitis, because 
the authors had the fortunate opportunity of study
ing five patients infected with C. immitis exhibiting 
the primary infection known as "valley fever" (of 
unknown etiology then). "Valley fever" was charac
terized by colds or bronchopneumonia, high tem
perature, painful erythema nodosum or skin lesions. 
One of the five patients was a medical student, who 
had acquired the infection in the laboratory when he 
inadvertently opened a "petri dish culture" of C. 
immitis that was several months old and dried. Later 
he stated that he had observed "a light-brownish 
cloud arising from the dish, a cloud of chlamydos
pores" (Dickson, 1937a, p. 151). The other patients 
had acquired the infection on their jobs in Califor
nia's San Joaquin Valley, where they had been 
exposed to a great deal of dust. Although some of 
these patients at first were diagnosed as having 
pulmonary tuberculosis by X-ray, the coccidioido
mycosis diagnosis was established by the demon
stration of the typical spherules in sputa, with 
subsequent culture confirmation (Dickson, 1937b). 

It became evident then that the first manifesta
tions of the fungal disease caused by C. immitis were 
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either an acute "cold", bronchopneumonia, 
erythema nodosum, or all three. It was also con
firmed that inhalation of the arthroconidia (as 
chlamydospores) was followed by a primary infec
tion and in some cases secondary progressive dis
ease (Dickson, 1937b; Dickson and Gifford, 1938). 
Ernest Dickson and Myrnie Gifford (1938) sug
gested that descriptions of coccidioidomycosis 
should include the different clinical manifestations 
of this disease. The fact that "valley fever" was 
actually one of the manifestations of coccidioidomy
cosis, demonstrated that this fungal disease was not 
rare. 

Meningeal infections 

The prevalence of meningeal infections caused by 
several fungal pathogens was reported in New York, 
NY and Washington, DC by Walter Freeman (1933) 
and Lawrence W. Smith and Machteld Sano (1933). 
Freeman (1933) studied tissue sections from 13 cases 
of C. neoformans meningitis and one case each of 
CNS infections caused by Aspergillus spp., B. derma
titidis, C. immitis, H. capsulatum, and S. schenckii. 
He concluded that these were chronic meningeal 
infections without invasion of other organs and that 
the finding of the fungus in the spinal fluid (CSF) 
established the diagnosis. At the same time, Smith 
and Sano (1933) reported what they considered to be 
the first case of C. albicans meningitis. The patient 
had a rapidly spreading oral infection with invasion 
of blood vessels, development of fungemia followed 
by localization of the infection in the meninges. This 
patient was a 22-month-old infant who had died 
nine days after admission at the Willard Parker 
Hospital. The yeast was recovered from the CSF 
and the lesions in his mouth. Benham from Colum
bia University's College of Physicians and Surgeons 
helped with the mycological studies and she identi
fied the yeast as C. albicans (as M. albicans). 

Histoplasmosis capsulati 

Three significant publications regarding the capsu
latum variety of H. capsulatum appeared in the 
literature in 1934 from the Vanderbilt University 
School of Medicine, Nashville, Tennessee (Dodd 
and Tompkins; DeMonbreun) and Georgetown 
University, Washington, DC (Hansmann and Schen
ken). Katharine Dodd and Edna Tompkins (1934) 
described the third case of histoplasmosis capsulati 

in the United States (the sixth in the world). This was 
the first report describing this fungal disease in an 
infant, a six-month-old white male, as well as the 
first case diagnosed antemortem. The clinical and 
pathological findings, and the "morphology" of the 
fungus within the large mononuclear cells of the 
blood were similar to the cases that had been 
reported by Samuel Darling (1906) and William 
Riley and Cecil Watson (1926). The studies of the 
fungus were performed by William A. DeMonbreun 
(1934), who cultured material from the child on 
various media, was surprised when a mould was 
recovered, because only yeast cells were present in 
tissue. However, his further studies demonstrated 
that the yeast form "grew well in serum and blood 
agar cultures incubated between 34 to 37°C and the 
mould form in duplicate cultures incubated at 
ambient temperature (25 to 28°q" (p. 101). The 
dimorphic nature of H. capsulatum was thus estab
lished. DeMonbreun (1934) also provided excellent 
descriptions and photographs of the diagnostic 
macroconidia of H. capsulatum. Macroconidia were 
described as spherical or pear shaped cells, 10 to 15 
Jliil in diameter, that were attached to the end of the 
short hypha! branches. The thick, highly refractive 
cell walls of the macroconidia had 11 to 6 11m 
rounded projections, a crenated appearance, and 
resembled "Teutonic war clubs" (DeMonbreun, 
1934). He referred to these "aerial spores as tubercu
lated spores". 

G.H. Hansmann and John R. Schencken (1934) 
reported a case of a chronic infection caused by "a 
yeast-like organism in tissue" which they erro
neously thought belonged to the genus Sepedonium. 
The culture had been studied by Chester Emmons 
while he was at Columbia and he identified it as a 
Sepedonium sp. based on the presence of the "large, 
spiculated, thick-walled, tuberculated chlamydos
pores" characteristic of that genus. Although they 
saw similar H. capsulatum "organisms" to those 
described by Darling (1906), Hansmann and Schen
ken (1934) did not believe that this was a case of 
histoplasmosis because there was no involvement of 
the spleen in their patient and their isolate was a 
mould. Emmons stated during his lecture at the 
annual MMSA meeting in 1968, "since the hypha! 
form of H. capsulatum was unknown to me at the 
time, I made the mycological reasonable identifica
tion of Sepedonium, it was fortunate that DeMon
breun was able to establish the dimorphism of H. 
capsulatum" (Emmons, 1968). 



In Williamson County, Tennessee, R.S. Gass et al. 
(1938) observed by X-rays the remarkable preva
lence of tuberculosis lesions in 24.7% of 1291 
individuals, aged 6 to 19 years, who had negative 
tuberculin reactions. Their conclusion was that the 
level of tuberculosis was higher than the one actually 
detected by the tuberculin test. Later, Amos Christie 
and J.C. Peterson (1945) and Carroll Palmer (1945) 
found that these cases were caused by Hcapsulatum 
var. capsulatum, an endemic fungus in that area of 
the country, and not by M. tuberculosis. 

Chromoblastomycosis 

In 1936, the first case of a Fonsecaea pedrosoi (as 
Hormodendrum pedrosoz) infection in the United 
States was reported by Donald S. Martin, Roger D. 
Baker, and Norman Francis Conant of Duke Uni
versity in Durham, North Carolina. This case of 
chromoblastomycosis (as dermatitis verrucosa, a 
name coined earlier by Brazilian investigators) had 
began four years earlier on the left hand and fingers 
of the patient as a series of pruritic vesicles and 
pustules, which progressed to elevated, scaling, 
verrucous nodules with itching and burning and 
with such a tremendous amount of swelling that the 
patient's arm was supported by a sling. Their exam
ination of the slide cultures demonstrated three 
types of conidiogenous cell formation: "a Hormoden
drum type (known now as Clasdosporium-like) in 
which 3 to 6 J.llTI in length and 1.5 to 3 J.llTI in width 
conidia (as spores) were borne at the apex of the 
conidiophore as branching chains; an acrotheca-like 
(known now as a sympodial form) conidial head in 
which the conidia appeared as tooth-like processes 
on the apical portion of the terminal cell of some of 
the conidiophores; and a Phialophora type in which 
the conidia were formed in flask-shaped conidio
phores" (Martin, Baker, and Conant, 1936, p. 600). 
The authors gave credit to Arturo Carrion and 
Chester Emmons from the University of Puerto 
Rico, who had provided them with their unpublished 
manuscript describing the presence of the Phialo
phora type of conidiogenous cells in cultures of 
Fonsecaea (as Hormodendrum). This document 
facilitated the morphological studies performed at 
Duke University. Also, it was reported from Duke 
University (Swartz and Conant, 1936) that the 
treatment of skin scrapings with 5% KOH, followed 
by washing with water and staining with a lactophe
nol-cotton blue preparation facilitated the detection 
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of fungi in clinical materials, thus avoiding the 
various confusing artifacts found when using only 
KOH. Lactophenol-cotton blue is one of the stains 
used in clinical laboratories for staining culture 
preparations. 

Fungal endotoxins 

In 1939, Arthur Henrici at the University of Minne
sota, Department of Bacteriology, reported for the 
first time that Aspergillus fumigatus produced two 
endotoxins: a hemolytic toxin and a potent pyro
genic toxin. The importance of Henrici's discovery 
was recognized later during the well known "turkey" 
epidemic in England in the early 1960s. The turkeys, 
swine, poultry, and cattle affected with the severe 
systemic disease had consumed foodstuffs that con
tained aflatoxin, a metabolite produced by Aspergil
lusflavus. 

Overview: 1940 to 1949 

As a consequence ofWorld War II, many new aspects 
of coccidioidomycosis and histoplasmosis capsulati 
were discovered. Investigations by the physician, 
Charles E. Smith, led to studies on the epidemiology 
of coccidioidomycosis, and later histoplasmosis cap
sulati. These findings led Emmons to become 
involved in fungal ecological studies that resulted in 
his isolation of H capsulatum var. capsulatum from 
soil in Virginia. As Norman Goodman stated in 1994, 
"the development of skin testing gave us the ability to 
differentiate between infection and disease and con
duct epidemiologic studies, and opened the doors for 
the development of better data on the natural history 
of the systemic mycoses". Understanding the epide
miology of fungal infections removed much of the 
mystery from these opportunistic diseases as leading 
individuals came together and investigated the full 
range of cause and effect. 

Reports of cases of Candida spp. endocarditis and 
meningitis, P. boydii meningitis, and rhinocerebral 
zygomycosis began to appear in the literature 
between 1940 and 1948. The identification of fungi 
was advanced by the development of G. Gomori's 
stain for tissue sections, by Roger D. Baker's obser
vations that different types of tissue reactions could 
be observed in the mycoses, and by the development 
of carbohydrate assimilation tests for yeast identifi
cation. 
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Charles E. Smith, was recruited in 1934 by Ernest 
Dickson, a professor of Public Health in the Stan
ford School of Medicine to work on C. immitis. From 
Stanford, Smith moved to the University of Califor
nia School of Public Health at Berkeley, where he 
founded another center for medical mycologic 
research and training ("Training Trees", Appendix 
F). Between 1940 and 1945, the Armed Forces found 
it necessary to maintain a mycology laboratory at 
the Walter Reed Army Medical Center in Washing
ton. In this laboratory, Charlotte Campbell, Samuel 
Saslaw, and G. Hill performed thousands of serolo
gic tests for the diagnosis of blastomycosis, cocci
dioidomycosis, and histoplasmosis capsulati. A. 
Wadsworth, Director of the New York State 
Laboratory in Albany, appointed Elizabeth Hazen 
in 1944 as the first diagnostic and research mycolo
gist for this organization (Bacon, 1976). The 
increase of fungal diseases during World War II had 
stimulated the creation of this position (Gordon, 
1993). Because Hazen was working in Benham's 
laboratory in New York at the time, samples for 
fungal examination were sent from Albany, where 
the State laboratory was located (Gordon, 1993). 
Hazen had joined the State Laboratory as a bacter
iologist in 1931, and received her training in medical 
mycology at Benham's laboratory ("Training Trees", 
Appendix B). Following the epidemiologic studies 
with H. capsulatum var. capsulatum, the federal 
government established the Kansas City Field Sta
tion as part of the Atlanta, Georgia's Center for 
Disease Control (CDC) to study non-tuberculosis 
calcified pulmonary disease in the Mississippi-Ohio 
River Valley area. Under the direction of the physi
cian, Michael Furcolow, between 1945 and 1964 this 
center became the source of "most knowledge about 
histoplasmosis capsulati and, as a result, other 
groups became involved with the study of fungus 
infections" (Conant, 1969; Furcolow, undated). 

In 1946, the CDC hired Libero Ajello and sent 
him first to Duke University to start the CDC's 
Medical Mycology Unit there with Norman Conant. 
But two months after Ajello's arrival at Duke, the 
United States Public Health Service decided that the 
CDC Medical Mycology Unit should be in Atlanta. 
Ajello developed an excellent team of mycologists at 
the CDC that worked on all aspects of medical 
mycology: laboratory diagnosis, training, and 
research (W. Kaplan, personal communication, Jan
uary 6, 1994). The Medical Mycology Unit that 
Ajello established at the CDC later became the 

Division of Mycotic Diseases. This mycologic diag
nostic and applied research laboratory served the 
nation's needs, and soon Ajello's group began to 
present short training courses for medical technolo
gists and physicians, and established a serology 
program (Chezzi, 1992; L. Ajello, personal commu
nication, January 4, 1994). 

In 1945, Howard Larsh began his graduate pro
gram at the University of Oklahoma at Norman and 
in 1947, the physician, John Utz, initiated his clinical 
studies and training program at the NIH. By the end 
of 1949, medical mycologic research and training 
were also being conducted at two other centers: 
Michigan State University by Everett Beneke and 
the University of Cincinnati by Jan Schwarz and 
Gerry Baum (Espinel-Ingroff, 1994, 1996). 

According to the Annals of The New York 
Academy of Medicine (1950), the first medical 
mycology conference in the United States was held 
by the Biology Section of the New York Academy of 
Medicine from October 31 to November 1, 1947 in 
New York City. The monograph entitled, Medical 
Mycology, which contained the series of papers 
presented at this scientific meeting, was published in 
1950 in The Annals of the New York Academy of 
Sciences. 

1940 to 1949 

Epidemiology and ecology 

Charles E. Smith, while at Stanford University, 
reported in 1940 the first cooperative field and 
laboratory study of San Joaquin fever ("valley 
fever") in Kern and Tulare counties, California, 
where this infection was endemic. During a 17 
month period (December 7, 1937 to May 12, 1939), 
432 patients, who recovered without sequelae, were 
enrolled in the study. In addition to the clinical 
picture and the presence of erythema nodosum or 
erythema multiforme, a positive coccidioidin (fil
trate of liquid cultures developed at Stanford in 
1939) skin test also served as a criterion for enrolling 
patients in this study. The sensitivity to coccidioidin 
became evident two to seventeen days after the onset 
of symptoms. Many facts were learned and the 
methodology involved in the preparation of cocci
diodin was published in 1948 by Smith and coin
vestigators. 



The seasonal incidence of coccidioidomycosis 
corresponded to the climate, with the peak in the 
dusty fall and an ebb in the wet winter; benign "valley 
fever" was more common among white females and 
severe granuloma among "dark-skinned" males; 
eventually, most individuals in the region experi
enced the infection - an estimated 8000 to 10 000 
infections in the two counties, but only 5% of them 
developed erythema nodosum (Smith, 1940). This 
study made a significant contribution to the develop
ment of medical mycology, because it expanded and 
confirmed the results obtained by Dickson and 
Gifford between 1937 and 1938 concerning the sig
nificant prevalence of benign coccidioidomycosis in 
the western regions of the United States. 

During World War II, medical mycology became 
important to the military, because thousands of non
immune troops were sent to receive training in the 
arid areas of California and Arizona, where C. 
immitis was highly prevalent and many trainees 
adquired coccidiodomycosis. Charles E. Smith 
became a civilian consultant to the Secretary of 
War to study and to assist with the control of 
coccidioidomycosis in the Armed Forces. Smith, 
Rodney Beard, H.G. Rosenberger, and E.G. Whi
ting's investigations for the Armed Forces were 
published in 1946, which included medical care, skin 
testing, serological tests, and laboratory identifica
tion. Detailed epidemiological investigations were 
carried out at four army field camps in the San 
Joaquin Valley from July 1941 until February 1946. 
The results of these studies emphasized the impor
tance of dust control by "grassing, paving roads and 
airfield runways, and ultimately the use of highly 
refined oil on athletic areas" (Smith et a!., 1946, p. 
838). Smith also demonstrated that coccidioidin 
reactors had acquired immunity to the disease. 

During the summer of 1941, C. immitis was 
isolated from 5 of 150 soil samples collected in the 
desert and from 25 of 105 rodents trapped near the 
village of San Carlos, Arizona (Emmons, 1942). The 
demonstration that a high percentage of Indian 
school children in this area were sensitive to cocci
dioidin and had demonstrable pulmonary nodes 
(Aronson, Saylor, and Parr, 1942) prompted 
Emmons' ecological studies. These two studies con
firmed previous findings made during the 1930s that 
failure to react with tuberculin in patients having 
calcified nodes (as nodules) may be due to a fungus 
and that C. immitis was recovered from the soil in 
endemic areas. 
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Also in 1941, the first intradermal injections of H 
capsulatum var. capsulatum soluble filtrate antigens 
(histoplasmin) were given to a patient and experi
mentally infected animals by Paul Van Pernis, Mir
iam Benson, and Paul Holinger. The antigen pro
duced specific, immediate and delayed, cutaneous 
reactions which led to Amos Christie and J.C. 
Peterson's (1945) and Carroll Palmer's (1945) epide
miologic studies. Palmer, an officer of the U.S. 
Public Health Service, had been studying the geo
graphical variation in the prevalence of pulmonary 
calcification and tuberculin non-reactivity. Christie, 
who had gained experience in California with the 
benign form of coccodioidomycosis, informed Pal
mer that such non-reactors were histoplasmin-posi
tive. 

Although Emmons was not a co-author of Pal
mer's (1945) publication, Emmons prepared the 
histoplasmin for Palmer by growing two strains of 
the capsulatum variety of H capsulatum in the 
medium that was used by Smith (1940) to grow C. 
immitis for producing coccidioidin. Palmer (1945) 
tested histoplasmin and tuberculin in approximately 
3000 student nurses living in Detroit, Michigan, 
Kansas City (Missouri and Kansas), Minneapolis, 
Minnesota and Philadelphia, Pennsylvania. Based 
on their skin test reactions and chest X-rays, Palmer 
stated in 1945: "mild, probably subclinical infection 
with H capsulatum is widely prevalent in certain 
states, relatively infrequent in others and the inci
dence of H capsulatum infection corresponds with 
the presence of pulmonary calcification in most 
tuberculin negative individuals" (Palmer, 1945, p. 
519). Palmer confirmed Christie and Peterson's 
(1945) results, who had examined 181 histoplasmin 
skin test reactions and X-ray films in children at 
Vanderbilt University (Nashville, Tennessee). 
Although at the time, neither of these authors 
arrived at a definite conclusion, their studies pro
vided evidence of the high prevalence of benign 
histoplasmosis in certain areas ofthe United States. 
These discoveries also led to the ecological studies by 
Emmons (1949), who was able to isolate H capsula
tum var. capsulatum from 2 of 387 soil samples 
collected between December 18, 1946 and Decem
ber 18, 1948 from farms in Loudoun County, 
Virginia. Emmons previously had found that dogs 
and other animals trapped in the area had histoplas
mosis capsulati. Two fatal histoplasmosis cases in 
human siblings had been diagnosed in Loudoun 
County. 
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Systemic candidiasis 

Harry Joachim and Silik Polayes reported the first 
case of candida) endocarditis in 1940 from New 
York City (Cumberland Hospital). The patient was 
a 48-year-old white male, who had been addicted to 
morphine and heroin for twenty years. He had given 
himself intravenous injections without aseptic or 
antiseptic precautions for eighteen months. Joachim 
and Polayes (1940) stated that "the aortic vegeta
tions had a layer of fibrin and exudate covering 
massive colonies of Monilia" (p. 207). Although this 
case was attributed to a species of Candida (as 
Monilia), the identity of the yeast was not given. 
Another case of candida) endocarditis and meningi
tis was reported in 1946 following massive treat
ments (four weeks each) with penicillin for two 
episodes of bacterial endocarditis (Geiger, Wenner, 
Axilrod, and Durlacher, 1946). The brain sections 
showed an intense inflammatory reaction in the 
meninges with many mononuclear cells and a few 
yeast cells. The yeast was identified as C. albicans (as 
M. albicans) by Emmons at the NIH. These were the 
first reports of severe opportunistic fungal diseases 
as a sequel to broad-spectrum antibiotic therapies, 
as well as the association of C. albicans with intrave
nous drug use. 

Zygomycosis 

Strikingly similar cases of rhinocerebral zygomyco
sis (as mucormycosis of the meninges and brain) 
were diagnosed in three patients with severe diabetes 
mellitus at the Johns Hopkins School of Medicine by 
John Gregory, Alfred Golden, and Webb Haymaker 
(1943). Upon admission the patients were unable to 
talk and developed increasing drowsiness that pro
gressed to a coma. In the next few hours, their faces 
became edematous, particularly about the eyes, until 
the whole face was involved, with the patients then 
dying during the first to the fifth hospital day. 
Cultures were not obtained. Tissue sections from 
these cases were sent to Emmons at the NIH, who 
stated, "the large diameter of the hyphae, the man
ner of branching, and the coenocytic structure are 
characteristics of the Mucoracea, probably a Mucor 
sp." (Gregory et al., 1943, p. 411). Rhinocerebral 
zygomycosis became associated with acidotic dia
betes following this well documented report in 1943. 
The first well documented case of rhinocerebral 
zygomycosis had been described in 1885 from Ger-

many by A. Paltauf. H. Bauer, Libero Ajello, E. 
Adams, and D.U. Hernandez (1955) were the first 
to isolate and describe the prime etiologic agent of 
rhinocerebral zygomycosis, Rhizopus arrhizus (as R. 
oryzae). 

Eumycotic mycetomas 

In 1944, Chester Emmons demonstrated that the 
fungus Shear (1922) had described as Pseudal
lescheria boydii (as Allescheria boydii) and the fungus 
described from numerous cases of mycetoma out
side the United States, as Monosporium apiosper
mum, were in reality the same fungus. Pseudal
lescheria boydii "was the ascocarpic stage of M. 
apiospermum" (p. 192). The pathogenicity of P. 
boydii was found to be inherent in both the sexual 
and asexual forms by David Lupan and John Cazin 
(1973) while they were working at the University of 
Iowa. Rhoda Benham and Lucille Georg (1948) 
reported the first case of meningitis caused by P. 
boydii while J. Creitz and H.W. Harris described the 
presence of this fungal pathogen in a cavitary lung 
lesion in 1955. 

Emmons (1945) described the first case of myce
toma of the hand caused by the phaeoid fungus 
Exophiala jeanselmei (as Phialophora jeanselmei). 
This fungus had been originally described by the 
French mycologist, Maurice Langeron, as Torula 
jeanselmei. Because Emmons (1945) erroneously 
thought that it resembled other members of the 
genus Phialophora, he transferred it to Phialophora 
as a new species. 

Laboratory diagnostic methods 

In 1947, Charlotte Campbell reported that Francis' 
glucose-cystine blood agar, a bacteriologic medium, 
"luxuriantly supported growth of the yeast phase" of 
S. schenckii (Campbell, 1947, p. 263), and that a 
modified formulation of this medium also supported 
the growth of H capsulatum var. capsulatum's yeast 
form. This medium was then used in clinical micro
biology laboratories for conversion of this fungus 
from its mould form to its corresponding yeast form. 
This test permitted definitive identification of the 
etiologic agent of sporotrichosis. 

During the 1940s, several investigators concen
trated on determining the nutritional requirements 
for the growth and "spore" production of the derma
tophytes. William Robbins and Roberta Ma (1945) 



discovered that Trichophyton mentagrophytes 
required a combination of either amino acids or 
vitamins as a source of nitrogen. Later, Elizabeth 
Hazen (1947) from the New York State Health 
Department demonstrated that yeast extract, when 
added to honey agar, resulted in an increase in the 
production of the macroconidia by Microsporum 
audouinii. Lucille Georg (1949), while at Rhoda 
Benham's laboratory, studied several species of 
Trichophyton and their nutritional "deficiencies". 
These preliminary studies Jed to Georg's other 
significant discoveries in the next decade. She also 
provided the first description of the macroconidia of 
Trichophyton violaceum. 

Several scientific advances made between 1946 
and 1948 facilitated the diagnosis of fungal infec
tions in the laboratory. The first description of a 
stain for the microscopic observation of fungal cells 
in tissue was published by G. Gomori (1946), a 
pathologist from the University of Chicago. His 
histochemical test was based on the principle that 
fungal elements were stained black by a reduction of 
a silver solution on the cell wall of the fungus. In 
1955, this stain was modified by R.C. Grocott and 
later by Milton Huppert, D.J. Oliver, and S.H. Sun 
(1978) to further optimize the detection of fungi in 
tissue. Using other stains, Roger D. Baker (1947) 
made extensive observations of the tissue reactions 
of a series of fungal infections and attempted to 
catalog them based on the degree of suppuration, 
macrophages, giant cells, caseous necrosis, and 
fibrosis. He observed all these tissue reactions in the 
invasive mycoses, but did not find caseous necrosis 
in chromoblastomycosis nor inflammatory 
responses in mycotic superficial infections. His con
clusion was that "chronic suppuration with fibrosis 
was the most general tissue change in deep fungal 
infections. Neutrophils were usually the primary 
reacting cell but either macrophages or giant cells 
were also components of the host's primary tissue 
response" (Baker, 1947, p. 466). The observation of 
asteroid formation, an important tissue reaction to 
S. schenckii, was reported for the first time by Morris 
Moore and Lauren Ackerman (1946). 

In 1948, the usefulness of assimilation tests in the 
classification of yeasts was demonstrated by Lynferd 
Wickerham and Kermit Burton (1948). Wickerham 
had spent several years evaluating fermentation and 
nitrogen assimilation tests to improve the techniques 
used in the classification of yeasts. Wickerham and 
Burton (1948) employed a better basal medium than 

43 

others had done, and utilized more carbon com
pounds than evaluated by other investigators. The 
technique used was Beijerinck's modified procedure 
in which small amounts of the carbon compounds 
were placed on the inoculated agar. The test was 
based on the development of growth where the 
assimilable compounds were placed. These simple 
assimilation tests were modified and became an 
invaluable tool in clinical microbiology laboratories 
for many years, leading to the development of 
commercial kits based on this methodology during 
the 1970s. The tests avoided the complications of 
reversed fermentation reactions or transitory nitrate 
assimilation. 

Antifungal agents 

Reports on the antifungal activity of three different 
compounds: benzimidazole (Woolley, 1944), propa
midine (Elson, 1945), and cycloheximide (as acti
dione) (Leach, Ford, and Whiffen, 1947) appeared 
in the literature after 1944. Benzimidazole was the 
first reported imidazole to inhibit the growth of the 
saprophytic yeast Saccharomyces cerevisiae. Low 
concentrations of propamidine were found to be 
fungistatic against A. fumigatus, B. dermatitidis, and 
S. schenckii. Cycloheximide (as actidione) was the 
compound added to a mycologic medium, mycobio
tic agar or mycosel (Georg, Ajello, and Gordon, 
1951). Although propamidine was used only briefly 
as a therapeutic agent in humans, this drug was a 
forerunner of the intense search for active and safe 
antifungal agents during the ensuing years. 

Training and education contributions: 1920 to 1949 

Harvard University 

One of the important early contributors to medical 
mycology during "the formative years" was William 
H. Weston, who taught at Harvard University from 
1921 to 1956. Known as "Cap", he was a classical 
mycologist whose Jove for the study of fungi stimu
lated a new generation of scientists, a group of 
pioneers who would lead "an era of unprecedented 
development in experimental mycology in the Uni
ted States" (Sequeira, 1993, p. 43). He was trained by 
Roland Thaxter, the renowned mycologist who 
provided descriptions and superb illustrations of 
many different groups of fungi. He taught the young 
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Weston to heed the smallest details, a precept he 
would pass on to his students. 

But what attracted so many bright young students 
to "Cap's" classes was his teaching ability. His 
enjoyment of his work and infectious humor pro
vided what Sequeira (1993) calls, "an atmosphere 
where they (students) were allowed absolute free
dom to pursue their interests and to follow their best 
instincts as to the way to approach and solve 
scientific questions" (p. 47). Although Weston did 
not overly stress medically important fungi in his 
courses, an impressive line of medical mycologists 
emerged from his learning environment that 
included Norman Conant, Margarita Silva-Hutner, 
Ralph Emerson, Frederick Wolf, Charles M. Wil
son, Samuel B. Salvin, and Arden Howell ("Training 
Trees", Appendix B). These early leaders would, in 
turn, train many of the well-known medical mycol
ogists, who have made important contributions to 
the discipline up to our current time (C.M. Wilson, 
1979). 

Columbia University 

Recognition for the first formal medical mycology 
training program in the United States begins with J. 
Gardner Hopkins at Columbia University. In 1929, 
Hopkins utilized the Rockefeller Foundation grant 
to expand the Medical Mycology Laboratory into a 
teaching and research center (Rockefeller Founda
tion, 1929; Silva-Hutner, 1975). Thus, Hopkins and 
Benham had begun a 30-year partnership that would 
produce numerous significant advances in medical 
mycology and train many of the first generation of 
medical mycologists in the United States ("Training 
Trees", Appendix B). The laboratory soon became 
well known, attracting students from across the 
world: the first Ph.D. graduate was Lucille Georg. 
In the 1950s, Arturo Carrion came for training to 
Benham's laboratory. Although the elimination and 
redirection of federal funds terminated the formal 
training programs in the 1980s, the laboratory 
remained a strong research and diagnostic resource 
under the guidance of Irene Weitzman until her 
retirement in the 1990s. Traditionally, research cen
ters and laboratories have provided and continue to 
offer training opportunities in the biomedical 
sciences. Wilson (1972) stated that the training of 
microbiologists shifted from centers of research in 
Europe, which had advanced the training of Amer
ican scientists until the 1930s, to American research 

centers after World War II. Following the second 
war, there was unprecedented support of research by 
the federal government through NIH grants in the 
health sciences (Watson, 1969). 

Benham also is credited with starting the first 
accredited course in medical mycology in 1935. This 
three credit, 12 week course in the Medical School 
was taken by dermatology fellows and microbiology 
graduate students. Classes were given twice a week, 
including a one-hour lecture and two hours in the 
laboratory. A dedicated teacher, Benham was well 
organized and prepared for the course that covered 
all the medically important fungi known at that time. 
She was creative in the use of learning aids such as 
slide cultures, "lantern slides", histology sections, 
drawings, animal models of ringworm and crypto
coccal infections, and a card reference system orga
nized in her laboratory manual. The lectures were 
given by both Benham and Hopkins, the latter who 
was also a skilled lecturer and teacher (M. Silva
Hutner, personal communication, November 20, 
1993). Benham was an avid photographer, and 
frequently used this medium in her professional and 
personal life. She helped during the laboratory 
sessions, involved her technologists as teaching 
assistants, and required the students to do their own 
drawings of fungal structures. 

Benham and Hopkins worked together closely as 
a team until1948 when Benham had a heart attack, 
a setback that kept her from work for nearly a year. 
She was able to resume her work for several more 
years, but in 1955, her health failed again and she 
was unable to return to her laboratory. She contin
ued to write, completing several manuscripts until 
her death in 1957. 

University of California at Los Angeles 

The first undergraduate medical mycology course is 
believed to have been started in 1937 by Orda A. 
Plunkett atthe University of California, Los Angeles 
(Carlyn Halde, personal communication, December 
9, 1993). Plunkett was a botanist, who was very 
knowledgeable in fungal biology. His course devoted 
one semester to basic general mycology and one 
semester to medical mycology. In addition, he 
offered seminar courses on both subjects. The gen
eral mycology section covered the taxonomy of the 
ascomycetes and other fungi. The medical mycology 
section was given three days a week for six to eight 
hours. Learning aids for Plunkett's course included 



his extensive collection of tissue and culture slides, 
drawings, and cultures. A number of Plunkett's 
students belonged to the Microbiology Department, 
but conducted their thesis work in his laboratory for 
medical mycology (e.g., H. Jean Shadomy, Carlyn 
Hal de, Frank Swatek, etc.; "Training Trees", Appen
dix B). Plunkett gave much of his time as a mentor to 
his students, often at the expense of promotions and 
his own career. He did not publish research results 
until he had obtained data from a number of studies. 
Another strong training component of Plunkett's 
courses was that he allowed his students to help in 
teaching the laboratory sections, thereby enhancing 
their knowledge and presentation skills (J. Shadomy, 
January 17, 1994). 

Two other well-known contributors to medical 
mycology, who were colleagues of Plunkett, were 
John F. Kessel of the University of Southern Cali
fornia and J. Walter Wilson, a physician. Kessel 
spent a limited amount of time devoted to medical 
mycology, but is best known as an educator who 
gave guidance to other well known medical mycolo
gists that included Wilson and E.E. Evans. Wilson 
was a practicing dermatologist in Los Angeles, who 
frequently was invited to give medical mycology 
lectures to medical groups (Howard, 1985). 

The National Institutes of Health (NIH) 

A major contributor to medical mycology and 
general mycology was Chester W. Emmons, whose 
work influenced the training of numerous medical 
mycologists. Emmons had earned his M.S. in botany 
under George W. Martin, the noted mycologist and 
taxonomist at the University of Iowa, Iowa City in 
1927 (Kwon-Chung and Campbell, 1986; "Training 
Trees", Appendix B). Emmons moved to Columbia 
University where he received a Roberts Fellowship 
to pursue his Ph.D. with Robert Harper, a well 
known cytologist. Once again coincidence came into 
play. While working towards his Ph.D. in 1931, 
Emmons was fortunate to have collaborated with 
and trained alongside Benham at Columbia Uni
versity (M. Silva-Hutner, personal communication, 
November 20, 1993). As a talented, most thorough, 
and dedicated young scientist, Emmons earned the 
respect of Hopkins and Carroll Dodge. In 1929, with 
his new Rockefeller grant in hand, Hopkins hired 
Emmons as an associate in mycology under Benham 
(Campbell, 1983). 
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Jobs were scarce when Emmons received his 
Ph.D. in 1935, and Hopkins offered Emmons a 
position with Arturo L. Carrion at the School of 
Tropical Medicine in San Juan, Puerto Rico. There, 
Hopkins saw another opportunity for the young 
scholar to extend his work on fungal pathogens 
causing disease in humans and other animals. He 
was not disappointed, as several notable findings 
(see scientific contributions) were made and a long 
and productive association between Emmons and 
Carrion developed (C. Campbell, personal commu
nication, April 1, 1993; M. Silva-Hutner, personal 
communication, November 20, 1993). 

In 1936, the budget of President Franklin Delano 
Roosevelt authorized a medical mycologist at the 
new National Institutes of Health (NIH) in 
Washington, DC; NIH was moved to Bethesda, 
Maryland in 1939. With the full backing of Carroll 
Dodge and Hopkins, Emmons was chosen and 
became the first medical mycologist hired by the 
United States government, thus beginning a distin
guished career of 30 years. His numerous research 
accomplishments inevitably led to the demand for 
his teaching and training expertise. In addition to 
recruiting and holding capable, practical laboratory 
assistants, Emmons was a trainer and mentor for a 
number of well-known medical mycologists. 
Included in this group were Donald Louria, Ned 
Fedder, Vincent Andriole, John P. Utz, Herbert 
Hasenclever, H. Jean Shadomy, John E. Bennett, 
Kyung Joo Kwon-Chung, Arden Howell, Jr., 
Samuel B. Salvin, Leo Pine, and Dexter Howard 
("Training Trees", Appendix B). 

Beginning in 1942, Emmons taught second-year 
medical students at George Washington University, 
a post he enjoyed for 20 years as he imparted his 
knowledge and expertise to numerous health profes
sionals. Emmons was a quiet, methodical teacher 
and trainer; often, his contributions and insights 
were only recognized years later (Kwon-Chung and 
Campbell, 1986). When the Clinical Center opened 
at the NIH in 1953, Emmons taught medical mycol
ogy to all young physicians doing their postdoctoral 
fellowships at the NIH Clinical Center, especially 
those doing research in systemic mycoses. (J. Utz, 
personal communication, January 7, 1994). Appro
priately, he was the key figure most often cited in the 
questionnaire for his contributions to medical 
mycology ( 40 responses, Appendix A). Emmons 
believed his major contribution was showing how 
prevalent mycoses were and that their etiologic 
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agents could be found almost anywhere. He said this 
to Michael McGinnis shortly before his death (M. 
McGinnis, personal communication, July 22, 1993). 

Duke University 

Norman F. Conant was one of William Weston's 
students at Harvard University, earning his Ph.D. in 
1933. Conant described himself in 1931 as "just 
another graduate student under Weston, for there 
were few centers interested in medical mycology in 
the country at that time, and Harvard was not 
included in that list" (Conant, 1969). To support his 
family during the Great Depression (1929-1940), 
Conant accepted a Traveling Fellowship from Har
vard to study at the Institut Pasteur in Paris with the 
well known mycologists Maurice Langeron and 
Guerra. During that time Langeron taught a course 
in medical mycology, part of which required spend
ing some time with the famous Raimond Jacques 
Sabouraud (Campbell, 1984). Shortly after Conant's 
return to Boston as a research assistant at the 
Massachusetts General Hospital, David T. Smith 
invited him in 1935 to interview at Duke University 
for the position of Instructor in Mycology in the 
School of Medicine, and mycologist for the Uni
versity Hospital (Mitchell, 1991). Conant was 
offered the position, thus becoming the first indivi
dual hired as a medical mycologist at a medical 
school. 

Conant thrived in the clinical and research atmo
sphere encouraged by D.T. Smith. Mostly self-taught 
as a medical mycologist through a combination of 
curiosity and circumstance, Conant, who was kept 
out of medical school by the Great Depression, was 
ready when the outbreak of World War II severely 
challenged the medical community. In 1943, Conant 
enrolled for a three-month course at the Army 
Medical School in Washington, DC, primarily to 
study entomology and malariology in order to serve 
as a substitute for regular instructors who were being 
called into active duty. This course was Conant's 
only formal instruction in medical microbiology. 
But, during the course he was disturbed by the lack 
of knowledge and adequate instruction in medical 
mycology. Conant stepped forward and tried to 
inform the members of his class, an action quickly 
noticed by the Director of the course. As a result, he 
was invited to become the instructor in medical 
mycology for these three month sessions, a relation
ship that continued until1946 (Campbell, 1984). 

One of Conant's most important contributions 
came when the Army Surgeon General asked him 
to write a textbook on medical mycology. Military 
training and combat had exposed large numbers of 
troops to fungal diseases, and the escalating inci
dence of fungal infections made medical mycology a 
necessary discipline that demanded the availability 
of a texbook. Conant's book, The Manual of Clinical 
Mycology, was written in collaboration with David 
Tillerson Smith, Daniel Stover Martin, Roger D. 
Baker, and Jasper Lamar Callaway, all physicians 
from Duke University (Appendix C). It was an 
instant success when it was first published in 1944 
and became a benchmark for all textbooks in the 
field well into the 1980s (Questionnaire, 14 
responses, Table 3, Appendix A). 

Following the war, the demand for medical 
mycology training increased, and Conant soon 
realized that he would have to offer a formal course. 
The interest from practitioners, especially physi
cians, microbiologists, and medical technicians, led 
to Conant's first summer course in 1947. He devel
oped the course for physicians, but it was open to all 
who were interested in medical mycology. The 
course soon acquired a world-wide reputation and 
was taught by Conant until1973, interestingly, to the 
same type and number of students each year (Mitch
ell, 1991). For four weeks in June and early July, 
Conant immersed his students in the practical 
aspects of correctly isolating and identifying fungi 
pathogenic to humans (Mitchell, 1991). With the 
exception of updates on advancements in the field, 
the content and format of the course never varied 
greatly. The first two hours of each day were dedi
cated to lectures (Conant and other faculty) and 
discussion, followed by laboratory studies of cul
tures and other demonstration materials. The after
noons were open for reading, research, additional 
laboratory work as needed, and the identification of 
his "infamous unknowns". No student received a 
completion certificate until a prompt identification 
was made of all the pathogenic fungi and many of 
the contaminants they would likely encounter in 
their future work. These free sessions sparked keen 
competition and camaraderie, resulting in a healthy 
learning environment (Campbell, 1984; Mitchell, 
1991). 

Conant directed approximately two dozen disser
tations and supervised many other students from 
around the world. Outstanding leaders and trainers 
in medical mycology from Conant's program 



included Leanor Haley who went to the the CDC, 
Lorraine Friedman to Tulane University in New 
Orleans, Carlyn Halde to the University of Califor
nia in San Francisco, and George Cozad to the 
University of Oklahoma in Norman ("Training 
Trees", Appendix B). 

University of Oklahoma, Norman and Oklahoma 
City 

A key figure in medical mycology training in the 
midwest was Howard W. Larsh, who was Chairman 
of the Department ofBotany and Microbiology at the 
University of Oklahoma, Normanuntill976. He had 
worked with the federal government during the war, 
and shortly afterwards in 1946, he studied medical 
mycology with Norman Conant and his colleagues at 
Duke. Larsh returned to the UniversityofOklahoma, 
where in 1947 he established M.S. and Ph.D. pro
grams in medical mycology. He was a teacher and 
mentor for over 80 graduate students and postdoc
toral fellows during his career ("Training Trees", 
Appendix B). Although Larsh set high academic and 
professional standards for himself and his students, 
he always had time to help them. Medical mycology 
was a favorite topic to Larsh, who had a way ofletting 
his students know that they were special to him. 
Norman Goodman and Glenn Roberts (1994) 
remember that, "When he attended professional 
meetings with his students, you would find him with 
them instead of with his peer group" (p. 2). 

Larsh trained many important contributors to 
medical mycology, including several who estab
lished important training centers that continued 
strong programs into the 1990s ("Training Trees", 
Appendix B). He was a leading advocate for more 
training, having worked closely with the pathogenic 
fungi endemic in the southwest and with Michael 
Furcolow in the Kansas City Field Office of the 
United States Public Health Service during the 
summer (1950 to 1962) and from September, 1952 
to June, 1953. During Larsh's tenure at Oklahoma, 
the University had training grants from NIH (G. 
Cozad, personal communication, January 11, 1994). 
In a 1971 statement to a Research Corporation 
committee responsible for the administration of the 
Brown-Hazen program, Larsh stated: "It is not at all 
uncommon for a graduate registered technician to 
remark that he was not permitted to examine fungus 
cultures, as they might be pathogens" (Baldwin, 
1981, p. 135.) 
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The Centers for Disease Control (CDC) 

Any discussion of medical mycology training must 
include the contributions of Libero Ajello and his 
team at the Centers for Disease Control (CDC) in 
Atlanta. During 43 years of service, Ajello became 
renowned as a teacher, researcher, and consultant. 
He was the perfect disciple to carry forth the mission 
of CDC to promulgate the best medical mycologists 
had to offer to prevent and eradicate fungal diseases. 
Ajello was mostly a self-taught medical mycologist 
having obtained his Ph.D. in general mycology in 
1947 under John Karling, Head of the Mycology 
Department at Columbia University in New York 
(Chezzi, 1992). In 1943, Ajello was hired by the 
United States Office of Scientific Research and 
Development (OSRD) to work on tinea pedis among 
Army recruits at Fort Benning, Georgia. He had the 
opportunity of a few weeks of training under Rhoda 
Benham before he went to Fort Benning as part of a 
team headed by Hopkins from Columbia University. 
Ajello followed this work with another two years 
with the OSRD at the Johns Hopkins University 
where he conducted drug research on tinea pedis (L. 
Ajello, personal communication, January 4, 1994). 

After graduating from Columbia University's 
Graduate School of Arts and Sciences in 1946, 
Ajello won a three-day national examination for a 
medical mycologist staff position at the newly estab
lished CDC Mycology Unit. During Ajello's two 
months at Duke University, he worked in Conant's 
diagnostic laboratory identifying fungi and 
expanded the knowledge that he had acquired while 
doing research on dermatophytes for the Armed 
Forces during World War II. Athlete's foot, a 
common infection among service men due to poor 
hygiene in the field and a lack of proper bedding and 
facilities, had also become a problem for the Army 
during World War II. 

At the CDC, Ajello developed intensive four-week 
and two-week courses that were given world-wide. 
The four-week course covered the identification and 
taxonomy of all known fungi pathogenic to humans, 
including serology and histopathology. The two
week course covered both cutaneous and subcuta
neous infections (one week) and systemic mycoses 
(one week). The courses were well designed and 
illustrated, and included a teaching and reference 
manual (L. Ajello, personal communication, Janu
ary 4, 199; W. Kaplan, personal communication, 
January 6, 1994). 
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In addition, Ajello, as an Adjunct Associate 
Professor at Emory University, and his CDC collea
gues at the invitation of Professor Morris Tager, 
Chairman of the Microbiology Department, pre
sented lectures and laboratory sessions for the 
second year medical students at Emory's School of 
Medicine during several decades. Under the aus
pices of the World Health Organization, the Pan 
American Health Organization, and various Minis
tries of Health, workshops on the mycoses were 
presented in Burma, Brazil, Colombia, Costa Rica, 
Ecuador, Egypt, Guatemala, Honduras, Israel, 
Italy, Jamaica, Thailand, Venezuela, and other coun
tries. From 1979-1990, Ajello served as Principal 
Investigator and Head of the World Health Organi
zation's Collaborating Center for Mycotic Diseases 
at the CDC. 

Other important medical mycologists at the 
CDC, who were integral members of Ajello's train
ing and research teams included Lucille K. Georg, 
Morris Gordon, William Kaplan, Leo Kaufman, 
Leo Pine, Paul Standard, and Arvind A. Padhye 
("Training Trees", Appendix B). The work of these 
well-known investigators is examined in the research 
section of Chapter IV. 

However, "the formative years" of medical mycol
ogy were drawing to a close, and the end of World 
War II brought sweeping changes to most areas of 
life in the United States with medical mycology 
being no exception. As the discipline found itself 
poised on the brink of new directions, the thoughts 
of Morris Gordon (1993) may sum up the era the 
best. In 1946, when searching for the best program 
to pursue his doctoral studies with a concentration 
in medical mycology, Gordon found only two pro
grams in the United States offering a formal curri
culum: Columbia University with Rhoda Benham 
or Duke University with Norman Conant. Gordon 
chose Duke and trained under F. Wolf in botany. 

Gordon had been advised by Conant to major in 
botany with specialization in medical mycology. 
Upon arriving, Gordon found himself studying with 
Leanor Haley, Lorraine Friedman, and other stu
dents under the tutelage of Conant (Gordon, 1993). 
Thus, by the end of "the formative years" many of 
the leaders of the new era were in training or 
initiating their programs at centers across the United 
States, including the CDC, Oklahoma, Michigan 
State University, and Tulane University, in addition 
to Columbia University, Duke University, UCLA, 
and the NIH. 

Mycology books 

In the beginning of "the formative years", several 
books were published that served as important 
contributions to medical mycology (Appendix C). 
Bacteriologists were among the first investigators to 
search for tools to improve the laboratory diagnosis 
of pathogenic fungi. The meager information avail
able to these early pioneers in medical mycology had 
to be gleaned from the various classical, medical, 
and bacteriology textbooks of that time. Fungous 
Diseases: A Clinico-Mycological Text published in 
1932 by Harry P. Jacobson was the first book in the 
United States to deal solely with medically impor
tant fungi. It was strictly descriptive from a clinical 
standpoint without the etiologic agents being dis
cussed (Kobayashi, 1993). Closely following this 
book was the publication of Medical Mycology: 
Fungous Diseases of Men and Other Mammals by 
Carroll W. Dodge in 1935 (Appendix C). Dodge's 
book became very important, for it provided the first 
complete descriptions of all the fungi known or 
considered at that time to be pathogenic to humans 
and other animals (M. McGinnis, personal commu
nication, March 17, 1994; Kobayashi, 1993). 



IV. The advent of antifungal and immunosuppressive therapies: 1950 to 1969 

Figure 51. Lucille K. Georg (1st, second row) (p. 60), Gordon Morris (4th, 3rd row), and Ajello (6th, 3rd row) (Circa 
1950s) (Courtesy of Dr. Gordon) 

Figure 52. Lucille Georg (pp. 60, 65, 71, 73, 
77) (Courtesy of Dr. D. MacKenzie) 
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Figure 53. Lucille K. Georg (seated), Libero Ajello, Leo Kaufman, and William 
Kaplan at CDC (pp. 60, 77) (Courtesy of Dr. Kaufman) 

Figure 54. Margarita Silva-Hutner (first row, 2nd) (pp. 60, 73-74), Irene Weitzman (first row, 3rd) (p. 71 ), William 
Merz (top row, 2nd) and Gladys Rebatta (second row, 6th) (Courtesy of Dr. Silva-Hutner) 



Figure 55. Morris F. Shaffer (pp. 60, 75) (Courtesy of Dr. 
Restrepo) 

Figure 55a. Lorraine Friedman (pp. 60, 
68, 75) (Courtesy of Dr. Sinski) 

Figure 56. Dexter Howard (pp. 60, 71, 72, 76) 
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ISHAM MEETING 1967 
NEW ORLEANS 

Figure 57. Juneann Murphy (second row, 2nd), George Cozad (second row, 3rd) (p. 60), and seated, Y. AI 
Doory, Ernest Chick, Norman Goodman, Mrs. Goodman, Charles Smith, and Howard Larsh (p. 76) 
(Courtesy of Goodman) 

Figure 59. John P. Utz (pp. 63, 68, 70, 74-77) 

Figure 58. Rachel Fuller Brown (I 898- I 980) and Elizabeth Lee Hazen 
(1885-1975) (pp. 62-63) (Courtesy of Dr. Gordon) 
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Figure 60. Morris Gordon (pp. 64-66, 68, 70), Lorraine Friedman, and J. Donald Schneidau (pp. 68, 75) (Courtesy of Dr. Gordon) 

Figure 61. Lean ora Haley (I st row, 6th) (pp. 65, 77) and her men tees: Timothy Cleary (second row, I Oth ), Michael McGinnis (second 
row, lith) (Courtesy of Dr. Cleary) 
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Figure 62. Smith Shadomy (pp. 66, 68, 70) and H. Jean Shadomy (pp. 68, 71) (Courtesy of Dr. Sinski) 

Figure 63. Walter Nickerson (pp. 66-67) (Courtesy of Dr. Reiss) 

Figure 64. John Bennett (pp. 68, 70, 75) 



Figure 65. William Winn (1903-1967) (p. 69) 
(From: Huntington, R. W. 1985. Four great 
coccidioidomycologists. J. Med. Mycology. 23 , 
p. 361-370) 

Figure 67. David Taplin (pp. 70-71) (Courtesy 
of Dr. MacKenzie) 

Figure 66. Michael Furcolow (1907-1985) (p. 69) 
(From: MMSA Archives) 

Figure68. Gerbert Rebell (pp. 70-71) (Courtesy of Dr. 
Sin ski) 

55 



56 

Figure 69. Kenneth Raper (2nd) and Kyung Joo Kwon-Chung (4th), his men tee) 
(p. 71, 75) (Courtesy of Dr. Kwon-Chung) 

Figure 70. J. Fred Denton (right) and Arthur 
DiSalvo his mentee (p. 71) (Courtesy of Dr. 
DiSalvo) 

Figure 71. Eugene McDonough (p. 71) (Courtesy of Dr. Sinski) 
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Figure 72. Leo Pine (p. 72), William Kaplan, Libero Ajello, and Leo Kaufman at CDC in the 1960s (p. 77) (Courtesy of Dr. Kaufman) 

Figure 73. Everett S. Beneke and his mentec Alvin 
(Courtesy of Dr. Sinski) 

Figure 74. Glenn Bulmer (p. 72) 



58 

Figure 75. John Rippon (p. 73) 

Figure 77. Arturo CarriOn and his mentee 
Margarita Silva-Hutnert at Columbia in 1949 (p. 
73) (Courtesy of Dr. Silva-Hutner) 

.. 
Figure 76. John Rippon (first row) (p. 73), Nina Dabrowa (second row, 3rd), 
Libera Ajello and Lorraine Friedman (third row, 2nd and last), Arvind Padhye 
(fourth row, 2nd), Charlotte Campbell, and Alvin Rogers (top row, 8th and 
last) (1970) (p. 72, 74) (Courtesy of Dr. Rippon) 

Figure 78. Stanley Rosenthal (6th, first row) (p. 74) and his mentor 
VanBreuseghem (4th, first row) (Courtesy of Dr. Rosenthal) 



Figure 79. Dexter Howard and his students (Betty Wu-Hsieh and Nina Dabrowa) (p. 76) 
(Courtesy of Dr. Howard) 

Figure 80. Everett S. Beneke and Jim T. Sinski (p. 78) (Courtesy of Dr. 
Sin ski) 
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Overview: 1950 to 1959 

Drastic changes were needed in medical mycology 
by the end of 1949, because the mortality rate for 
patients having invasive mycoses ranged between 50 
and I 00%, depending on the severity of the disease. 
The 1950s experienced the discovery of nystatin, the 
first active antifungal drug to be used in humans, 
followed by the development of stilbamidine and, 
more importantly, amphotericin B. John Fisher and 
John Perfect stated that although the azoles have 
been important new antifungal agents, the use of 
amphotericin B opened the field of antifungal ther
apy and remains the gold standard (J. Perfect; J. 
Fisher, questionnaires). The development of antifun
gal agents is ranked as the second most important 
event for the development of medical mycology in 
the United States (15 to 24.7% responses to the 
questionnaire, Tables 3 and 4, Appendix A), because 
it stimulated an intense interest among both the 
medical and pharmaceutical communities, 
enhanced public awareness, and legitimized the 
discipline as a distinctive field in medicine. Mean
while, royalties from the sale of nystatin provided 
much needed financial support for training and 
research distributed through the Brown-Hazen 
Committee. 

Other important contributions made during this 
decade included serological tests for the diagnosis of 
coccidioidomycosis and histoplasmosis, and practi
cal nutritional tests for the identification of selected 
dermatophytes were developed. The antigenic com
position of the polysaccharide capsule of C. neofor
mans was determined, and the detection of fungi in 
tissues was improved. The relationship of opportu
nistic fungal infections to antibiotic therapy, the use 
of cytotoxic or immunosuppressive therapy, certain 
malignancies, and diabetes were partially clarified. 
The preliminary transition from studies of the biol
ogy of fungi to those at the cellular level were made 
between 1953 and 1959, mostly by scientists at 
Rutgers University and the NIH. 

In the 1950s, Lucille K. Georg, William Kaplan, 
and Leo Kaufman arrived at the CDC. Margarita 
Silva-Hutner replaced Georg at Columbia Univer
sity and became the new Director of the Laboratory 
in 1956, shortly before Rhoda Benham's death on 
January 17, 1957. Early in 1955, the physician 
Morris F. Shaffer, who had arrived at Tulane Uni
versity in 1943, traveled to Berkeley and recruited 

Lorraine Friedman to develop a medical mycology 
unit at Tulane University (Shaffer, 1985). 

The Veterans Administration Armed Forces 
Cooperative Study Group on Coccidioidomycosis 
was formed in 1955. This group, currently known as 
the Coccidioidomycosis Study Group, has met 
annually to discuss the state of coccidioidomycosis 
research. In August 1994, they convened an interna
tional conference at Stanford University to coincide 
with the centennial of the description of the first two 
American cases of coccidioidomycosis at Stanford 
University by Emmet Rixford and Thomas Caspar 
Gilchrist in 1896. The VA Armed Forces Study 
Group also sponsored other mycoses cooperative 
studies from which much scientific information was 
published in the 1960s. 

Dexter Howard began his work at the University 
of California at Los Angeles in 1956 as an Instructor 
of Mycology. He is recognized for his numerous 
basic research contributions on dimorphism and 
host-parasite interactions in histoplasmosis capsu
lati, as well as for the training of numerous masters 
and doctoral students ("Training Trees", Appendix 
B). In 1957, George Cozad came to the University of 
Oklahoma as a Research Associate in medical 
mycology under Howard Larsh. In 1958, Charles 
D. Jeffries began his medical mycology career at 
Wayne State University. In 1959, Hillel Levine was 
appointed Chief of the Mycology Division at the 
Naval Biological Laboratory in Oakland, Califor
nia. Trials of new antifungals, in vitro assays, animal 
models, development and evaluation of coccidioidin 
and spherulin skin test reagents, and laboratory 
safety standards were among the important activ
ities performed at that institution. 

1950 to 1959 

Immunocompromised patients versus opportunistic 
infections 

The association of a high incidence of severe fungal 
infections with antibiotic and steroid therapy, drug 
addiction, and leukemia or lymphoma, especially 
Hodgkin's disease was first documented in the 
1950s. Lorenz Zimmerman (1950) reported three 
cases of Candida and Aspergillus spp. endocarditis 
"apparently stimulated" by the constant administra
tion of penicillin at the Walter Reed General Hospi
tal. At Montefiore Hospital (New York City), 



Richard Torack (1957) reported that l3 fungal 
diseases were found at autopsy in patients who had 
been treated with either antibiotics, steroids, or both. 
An increase from three cases (between 1933 and 
1952) to l3 cases (between 1952 and 1956) of fungal 
corneal infections and post-traumatic vitreous 
abscesses was documented at the Registry of 
Ophthalmic Pathology. These 13 patients had 
received topical, steroid-bacterial antibiotic combi
nations (Haggerty and Zimmerman, 1958). 

Since 1894, various individuals believed that 
cancer was caused by a yeast. However, in 1902 
E.H. Nichols had concluded that there was no 
evidence that yeasts caused human cancer. In 1954, 
Lorenz Zimmerman and Henry Rappaport evalu
ated the divergent views since 1932 concerning the 
controversial association between cryptococcal 
infections and malignant lymphoma, particularly 
Hodgkin's disease. At the Armed Forces Institutes 
ofPathology (Washington, DC), they reviewed 60 C. 
neoformans cases and grouped them according to 
the extent of the infection. They found that dissemi
nation occurred more commonly in patients with 
malignant lymphoma or leukemia (18 of24 dissemi
nated cases), and clearly negated the prevalent, but 
erroneous, concept that C. neoformans was respon
sible for Hodgkin's disease. 

John Keye and W. Edwin Magee (1956) at 
Washington University surveyed clinical records, 
autopsy data, gross and histologic material, and 
microbiological data on 88 cases of mycoses among 
15 845 autopsies performed between 1919 to 1955. 
Although the incidence of primary fungal infections 
had not increased after 1947, there was a striking 
increase in the incidence of secondary fungal infec
tions. In general, cryptococcosis and zygomycosis 
occurred in patients who had lymphomas or leuke
mia; histoplasmosis capsulati, candidiasis, and 
aspergillosis complicated other diseases as well. The 
frequent use of multiple antibiotics, cytotoxic che
motherapy for leukemia and lymphoma, and corti
sone contributed to the increased incidence of fungal 
infections observed after 1947 (Keye and W. Magee, 
1956). Although most of these cases were diagnosed 
based upon the morphology of the fungus in tissue, 
these reports alerted the scientific community to the 
fact that various immunologic and nonimmunologic 
factors could predispose individuals to opportunis
tic fungal infections. 

During the 1950s, attempts were made to under
stand the mechanisms by which diabetes, antibio-
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tics, and cortisone increased the susceptibility of the 
host to fungal infections. Heinz Bauer, John Flana
gan, and Walter Sheldon (1955), who were at Emory 
University, experimentally reproduced the lesions of 
cerebral zygomycosis (as mucormycosis) in diabetic 
and nondiabetic rabbits. Because the animals were 
infected by intranasal instillation of sporangiospore 
suspensions, the infection began in the nasal mucosa 
and rapidly extended to adjacent tissue, bone, and 
finally the brain. In contrast, the nondiabetic rabbits 
had fewer and smaller lesions and the lesions were 
surrounded by many neutrophils, which did not 
show the same degenerative changes seen in the 
diabetic rabbits. Herschel Sidransky and Lorraine 
Friedman (1959), at Tulane University, determined 
that the combination of antibiotics plus cortisone or 
cortisone alone rendered animals, that had inhaled 
Aspergillus flavus conidia, highly susceptible to 
developing fatal pulmonary infections. 

Cerebral phaeohyphomycosis 

Chapman Binford, R.K. Thompson, Mary Gor
ham, and Chester Emmons (1952) recovered Clado
phialophora bantiana (as Cladosporium trichoides) 
from a brain abscess of a 22-year-old black male, 
who had complained of frontal headaches for two 
weeks, and by the time of hospital admission, was 
sleepy and drowsy. Microscopically, the central part 
of the CNS clinical specimen contained "degenerat
ing purulent exudate in which were found numerous 
light brown filamentous structures" (Binford et al., 
1952, p. 536). The hyphae measured 1 to 2 J.Ull in 
diameter, exhibited branching and contained 
numerous septations. Gray-to-brown-to-olive black 
colonies were grown, which contained phaeoid 
hyphae and "2 J.Ull in diameter conidiophores, often 
septate, straight to flexuous, bearing long sparsely 
branched chains of conidia" (Binford eta!., 1952, p. 
541). Emmons proposed the name Cladosporium 
trichoides, signifying its hypha! growth in human 
brain tissue. A new species was added to the list of 
fungi that could cause opportunistic infections in 
humans. This fungus was transferred to the genus 
Xylohypha in 1986 by Michael McGinnis, Dante 
Borelli, Arvind Padhye, and Libero Ajello, and to 
the genus Cladophialophora in 1995 by G.S. de Hoog 
eta!. 
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Dermatophytosis 

The dermatologist Albert Kligman, from the Uni
versity of Pennsylvania, declared in 1952 that, "little 
basic knowledge has accumulated on ringworm of 
the scalp" (p. 231) since Raimond Sabouraud's Les 
Teignes (191 0). Epidemics of tinea capitis caused by 
Microsporum audouinii in the early 1950's prompted 
important, although currently ethically questionable 
investigations. This epidemic, which was known as 
the Atlantic City School Board Epidemic, was so 
wide spread that infected schoolchildren were 
required to wear hats in order to go to school (M. 
Silva-Hutner, personal communication, November 
20, 1993). Kligman published two papers in 1952 
and 1955 on the pathogenicity of M. audouinii and 
M. canis. His data were derived from observations 
on experimentally infected humans that were car
ried out in a state institution for congenital "mental 
defectives", where tinea capitis was prevalent. He 
found that only 60% of children and adults were 
susceptible to experimental infection. He divided the 
natural course of the infection into four phases: (i) 
first few days incubation, (ii) three month enlarge
ment of original lesions and development of new 
ones, (iii) refractory or static infection, and (iv) 
involution. Tinea capitis comprised two types of 
infections, scalp and hair (Kligman, 1952). Hyphae 
were observed to grow downward into the hair 
follicle and break up into chains of cells ("primary 
spore formation") during the incubation period. 
During the enlargement period, new follicles were 
infected and external branches of the intrapilary 
hyphae segmented into short chains of ectothrix 
conidia. These conidia ceased to be formed during 
the involution phase (Kligman, 1955). 

Portal of entry for Coccidioides immitis and 
Blastomyces dermatitidis 

Walter Wilson, Charles E. Smith, and Orda Plunkett 
(1953) had the opportunity to follow the course of a 
case of coccidioidomycosis involving the skin of a 
patient seen at the University of California, Los 
Angeles. The patient was an embalmer who had 
severely abraded the skin of his finger against a 
casket. During the embalming of a body, bloody 
and seropurulent material from the visceral organs 
containing C. immitis cells had come in contact with 
the abraded skin. From the clinical observations and 
the mycologic data, it was concluded that "the 

disease originates very rarely as the result of primary 
cutaneous inoculation" (Wilson, Smith, and Plun
kett, 1953, p. 233). Skin lesions are nearly always the 
result of dissemination of C. immitis to the skin by 
hematogenous means. A similar conclusion was 
reached concerning blastomycosis by Jan Schwarz 
and Gerald Baum (1951) who reviewed 154 cases of 
blastomycosis, 58 from their institution (Cincinnati 
General Hospital). Their conclusion was based on 
the following observations: skin lesions followed 
involvement of the lung; rapid development of skin 
lesions was associated with simultaneous appear
ance of articular or bone lesions; diseases produced 
by inoculation almost always began on the feet or 
hands; and lesions started as closed eruptions. Thus, 
it was established that blastomycosis and coccidioi
domycosis initiated in the respiratory tract. 

Antifungal therapy 

During the 1940s, awareness that fungal diseases 
were common and prevalent emphasized the need 
for new antifungal agents. Toxicity and other unde
sirable pharmacologic properties of earlier com
pounds made them unsuitable for use in humans. A 
deliberate search for an antifungal agent was insti
gated by Gilbert Dalldorf at the New York State 
Department of Health to treat the large numbers of 
servicemen and women returning from the tropics 
with severe fungal infections. A major contribution 
to the development of medical mycology occurred 
when Elizabeth Lee Hazen and Rachel Fuller Brown 
(1950) announced from this institution the discovery 
of nystatin (as fungicidin, named for New York 
State) at the autumn meeting of the National Acad
emy of Sciences in Schenectady, New York. Hazen, a 
bacteriologist, and Brown, a chemist, as a team were 
able to identify, characterize, and purify nystatin 
following its detection in cultures of Streptomyces 
noursei (named after William Nourse, the farm's 
owner) near the barn of a dairy farm in Fauquier 
County, Virginia (MMSA Newsletter, June 1972). 
The screening of soil samples for antifungal actino
mycetes was conducted by a selective plating techni
que in which C. albicans and C. neoformans served as 
the screen fungi. Brown and Hazen also demon
strated the in vitro and in vivo activity of nystatin in 
laboratory (experimental) animal studies. 

Brown and Hazen donated the royalties of their 
discovery, which amounted to more than 
$13000000 by 1976 when the patent expired, to a 



special fund designated the Brown-Hazen Fund. 
These funds were used for advancing the medical 
sciences in general and in the 1970s, exclusively for 
medical mycology. Nystatin was patented and made 
available to E.R. Squibb and Sons by the Research 
Corporation in New York City. Hazen and Brown 
were inducted posthumously into the National 
Inventors Hall of Fame. They were only the second 
and third women to be so honored (M. Gordon, 
personal communication, January 10, 1994; 
Research Corporation News, January 6, 1994). 

Until 1950, blastomycosis was treated with 
iodides, X-ray therapy, and surgical procedures. 
These approaches only provided temporary remis
sion of the cutaneous lesions, but a 92% case fatality 
was expected in patients with disseminated B. der
matitidis infections. Following W.O. Elson's (1945) 
report that propamidine was effective in vitro 
against B. dermatitidis, Emanuel Schoenbach, 
Joseph Miller, Milton Ginsberg, and Perrin Long 
(1951) treated three patients with propamidine and a 
related compound, the aromatic diamidine, stilba
midine. These patients who had systemic blastomy
cosis showed improvement, but unfortunately the 
toxicity of stilbamidine necessitated a brief and 
intermittent therapy. A derivative of stilbamidine, 
2-hydroxystilbamidine, was given to another three 
patients with blastomycosis for a prolonged and 
extensive course without evidence of toxicity (Snap
per and McVay, 1953). 

In the meantime, the search for more effective 
antifungal agents continued at the E.R. Squibb 
Institute. W. Gold, H.A. Stout, J.F. Pagano, and R. 
Donovick (1955 to 1956) isolated the two antifungal 
"materials" amphotericin A and B, from a broth 
culture of Streptomyces nodosus. In vitro broth 
dilution assays demonstrated that B was more active 
than A, but less soluble, against the yeasts and 
filamentous fungi that they had tested. Both A and 
B preparations demonstrated antifungal activity in 
vivo when administered subcutaneously to experi
mentally infected animals. Fungal cultures and con
sultations for their study were provided by Margar
ita Silva-Hutner at Columbia University and 
Elizabeth Hazen at the New York State Health 
Department (Steinberg, Jambor, and Suydam, 1955 
to 1956; Silva-Hutner, personal communication, 
November 20, 1993). Bernard Steinberg eta!. (1955 
to 1956) demonstrated that the oral administration 
was not as effective as the intravenous doses. In 
1957, Richard Harrell and Arthur Curtis at the 
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University of Michigan treated four "stilbamidine
failure male patients" successfully with intravenous 
amphotericin B. These four patients were given 50 
mg of amphotericin B that was suspended in 1000 ml 
of 5% aqueous dextrose for six to eight hours. A few 
months earlier, M.J. Fiese (1957) reported a case of 
disseminated coccidioidomycosis that he had suc
cessfully treated orally. 

Beginning in 1956, investigators at the NIH 
studied the in vitro and in vivo efficacy of amphoter
icin B in experimental cryptococcosis and histoplas
mosis capsulati (Louria, Feder, and Emmons, 1956-
1957), as well as the efficacy, safety and pharmaco
kinetics of oral and intravenous therapies given to 
patients with severe fungal infections (Utz, Louria, 
Feder, Emmons, and McCullough, 1957-1958; 
Louria, 1958). Their data indicated that oral or 
intraperitoneal drug was protective against usually 
fatal mouse infections by C. neoforman and H. 
capsulatum var. capsula tum, but the oral formulation 
was poorly absorbed and only low serum and CSF 
levels were obtained. In contrast, the intravenous 
solution produced better blood levels and was slowly 
excreted; serum concentrations were fungistatic for 
prolonged periods after the medication was discon
tinued. Donald Louria (1958) concluded that the 
intravenous dosages were beneficial for systemic 
infections when they did not involve the central 
nervous system. 

John Seabury and Harry Dascomb (1958); John 
Utz, Albert Treger, Norman McCullough, and 
Chester Emmons (1958-1959); M.L. Littman and 
P.L. Horowitz (1958); and Littman (1959) used a 
new formulation of amphotericin B (E.R. Squibb 
and Sons), which had became available in December 
1956 under the trade name Fungizone. The drug was 
combined with approximately 33 mg of sodium 
deoxycholate per 50 mg of drug. When suspended, 
"it formed a golden fluid which had the gross 
characteristic of a solution even though it was 
actually a colloidal suspension" (Seabury and Das
comb, 1958, p. 961). Results of their studies indi
cated that the intravenous preparation was very 
effective against B. dermatitidis, H. capsulatum var. 
capsulatum, and S. schenckii. Unfortunately, the 
data were inconclusive for patients with dissemi
nated C. immitis infections and C. neoformans 
meningitis. Also, toxic effects were reported that 
disappeared after therapy. The need for randomized 
studies and prolonged follow-up was deemed neces
sary to further evaluate the usefulness of this agent. 
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Unti11958, studies were directed towards its effect 
on pathogenic yeasts and dimorphic fungi. In 1958, 
Ernest Chick, John Evans, and Roger Baker at Duke 
University determined the effect of this drug in an 
experimental rat model using the opportunistic 
zygomycete, Rhizopus arrhizus (as R. oryzae). They 
concluded that amphotericin B appeared promising 
as a therapeutic agent for human zygomycosis. 

A third antifungal agent, griseofulvin, was devel
oped in 1956 in Scotland. In the course of a search 
for new chemotherapeutic "remedies" for the treat
ment of dermaphytoses, James C. Gentles (1958) 
observed "that griseofulvin, a metabolite produced 
by Penicillium janczewskii (as P. griseofulvum) 
(Oxford, Raistrick, Simonart, 1939) was effective 
against Trichophyton mentagrophytes infections in 
guinea pigs" (Martin, 1958, p. 1232). This was the 
first orally administered antifungal compound 
against a dermatophyte. 

Laboratory diagnostic methods 

During the late 1930s, Charles E. Smith and co
workers at the University of California, Berkeley, 
attempted to neutralize the ability of coccidioidin to 
elicit a skin reaction. In doing so, they discovered 
that a mixture of coccidioidin with serum from 
infected guinea pigs yielded a precipitate. Smith 
collaborated with two serologists, Karl Meyer and 
Bernice Eddie, on the CF test. They performed 
21 000 precipitin and CF tests for coccidioidomyco
sis from 1940 to 1949, while Smith was at Stanford 
University (Smith et al., 1950). Their analysis of the 
data demonstrated that the combined CF and pre
cipitin tests detected more than 90% of clinically 
apparent cases of coccidioidomycosis, less than 
10% of asymptomatic cases, 60% of pulmonary 
cavitation lesions, and 99% of disseminated cases. 
Each test alone detected from 22% (CF) to 44% 
(precipitin) of these cases. "The tests were specific 
with respect to viral, rickettsial, spirochetal, bacter
ial, and most other mycotic infections" (Smith et al., 
1950, p. 19). However, there were cross-reactions 
withH capsulatumvar. capsulatum. From the results 
of both skin reactions and serology, it was discov
ered that the skin reaction is positive first, followed 
by the detection of precipitins and CF antibodies in 
primary noninvasive disease. The CF antibodies 
persisted and an increase in titer corresponded to 
the severity of the infection; a decrease correlated 
with patient improvement. These tests became an 

excellence guide for following and anticipating the 
course of this infection. 

Albert Coons and Melvin H. Kaplan (1950), who 
were at Harvard Medical School, developed a spe
cific histochemical method for detecting antigenic 
material in tissues by using fluorescein labeled anti
bodies. This method was applied initially to demon
strate the capsules of bacteria and later by Warren 
Eveland and coworkers (1957) for the study of C. 
neoformans in tissues maintained at the Armed 
Forces Institute of Pathology (Washington, DC). 
Ralph Vogel and Joseph Padula (1958) and Vogel 
(1966) at Emory University School of Medicine used 
the fluorescent stain method (FA) to demonstrate 
antibodies in sera from patients who had various 
systemic diseases. Morris Gordon (1958) applied 
this method to the differentiation of yeasts in the 
clinical laboratory. The FA technique was used 
extensively by William Kaplan and Leo Kaufman 
at the CDC as a reference method to assist in the 
diagnosis of mycotic infections using tissue. 

Special staining techniques for the specific 
demonstration of fungi in tissues were developed 
between 1951 to 1953. Examination of tissue sec
tions was difficult because most pathologists did not 
have sufficient mycologic experience to adequately 
recognize fungi in tissues. A selective stain for fungi 
was needed, and the adaptation of Hotchkiss and 
McManus' stains (1948) provided a solution to the 
problem. The procedure was based on the fact that 
the cell wall of fungi is composed of chitin that is 
absent in higher animals. The Hotchkiss-McManus 
technique was used to stain the carbohydrates in the 
fungal cell wall. However, the fungal wall had to be 
hydrolyzed with periodic acid to release its alde
hydes, which then combined with the Schiff reagent 
to "bring about its decoloration in various shades of 
red and magenta" (Kligman, Mescon, and De 
Lamater, 1951, p. 86). A light green counterstain 
for the tissue provided a good contrast to the deep 
rose-colored fungi. Since then, the periodic acid
Schiff stain (PAS) has been used routinely in pathol
ogy laboratories to detect fungi. The PAS stain was 
modified further by Mary Francis Gridley (1953), 
who replaced the periodic acid component with 
chromic acid in order to demonstrate both hypha! 
and yeast cells in tissue. 

Cycloheximide was added to mycologic media 
resulting in mycobiotic agar or Mycosel depending 
upon which manufacturer made the medium. This 
medium was originally used in 1951 for the selective 



isolation of C. immitis by Lucille K. Georg, Libera 
Ajello, and Morris Gordon. It inhibits the growth of 
C. neoformans as well as most saprophytic fungi 
when it contains low concentrations of cyclohexi
mide. The usefulness of cycloheximide in media has 
had a great impact in laboratory diagnosis. 

The nutritional requirements of selected dermato
phytes continued to be studied by Rhoda Benham 
(Silva and Benham, 1952; Benham, 1953; Silva and 
Benham, 1954; Silva, Kesten, and Benham, 1955) 
and at the CDC, where Georg had joined Ajello. 
Beatrice Kesten was a dermatologist who did her 
postdoctoral training in French and German Uni
versities (1928-1930), and later in Benham's labora
tory. She became the first female member of the 
American Dermatology Association (M. Silva-Hut
ner, personal communication, November 21, 1993). 
Georg and Laverne Camp (1957) simplified the 
procedures for studying dermatophytes in the clin
ical laboratory from a nutritional point of view. 
After several studies, they reported selective nutri
tional profiles for several species of Trichophyton. 
Georg's doctoral dissertation, which was supervised 
by Benham at Columbia University, was the basis of 
her nutritional research. Georg and Camp's (1957) 
differential medium formulations have been used to 
prepare seven commercially available Trichophyton 
agars (Difco Laboratories, Detroit, MI). These 
agars have been an invaluable laboratory diagnostic 
tool. Leanor Haley stated in 1993: "the ability to 
identify dermatophytes by nutritional requirements 
and morphology made it possible for many labora
tories to report out competent data for the physician 
and the mycologist" (L. Haley, personal commu
nication, December 31, 1993). Georg and Benham 
facilitated the identification of the dermatophytes, 
which are, even today, difficult to identify because 
atypical or poorly sporulating strains are frequently 
isolated. In recognition of Georg's work, a new 
species, Trichophyton georgiae, was named in her 
honor in 1964. In addition, the Lucille K. Georg 
medallion was established as an award to be con
ferred upon outstanding medical mycologists by the 
International Society for Human and Animal 
Mycology (ISHAM). 

In the same year (1957), Ajello and Georg further 
investigated A.M. Davidson and P.H. Gregory's 
(1934) discovery in Canada of the formation of 
wedge-shaped perforations caused by organized 
groups of hyphae in hair filaments exposed to T 
mentagrophytes. Ajello and Georg (1957) system-
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atically studied the morphology, pigmentation, and 
in vitro hair penetration of 40 isolates of T menta
grophytes and T rubrum. They concluded that "the 
different manner in which these two species attack 
hair in vitro is a diagnostic aid for their identification 
when correlated with morphology" (p. 17). 

At the University of Arkansas Medical Center, 
Douglas Heiner (1958), adapted Orjan Ouchterlo
ny's (1949) agar-precipitin technique that was used 
in bacteriology for the immunologic diagnosis of 
histoplasmosis capsulati. He noted that CF tests 
were not advantageous because of cross-reactions 
and the unsuitability of anticomplementary sera. 
Heiner (1958) utilized the Ouchterlony technique to 
test more than 2000 sera from patients with cultu
rally proven blastomycosis, coccidioidomycosis, his
toplasmosis capsulati, and patients suspected of 
having these mycoses, as well as "normal" volun
teers and patients with other diseases. Examination 
of precipitin bands demonstrated that histoplasmin 
contained at least six distinct soluble antigens. He 
concluded that sera from proven cases of histoplas
mosis capsulati showed what he called "h" and "m" 
bands; "m" bands could be seen following a histo
plasmin skin test; "h" and "m" bands correlated with 
high CF titers; and the absence of a precipitin band 
(to histoplasmin) ruled out active histoplasmosis. 
This easy to perform test has been useful for many 
years for the presumptive diagnosis of histoplasmo
sis capsulati. 

Taxonomy and classification 

A taxonomic issue was clarified by Rhoda Benham 
in 1950 when she reviewed the different names 
applied to the yeast C. neoformans. The generic 
name, Cryptococcus, was adopted by Jean Paul 
Vuillemin in 1901 for a group of pathogenic yeast
like fungi that did not develop ascospores. Vuillemin 
gave the name C. hominis to Otto Busse and A. 
Buschke's European strain, known today as C. 
neoformans, which had been isolated originally in 
1894. J. Lodder compared F. Sanfelice's Saccharo
myces neoformans, which was isolated from a peach, 
with Busse and Buschke's strain and found them to 
be identical (Benham, 1950). Therefore, Benham 
(1950) concluded that the fungus associated by J.L. 
Stoddard and E.C. Cutler (1916) and others with 
meningeal infections were actually the same fungus, 
that is, Cryptococcus neoformans. She also stated 
that although yeast cells are found in tissues in both 
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blastomycosis and cryptococcosis, "blastomycosis is 
an entirely different disease, caused by a mycelium
producing fungus, Blastomyces dermatitidis" (Ben
ham, 1950, p. 1312). 

Morris Gordon (1951 ), while he was at the CDC, 
regularly attended a skin clinic at Grady Hospital in 
Atlanta. There, he saw many cases of pityriasis 
versicolor in which the lesions contained numerous 
yeast cells and mycelial fragments that were not 
being successfully cultured. Benham (1939) had 
cultured Pityrosporum ovale from skin by adding 
unsaturated fatty acids to the culture medium. 
Gordon (1951) was able to culture "spherical forms" 
of Malasseziafurfur (P. ovale) by adding olive oil or 
saturated fatty acids to Sabouraud dextrose agar. 
Because the "spherical forms" had different mor
phological and physiological characteristics than 
those of P. ovale, Gordon (1951) named this fungus 
P. orbiculare. Ruth C. Burke (1961) described pityr
iasis versicolor in individuals experimentally 
infected with M furfur (as P. orbiculare) and two 
years later Frances Keddie and Smith Shadomy 
(1963) studied the morphologic and antigenic rela
tionships between P. orbiculare and M furfur. M. 
Gordon then stated that: "Everyone now agrees that 
P. ovale andP. orbiculare are forms of M.furfur" (M. 
Gordon, personal communication, January 10, 
1994). 

Ecology 

The prevalence of C. neoformans throughout the 
world suggested that this fungus is a widely distrib
uted saprophyte in nature. Chester Emmons (1951), 
while he was searching for the capsulatum variety of 
H capsulatum in soil, isolated in mice four strains of 
C. neoformans from soil samples collected in Lou
doun County, Virginia. Further studies permitted 
Emmons (1955) to observe that C. neoformans was 
present in pigeon feces and that such pigeon feces 
constituted a good medium for the fungus to grow in 
competition with other soil microorganisms. 
Emmons stated later that his discovery of C. neofor
mans in old pigeon nests was pure serendipity, since 
he was not looking for this organism. At that time, 
Emmons (1955) was not able to appreciate the 
significance of his findings, because of the rarity of 
cryptococcosis. The association of C. neoformans 
infections with immunosuppression was recognized 
later. 

In 1951, Libero Ajello and Louis Zeidberg iso
lated Pseudallescheria boydii from soil while they 
were searching for H capsulatum var. capsulatum in 
Williamson County, Tennessee; Chester Emmons 
had previously isolated H capsulatum from soil in 
1949. Zeidberg, Ajello, Ann Dillon, and Laliah C. 
Runyon (1952) found that the capsulatum var. of H 
capsulatum was isolated more frequently from soil 
that was enriched with chicken feces. Thus, chicken 
coops and chicken yards were shown to be potential 
point sources of infection for the development of 
histoplasmosis capsulati. 

Immunochemistry 

Edward Evans, at the University of Southern Cali
fornia, investigated the antigenic composition of C. 
neoformans between 1949 and 1953. It was difficult 
to perform serologic investigations of C. neoformans 
because the antibody response in experimentally 
immunized animals was poor. However, Evans 
(1949) successfully developed antisera with high 
agglutinin titers by injecting encapsulated formalin
killed C. neoformans cells into rabbits. Evans in 1949 
and 1950 and Evans and John Kessel in 1951, 
reported that "C. neoformans may be divided into 
three serologic types, A, B, and C, on the basis of 
antigenic differences revealed by agglutination reac
tions" (Evans, 1950, p. 429). Isolation of the capsu
lar polysaccharide of types A, B, and C provided 
similar results by precipitin reactions. Further 
experiments demonstrated that the capsular materi
als of type B had two carbohydrate fractions called 
SB 1 and SB2, which contained xylose, mannose, and 
glucose by paper chromatography (Evans and Ther
iault, 1953). Seventeen years later (1966), Ralph 
Vogel identified the fourth serotype, D (as R). 

Physiology and nutrition 

The fact that some important fungal pathogens are 
dimorphic indicated the importance of studying the 
phenomenon of their conversion from a mycelium 
form to the corresponding tissue form. Walter Nick
erson (1953), who was at Rutgers University in New 
Brunswick (New Jersey), initiated basic research 
studies dealing with the mechanisms of cellular 
division and morphogenesis of C. albicans. Nick
erson and Zbigniew Mankowski (1953) found that 
the replacement of glucose by soluble starch, glyco
gen, or dextrin diminished the filamentous growth of 



C. albicans. The growth of budding yeast cells was 
dependent on glucose as the source of carbon. Later, 
Nickerson (1954) was able to identity for the first 
time a cellular oxidation mechanism at the flavopro
tein locus, which was essential for cellular division 
by budding, but not for growth. He demonstrated 
this metabolic locus by the development of a fila
mentous mutant of C. albicans. The morphological 
mutant differed from the parent only in "its impair
ment to a cellular oxidation mechanism at a flavo
protein locus" (Nickerson, 1954, p. 493). Nickerson 
was the major professor of Errol Reiss, who later 
went to work at the CDC, where he became Chief of 
the Molecular Biology Section of the Division of 
Bacterial and Mycotic Diseases. In 1959, Gian 
Kessler and Nickerson isolated "clean cell walls" of 
three C. albicans strains and determined that they 
contained a glucan-protein and two distinct gluco
mannan-proteins. Samuel B. Salvin (1952), at NIH's 
Rocky Mountain Laboratory in Hamilton, Mon
tana, discovered that C. albicans was the second 
pathogenic fungus shown to produce a toxic effect 
after inoculation into laboratory animals. Swiss 
mice were killed within 48 h following intraperito
neal injection of a suspension of dead yeast cells. 

Two important papers appeared in the literature 
between 1957 and 1958 concerning the nutritional 
requirements of the parasitic forms of C. immitis and 
H. capsulatum var. capsulatum. John Converse 
(1957), at Fort Detrick, Maryland, grew the spher
ules of C. immitis in a medium composed of glucose, 
ammonium acetate, and inorganic salts. The addi
tion of an anionic surface active agent to the medium 
maintained the tissue form through serial transfers. 
In 1954, studies conducted at the NIH by Leo Pine 
regarding the conversion of H capsulatum to its 
yeast form resulted in the development of a three 
amino-acid medium for yeast conversion (Pine and 
Peacock, 1958). Yeast conversion was influenced by 
the growth requirements of the yeast (stimulated by 
citric acid); growth of the mycelial form was inhib
ited by the presence of citrate at 30° and 3TC (Pine 
and Peacock, 1958). Salvin's (1949) finding that 
sulphydril groups affected by temperature deter
mined the growth forms of H capsulatum was later 
confirmed by Leo Pine and Carl Peacock (1958). 
Salvin's (1949) medium and his observations led to 
further basic discoveries by Gerald Medoff and 
George Kobayashi at Washington University in St. 
Louis, Missouri. 
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Overview: 1960 to 1969 

During the 1960s, evaluation of large numbers of 
patients in cancer, leukemia and transplantation 
centers alerted the medical community to the fact 
that fungal infections were an important cause of 
morbidity and mortality among such patients. The 
response of the government and the pharmaceutical 
industry was immediate and provided financial, 
technological, and human resources to the field. 
Evaluations of antifungal therapies and the develop
ment of improved and rapid diagnostic tests were 
then initiated. In conjunction with the development 
of antifungal agents, the high prevalence of severe 
and fatal mycoses among these types of patients was 
ranked as the second most important contribution 
affecting the development of medical mycology in 
the United States by the questionnaire respondents 
(15.1% of86 responses, Table 3, Appendix A). 

The discovery of the perfect states of some fungi 
and the development of a latex agglutination test for 
the laboratory diagnosis of C. neoformans were 
listed among the most important contributions by 
the questionnaire respondents (Table 3, Appendix 
A). Other basic research contributions of this decade 
included: achieving a better understanding of the 
mechanisms of the mycelium-to-yeast conversion by 
H capsulatum var. capsulatum and S. schenckii; 
understanding cellular immunity as a major factor 
in chronic histoplasmosis capsulati; discovering the 
role of the capsule of C. neoformans in phagocytosis 
as a virulence factor; and defining the role of 
neutrophils as effective opportunistic fungal patho
gens killers. In applied research, additional adapta
tions of two bacteriologic procedures, Orjan Ouch
terlony's immunodiffusion test and the direct 
fluorescent antibody procedure contributed new 
dimensions to the rapid diagnosis by clinical labora
tories. Another antifungal agent effective against 
yeast infections, 5-fluorocytosine, also was devel
oped and evaluated. 

By 1955 tuberculosis had began to be managed 
effectively, and the Veterans Administration and 
Armed Forces increased their support for the study 
of fungal diseases. In the early 1960s, multicenter 
investigations studied large numbers of patients. A 
leader of this research was John Busey, who initiated 
the first cooperative drug study that evaluated the 
effectiveness of amphotericin B and stilbamidine 
while at the VA Medical Center in Jackson, Mis
sissippi. Also during this period, Elizabeth Hazen 
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retired from the New York State Laboratory in 1960 
and was succeeded by Morris Gordon, who had 
moved there from the CDC. 

On November 6, 1961, Lorraine Friedman and 
Donald Schneidau from Tulane University in New 
Orleans, Louisiana wrote to John E. Blair, President 
of the ASM, suggesting the creation of a Medical 
Mycology Division within ASM. The purpose of this 
division was to arrange a program centered on 
medical mycology during the annual ASM meetings 
and provide a focal point for the activities of medical 
mycologists (Howard, 1974). In 1969, an ad hoc 
committee was appointed to review the organization 
of ASM, especially the part governing divisions. In 
1972, microbiological groups that had gained the 
votes of at least 150 members were given the status of 
ASM divisions. The Medical Mycology Division 
was then established by the votes of 181 members 
(American Society for Microbiology Archives, 
1973). 

The history of medical mycology at the Medical 
College of Virginia, Virginia Commonwealth Uni
versity (MCV, VCU) began in 1965, when John P. 
Utz moved from NIH to MCV, VCU. He brought 
with him Smith Shadomy and H. Jean Shadomy. 
These three investigators and Richard J. Duma, who 
succeeded Utz as Chairman in 1974, established a 
medical mycology training and research program at 
MCV,VCU. 

In 1965, a steering committee was selected to 
organize the Medical Mycology Society of the 
Americas. The members of the committee were: 
Libera Ajello, Charlotte Campbell, Lorraine Fried
man, Milton Huppert, Hillel Levine, and Margarita 
Silva-Hutner. They met in Phoenix, Arizona during 
the Second Coccidioidomycosis Symposium and 
planned an organizational meeting to be held during 
the ASM Annual Meeting in 1966 (Ajello, 1968). 
Ajello was the first president. 

In 1965, John E. Bennett became Head of the 
Infectious Diseases Service at the NIH when Utz 
left (J. Bennett's CV). In Bennett's laboratory, sev
eral individuals obtained their postdoctoral training, 
including two Dalldorf Fellowship trainees ("Train
ing Trees", Appendix B). In 1966, Kyung Joo Kwon
Chung came to Chester Emmons' laboratory at the 
NIH as a visiting fellow to work on species of the 
genus Aspergillus, as well as on the genetics of the 
dermatophytes (J. Kwon-Chung, personal commu
nication, March 14, 1994). 

Charles E. Smith died on April 18, 1967, and the 
CDC Kansas City Medical Mycology Unit was 
closed in 1968. By 1969, medical mycology training 
and research was being conducted at several other 
centers: the University of California at San Fran
cisco by Carlyn Halde and Robert Lehrer, the 
University of Texas at Austin by Paul Szaniszlo, the 
University of Arizona in Tucson by Jim Sinski, the 
Harvard School of Public Health by Charlotte 
Campbell (who had moved from Walter Reed), 
Columbia University by Irene Weitzman, the Uni
versity of Chicago by John Rippon, Cornell Uni
versity by Donald Lauria, and Washington Univer
sity by George Kobayashi and Gerald Medoff. New 
investigators joined institutions where medical 
mycology programs had been established: Leo Pine 
at Duke University, Glenn Bulmer and Harold 
Muchmore at the University of Oklahoma at Okla
homa City and later at Tulsa, and Gerald Bodey at 
the National Cancer Institute. 

1960 to 1969 

Opportunistic fungal infections in 
immunocompromised patients 

Renal transplantation in humans and the use of 
immunosuppressive therapy to avoid organ rejec
tion began in the early 1960s. The incidence of 
infectious diseases, including fungal infections, was 
similar to that observed in patients with various 
malignancies. David Rifkind, Thomas Marchioro, 
Stuart Schneck, and Rolla Hill (1967) found at 
autopsy systemic fungal infections in 23 of 51 
patients (45%) who received renal transplants and 
had immunosuppressive agents between 1962 and 
1965 at the University of Colorado Medical Center. 
Since the beginning of the transplant program in 
November 1962 at that institution, Ill patients had 
received renal transplants. Antemortem diagnosis 
and amphotericin B therapy were possible for only 
two of these patients. 

An increased awareness of the prevalence of 
mycoses in cancer and leukemia patients was 
reported in two publications: one from the Memor
ial Hospital for Cancer in New York City (Hutter, 
Lieberman, and Collins, 1964) and a second from 
the National Cancer Institutes (NCI) Leukemia 
Service (Bodey, 1966). The former authors discov
ered aspergillosis at autopsy in 30 patients over a 12 



year span. Aspergillosis was a contributing factor in 
the cause of death in 37% of these patients. Gerald 
Bodey (1966) reviewed the records of 454 patients 
with acute leukemia, who had died at the NCI 
between January I, 1954 and June 3, 1964. He found 
189 fungal infections among 161 patients, an impor
tant increase in their incidence between 1959 and 
1964. These infections were the cause of death in 
61% of the patients, who had more prolonged 
granulocytopenias prior to infection than those 
patients enrolled in the control group. Both studies 
emphasized the need for improvement in the labora
tory diagnosis of mycoses. Bodey (1966) concluded 
that histoplasmosis capsulati and cryptococcosis 
were not as closely related to adrenal cortical steroid 
therapy as were other fungal infections. This conclu
sion correlated well with the results from experimen
tally infected animals (Louria, Fallon, and Browne, 
1960) and in vitro studies (Caroline, Rosner, and 
Kozinn, 1969). 

Clinical studies: antifungal therapy 

Successful therapy of mycoses with amphotericin B 
was followed by focused efforts to improve diagno
sis, treatment, and the understanding of the different 
aspects of fungal disease. By 1963, William Winn 
stated that, "there was the need for systematization 
of the various names given to coccidioidomycosis, 
because this infection had many variable manifesta
tions" (p. 1131 ). Therefore, Winn (1963) developed a 
system of classification based on radiologic changes 
in the lungs using his 20 years of experience "derived 
from almost daily encounters with the pathologic 
manifestations of coccidioidomycosis" (Winn, 1963, 
p. 1131). He reviewed data from 100 patients who 
had been favorably treated with amphotericin B at 
Tulare-Kings Hospital, California. Winn (1963) 
divided coccidioidomycosis into three categories: (i) 
primary (pulmonary, residual pulmonary, extending 
pulmonary lesions), (ii) acute and chronic dissemi
nated (respiratory to meningeal diseases), and (iii) 
primary extrapulmonary disease (cutaneous inocu
lation). The superior value of the intrathecal over the 
intravenous therapy was emphasized in this publica
tion. 

Cooperative studies regarding blastomycosis and 
other systemic diseases that were initiated by mem
bers of the Cooperative Study Group on the Che
motherapy of Tuberculosis of the Veterans Adminis
tration-Armed Forces in the 1950s were published in 
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the 1960s (Espinel-Ingroff, 1994, 1996). Following 
their successful therapeutic trials for the manage
ment of tuberculosis, committees were established to 
study coccidioidomycosis and histoplasmosis cap
sulati, and in 1957 to study blastomycosis. The first 
of these studies (John Busey et al., 1963) synthesized 
clinical information from a retrospective study of 
198 cases of blastomycosis diagnosed during a 
twelve-year period at 26 Veterans Administration 
hospitals. Blastomycosis was confirmed to be pre
valent in the Mid-Atlantic, South Central, and Ohio
Mississippi River valley states. The study to com
pare the effectiveness of 2-hydroxystilbamidine and 
amphotericin B began in 1955 and revealed that 
amphotericin B was more effective than the former 
drug (Lockwood, Allison, Batson, and Busey, 1969) 
in managing this mycotic infection. Eighty patients 
with blastomycosis were evaluated during a II year 
period; 2-hydroxystilbamidine was used successfully 
in 31 of 53 patients (58%) and amphotericin Bin 21 
of 27 patients (78% ). 

Michael Furcolow (1963) and the members of the 
CDC Cooperative Mycoses Study Group in Kansas 
City reported the results of their first large coopera
tive study on long-term follow-up evaluation of 
amphotericin B therapy for histoplasmosis capsu
lati. Comparison of data from 194 treated and 115 
untreated patients indicated that the total dose 
should be at least 25 mg/kg (23% mortality). Inade
quately treated patients ( < 25 mg/kg) showed little 
difference from untreated patients (85% mortality). 

Despite the introduction of amphotericin B and 
its successful use for the treatment of fungal infec
tions, its toxicity limited its use. David Drutz, 
Anderson Spickard, David Rogers, and Glenn Koe
nig (1968) investigated a new therapeutic approach 
to reduce the dose-related toxicity of amphotericin B 
at the time when Drutz was doing his postdoctoral 
training at the NIH. The drug was administered 
daily for a ten-week period to achieve peak serum 
levels that were at least twice those necessary for 
inhibition of the fungus. These lower total doses were 
sufficient to control 15 systemic cryptococcosis, 
blastomycosis, and histoplasmosis capsulati infec
tions in patients with impaired renal function. This 
antifungal regimen was used in the 1970s by John 
Bennett and his coworkers for their prospective 
study on the treatment of cryptococcal meningitis 
(J. Bennett, personal communication, March 17, 
1994). 
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The new oral agent, 5-fluorocytosine (flucytosine 
[5-FC]), was developed in the early 1960s by Hoff
mann-LaRoche in Switzerland (E. Grunberg et a!., 
1963). It was found to be effective in the treatment of 
two patients infected with C. albicans and C. neofor
mans, as well as in experimentally infections (E. 
Grunberg et a!., 1963; Tassel and Madoff, 1968). 
The first patient treated with oral5-FC had candida! 
sepsis and received 5-FC for 21 days (2 to 4 gm 
daily), and the second patient had cryptococcal 
meningitis, and was treated with 2.25 to 9 gm of 5-
FC daily for 50 days (Tassel and Madoff, 1968). John 
P. Utz and his associates (1968) at MCV,VCU 
treated 15 patients who had cryptococcal infections 
with oral 5-FC for 14 to 42 days. They noted 
improvement in 9 of the 11 patients with meningitis. 
However, relapse occurred in four of the nine 
patients. By the 1970s, the development of drug
resistant C. neoformans isolates during 5-FC therapy 
was reported by Edward Block, Anne Jennings, and 
John Bennett (1973). Nevertheless, the utility of this 
drug was fully recognized in the late 1970s, when it 
was used in conjunction with amphotericin B for 
managing cryptococcal meningitis. Synergism 
between these two antifungal agents was demon
strated in the 1970s, which provided new alternatives 
for therapy. 

Smith Shadomy (1969), a bacteriologist by train
ing, while he was at MCV, VCU reported the first 
systematic study of the in vitro susceptibilities of 5-
FC and amphotericin B against C. neoformans. The 
procedures that he developed during this study 
became the basis for preclinical in vitro screening of 
new antifungal molecules at MCV, VCU and other 
centers throughout the world. His antifungal sus
ceptibility testing procedures served as useful tools 
in the clinical laboratory until the early 1990s and his 
pioneer work helped to establish this area within the 
discipline. Smith Shadomy screened most of the 
antifungal agents developed until the late 1980s (T. 
Kerkering; J. Shadomy; J. Utz, personal commu
nications, January 4, 17, and 7, 1994, respectively). 

Laboratory diagnostic methods 

Rapid, reliable, and reproducible methods for the 
diagnosis of fungal infectious diseases were devel
oped in the 1960s. The earlier adaptation of Albert 
Coon's and Melvin Kaplan's (1950) fluorescent
antibody technique by Warren C. Eveland et a!. 
(1957), Gordon (1958), and Ralph Vogel and Joseph 

Padula (1958) demonstrated the potential value of 
this methodology for fungi. Data from these earlier 
studies led to further investigations at the CDC 
using this method for the rapid detection and 
identification of S. schenckii (W. Kaplan and Ivens, 
1960), H capsulatum (L. Kaufman and W. Kaplan, 
1961 ), and B. dermatitidis, C. immitis, C. neoformans, 
H capsulatum, and S. schenckii, (W. Kaplan and 
Kraft, 1969) in formalin-fixed and paraffin 
embedded tissues. The application of the fluorescent 
antibody technique for the detection of fungal cells 
in tissue provided a faster laboratory diagnostic 
method than culture (W. Kaplan, personal commu
nication, January 6, 1994). 

The first demonstration of the "occurrence" of 
cryptococcal antigen (as a serological reactive sub
stance) in body fluids from a patient infected with C. 
neoformans was reported by James Neill, John Sugg, 
and D.W. McCauley (1951) at Cornell University. 
Their discovery led to the development of the 
cryptococcal latex test by Norman Bloomfield, 
Morris Gordon, and Dumont Elmendorf (1963) at 
the New York State Health Department. The latter 
investigators detected the antigens of C. neoformans 
in serum and CSF in nine cases of cryptococcal 
meningitis. This was an important breakthrough 
because previous tests for anticryptococccal anti
body were negative for 60% of serum specimens 
from patients with this infection. A high cryptococ
cal antigen titer was identified as one of the valuable 
indicators for predicting the outcome of cryptococc
cal meningitis (Diamond and Bennett, 1974). Other 
investigators at the VA Hospital, San Fernando, 
California attempted to develop easier procedures 
such as a latex test and other immunodiffusion tests 
rather than the CF test for C. immitis infections 
(Huppert and Bailey, 1965; Huppert, Peterson, Sun, 
Chitjian, and Derrevere, 1968). However, the CF 
test remains the "gold standard" among the serolo
gic tests in coccidioidomycosis. H. I. Lurie and W. J. 
Still (1969), while at MCV, VCU, demonstrated by 
electron microscopy that the halo surrounding S. 
schenckii yeast cells in tissue was not a capsule, but 
an artifact formed by an antigen-antibody complex. 

In 1969, a new culture medium called dermato
phyte test medium (DTM) was developed by David 
Taplin, Nardo Zaias, Gerbert Rebell, and Harvey 
Blank for the simplified diagnosis of dermatophyto
sis involving soldiers during the Vietnam War when 
skin lesions were heavily contaminated with soil 
microorganisms. This medium contained a mould 



inhibitor (cycloheximide), antibiotics (gentamicin 
and chlortetracycline HCL), and phenol red pH 
indicator. Growth of a dermatophyte raised the 
medium's pH as evidenced by a color change from 
yellow to red. 

Taxonomy and classification 

The perfect states of several fungal pathogens were 
described between 1962 and 1967. Lucille Georg, 
Libero Ajello, Lorraine Friedman, and Sherry 
Brinkman (1962), at the CDC and Tulane Univer
sity, described the dermatophyte Microsporum van
breuseghemii and its perfect state. They proposed 
that this dermatophyte be classified in the genus 
Nannizzia as N. grubyia. In 1967, Ajello and Shu
Lan Cheng demonstrated that the granular form of 
Trichophyton mentagrophytes was heterothallic, 
based upon mating studies using monoascopore 
cultures. These authors declared that "the ascosco
pores were characteristic of the genus Arthoderma" 
and named the perfect state ofT. mentagrophytes, A. 
benhamiae, in honor of Rhoda Benham (Ajello and 
Cheng, 1967, p. 231). Irene Weitzman (1964a), who 
was at Columbia University, clarified several taxo
nomic issues concerning the sexual state of Micro
sporum gypseum. Weitzman (1964a) confirmed Phyl
lis Stockdale's (1963) conclusion that M. gypseum 
was the imperfect state of "at least two cleistothe
cium-forrning species, N. incurvata Stockdale and 
Gymnoascus gypseum Nannizzi emend. Griffin" 
(Weitzman, 1964a, p. 433). From the latter findings, 
Weitzman (1964b) also showed that pleomorphism 
in M gypseum was the result of gene mutation and 
therefore "the term pleomorphism was to be dis
carded in favor ofthe term mutation" (p. 203). These 
results represented a portion of Irene Weitzman's 
doctoral dissertation compiled under the guidance 
of Lindsey Olive at Columbia University ("Training 
Trees", Appendix B; I. Weitzman, personal commu
nication, August 8, 1994). 

While Kyung Joo Kwon-Chung was doing her 
doctoral training with Kenneth Raper at the Uni
versity of Wisconsin, Kwon-Chung, D.I. Fennell, 
and Raper (1964) reported the first heterothallic 
species of Aspergillus, which was isolated from soil 
samples collected in Costa Rica and New Zealand in 
1962. The pattern of its conidial structures and 
character of its cleistothecia placed this fungus in 
the A. nidulans group. Kwon-Chung stated that her 
medical mycology career started with this discovery 
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(K.J. Kwon-Chung, personal communication, 
March 14, 1994). H. Jean Shadomy had observed in 
1964, while she was at the NIH, that C. neoformans 
profusely produced true hyphae (J. Shadomy, perso
nal communication, January 17, 1994). She thought 
she had a "contaminant" or a mutant, but later 
(1970) she demonstrated that the hyphae had clamp 
connections that were another growth form of C. 
neoformans. The finding of clamp connections 
linked C. neoformans with the Basidiomycetes, 
which led in 197 5 to the discovery of the sexual stage 
of this fungus by Kwon-Chung. 

The sexual stage of B. dermatitidis was discovered 
by Eugene McDonough and Ann Lewis (1967) 
(Department of Biology, Marquette University). 
Their discovery was made while they were investi
gating the growth characteristics of paired strains of 
B. dermatitidis (Lewis' dissertation research project). 
The cleistothecia contained light colored asci and 
resembled other members of the family Gymnoas
caeae. In 1968, McDonough and Lewis established 
the genus Ajellomyces to accommodate the teleo
morph state of B. dermatitidis in honor of Libero 
Ajello. 

Ecology 

The first report of the isolation of B. dermatitidis 
from nature appeared in 1961 (Denton, McDo
nough, Ajello, and Ausherman). Arthur DiSalvo 
stated that, prior to this report, the ecological niche 
occupied by this fungus was only presumed to be in 
the soil; therefore, this paper should be considered a 
"milestone" of medical mycology. It required 15 
years (1986) to show that B. dermatitidis could be 
cultured from natural soil substrates associated with 
an outbreak ofhuman disease. (A. DiSalvo, personal 
communication, May 9, 1994). DiSalvo was J. Fred 
Denton's student at the Medical College of Georgia 
in Augusta ("Training Trees", Appendix B). 

Dimorphism mechanisms 

The transformation from the mycelial form to the 
yeast form of H. capsulatum var. capsulatum and B. 
dermatitidis was studied by Dexter Howard at the 
University of California in Los Angeles. Howard 
(1961) thought that the conversion process of the 
dimorphic fungus S. schenckii was similar to that 
observed in these two other fungi. However, S. 
schenckii had two different morphological transfor-
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mations during its transition from the mycelial to the 
yeast form: "the formation of budding structures at 
the tips of the hyphae and the formation of chains of 
oidia and fragmentation of those chains" (p. 467). 
The latter transformation was similar to that 
observed in H capsulatum and B. dermatitidis. 
Howard (1961) nullified the prevalent concept that 
yeasts were only formed directly from conidial cells. 
Leo Pine and Robert Webster (1962), who were at 
Duke University, used the synthetic medium devel
oped earlier by Pine and Carl Peacock (1958) to 
study the conversion of H capsulatum. Pine and 
Webster (1962) observed that the formation of yeast 
cells could occur either by direct conversion of 
microconidia, by budding of hypha! cells, or by 
"monilial" chain formation. Everett Beneke, Walter 
Wilson, and Alvin Rogers (1969) at Michigan State 
University in East Lansing studied the enzymologi
cal basis of conversion in B. dermatitidis and showed 
that this fungus produced acid-and alkaline-phos
phatases in the yeast form (37°C), but little or none 
of these enzymes in the mycelial form. 

Host defenses against yeasts 

Candida albicans 

The capacity of neutrophils to phagocytize C. a/hi
cans also was investigated in the 1960s. C. albicans 
cells were visualized within neutrophils after their 
intravenous inoculation into mice. Donald Louria 
and Robert Brayton (1964) at Cornell University 
found that the candida! cells were phagocytized and 
survived within the host cells. The candida! hyphae 
penetrated viable neutrophils in vitro. More virulent 
strains had greater capacity to grow out of viable 
leukocytes or circumvent host cellular defenses. 
These results led to the studies conducted at the 
University of California, San Francisco by Robert 
Lehrer and Martin Cline (1969), who measured 
quantitatively the candidacidal activity of human 
leukocytes and serum from normal individuals and 
patients with fungal and other infections. They 
concluded that the neutrophil played an important 
role in resistance to Candida spp. infections and that 
the lysosomal enzyme myeloperoxidase and its oxi
dant substrate, hydrogen peroxide, were the major 
participants in lethal neutrophil activity. Although 
serum factors were necessary for optimal phagocy
tosis, they lacked direct candidacidal activity. It was 

confirmed two decades later (1980s) that neutrophils 
are the most effective killers of most fungal patho
gens. 

Crytococcus neoformans 

Since the 1950s, conflicting results had been 
obtained regarding the capsule of C. neoformans 
and its significance in phagocytosis. Glenn Bulmer, 
M.D. Sans, and C.M. Gunn (1967), at the University 
of Oklahoma, Oklahoma City, established seven 
non-encapsulated mutants of C. neoformans and 
compared their virulence with that oftheir encapsu
lated parents. They observed that the mutant strains 
were initially avirulent for mice but became virulent 
in various degrees following reversion to their 
encapsulated state. Histopathological examination 
of tissue from human cases of cryptococcosis have 
shown for many years that giant cells may contain C. 
neoformans. Because the capsule seemed to be a 
virulence factor, Bulmer and Sans (1967) investi
gated phagocytosis by using mutants. Phagocytosis, 
an immunologic defense mechanism, was approxi
mately three times more effective when nonencapsu
lated mutants were used, which indicated that the 
polysaccharide capsule inhibited phagocytosis of C. 
neoformans. 

Host defenses and Histoplasma capsula tum var. 
capsula tum 

Dexter Howard (1965) studied the effect of environ
mental conditions upon the intracellular generation 
time of H capsulatum, which he previously had 
shown to be constant within mammalian histio
cytes. He demonstrated that monocytes from immu
nized mice did not restrict intracellular proliferation 
and that hyperimmune serum did not alter this 
outcome. Howard (1965) concluded that it was 
"difficult to accept any proposed mechanism of 
immunity that involved the activity of specific 
humoral antibodies" (p. 522). In contrast, Marcus 
Newberry, John Chandler, Tom Chin, and Charles 
Kirkpatrick (1968) studied the stimulation and 
transformation by histoplasmin of peripheral blood 
lymphocytes from both histoplasmin-negative and
positive individuals, as well as patients with either 
acute or chronic histoplasmosis capsulati (CDC and 
University of Kansas). Using a more "sensitive 
indicator" of lymphocyte transformation, the 
uptake of a radioactive DNA precursor, they 



observed that lymphocyte transformation was 
depressed in chronic patients. These results sug
gested that cellular immunity was a major aspect in 
chronic histoplasmosis capsulati. 

DNA studies 

Fungal DNA studies began to be reported in the 
1960s. Roger Storck (1966) at the University of 
Texas, Austin and A. Stenderup and Leth Bak from 
Denmark ( 1968) studied the nucleotide composition 
of DNA from non-pathogenic filamentous fungi and 
18 species of the genus Candida, including the 
opportunistic pathogens C. albicans and C. tropica
lis. They found that the mean base composition, 
most frequently expressed as guanine plus cytosine 
content, varied among the species studied and that 
this kind of analysis appeared to have taxonomic 
and phylogenetic significance. 

Physiology and nutrition 

John Rippon (1967), while at the University of 
Chicago, stated that although the mechanisms of 
disease induction had been investigated for bacteria, 
the factors involved in fungal infections had been 
neglected. Rippon conducted important enzymolo
gic studies between 1967 and 1969 and was able to 
associate the production of elastase with the more 
virulent forms of dermatophytoses. In 1968, he 
demonstrated the production of an extracellular 
collagenase by Trichophyton schoenleinii. The sever
ity of ringworm infections was related to the produc
tion of enzymes, the latter correlating to mating 
types (Rippon and Garber, 1969). Rippon believes 
that these publications were his most important 
contributions. 

According to Rippon, an important contribution 
to the development of medical mycology was the 
delineation of the characteristics that separate fungi 
from other eucaryotic organisms. Fungi biosynthe
tically synthesize lysine by using the alpha L-amino
adipic acid pathway and have chitin in their cell 
walls. These characteristics delineate the uniqueness 
of fungi (J. Rippon, personal communication, 
March 16, 1994). R.H. Whittaker's (1969) proposal 
that fungi should be grouped as a separate kingdom 
was fundamental for the development of medical 
mycology as a science. The three editions (1974, 
1982, 1988) of Rippon's textbook, Medical Mycol
ogy (Appendix C), also were major contributions, 
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because the knowledge gained from basic fungal 
biochemistry, physiology and clinical studies was 
integrated into a single tome. 

Immunotherapy 

Morris Gordon and Edward Lapa ( 1964) found that 
a globulin fraction of serum from rabbits hyperim
munized to C. neoformans significantly enhanced the 
effect of amphotericin B in experimental cryptococ
cosis in mice. Arturo Casadevall attempted to adapt 
this procedure to enhance the treatment of fungal 
diseases in AIDS patients (A. Casadevall, personal 
communication, April 10, 1994). This concept 
aroused a great deal of interest among the members 
of the NIAID- Mycoses Study Group during their 
1994-1996 annual meetings. 

Educational and training contributions: 1950 to 
1969 

Columbia University 

1950 was a year of major changes at Columbia 
University when Gardner Hopkins' retirement 
ended his years of teamwork with Rhoda Benham, 
and Lucille K. Georg accepted a position at the 
CDC. Margarita Silva-Hutner then joined Ben
ham's staff to assume Georg's responsibilities while 
pursuing her doctorate on weekends with William 
Weston in the Botany Department at Harvard. 
Beginning in 1936, Silva-Hutner had worked as a 
mycology assistant in Arturo L. Carrion's labora
tory in Puerto Rico for 11 years, where Carrion 
encouraged her to continue her studies of chromo
blastomycosis under the guidance of his friend, 
William Weston (M. Silva-Hutner, personal com
munication, November 20, 1994). 

In 1956, newly married Silva-Hutner was 
appointed Benham's successor and directed the 
laboratory until her retirement in 1981 (M. Silva
Butner, personal communication, November 20, 
1993). At Columbia, she refined and updated Ben
ham's course by spending its first three weeks teach
ing general mycology so that the students could 
become familiar with fungal structures, and then 
during the last nine weeks concentrating on medical 
mycology. She included the phaeoid fungi, because 
they had been the focus of her doctoral dissertation 
and of her training with Carrion. This course is no 
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longer offered at Columbia (Silva-Hutner, personal 
communication, 1994; I. Weitzman, personal com
munication, August 10, 1994). 

Michigan State University 

An important training program of this era was 
initiated by Everett S. Beneke at Michigan State 
University in 1951. A general mycologist by training 
at the University of Illinois, Beneke took Norman 
Conant's medical mycology course in 1949 at Duke 
University (E. Beneke, personal communication, 
February 22, 1994). In 1951, Beneke began an 
annual ten-week course in medical mycology for 
microbiology and pathology graduate students, 
medical technicians, and physicians. He developed 
an extensive slide culture collection for the identifi
cation of the known medically important fungi. A 
second year course also was given that concentrated 
on experimental infections, including extensive tis
sue work and study of the deep mycoses. During his 
40-year career (35 years at Michigan State Univer
sity), and in workshops offered in various locations 
in the United States, Beneke trained over 2500 
individuals (E. Beneke, Questionnaire). Alvin L. 
Rogers, who trained with Beneke at Michigan State, 
teamed with him in offering the courses and training 
workshops after 1965. 

Beneke and Rogers are well known to students of 
medical mycology as the authors of two important 
books, Medical Mycology, 8th. ed., 1984, the Upjohn 
Co., Kalamazoo, Michigan and Medical Mycology 
Manual and Human Mycoses, 8th. ed., 1996, Star 
Publishers Co., Belmont, California (Appendix C). 
These books have been used as standard textbooks 
for courses dealing with medical mycology including 
courses for medical students and as reference guides 
for clinical laboratories since 1968; they served as 
important tools for furthering the discipline. 

New York University Medical Center (NYU) 

In 1952, Stanley Rosenthal became Assistant Pro
fessor in the Dermatology Department at NYU. 
Then in 1985, he became the Director of the Mycol
ogy Laboratories at the University Hospital and 
Bellevue Hospital until he retired. He took his first 
course in medical mycology in 1953 at Columbia 
University under the guidance of Rhoda Benham 
and Margarita Silva-Hutner. 

The National Institute of Health (NIH) - NCI 

The Clinical Cancer Center (now known as the 
National Cancer Institute [NCI]) was opened at the 
NIH in July 1953. Gerald Bodey, Robert C. Young, 
Philip Pizzo, Thomas Walsh, and Emmanuel Roi
lides are among the scientists who have contributed 
substantially to the development of medical mycol
ogy at this center. In the same year, John P. Utz 
became Chief of the NIH Infectious Diseases Ser
vice and conducted postdoctoral clinical training for 
physicians (Clinical Associates), while Emmons 
continued to provide postdoctoral training to the 
Research Associates. In the Medical Mycology Sec
tion at the NIH, Herbert Hasenclever succeeded 
Chester W. Emmons as Head Mycologist from 
1966 to 1974. He had served under Emmons as a 
Senior Scientist from 1957to 1965. Hasencleverwas 
a bacteriologist by training and learned his medical 
mycology in association with Emmons. Hasenclever 
ably continued the highly regarded and productive 
work of his mentor, and trained Errol Reiss, who is 
now at the CDC in Atlanta. Hasenclever died on 
September 21, 1978, at the age of 54 (Espinel
Ingroff, 1994). 

Emmons continued his medical mycology contri
butions during the 1950s and 1960s. The result of 
such a wealth of experience and knowledge was his 
leading textbook, Medical Mycology, published in 
1963 with Chapman Binford and John P. Utz at the 
invitation of Lea and Febiger (Appendix C). 
Emmons edited three editions. This classic grew out 
of Friday afternoon "Learning and Teaching" ses
sions with Binford and others at the Armed Forces 
Institute of Pathology (J. Utz, personal communica
tion, January 7, 1994; Campbell, 1983). Utz was 
asked to provide needed clinical insight, especially 
in the diagnostic and therapeutic areas. Numerous 
other published reports and findings originated from 
the Friday afternoon discussions, many of them 
breakthroughs in the United States and abroad. 
From 1954 to 1965, Utz trained the clinical associ
ates via morning grand rounds and afternoon 
laboratory sessions. Up to 18 clinical associates were 
at the NIH at any one time, but only a few were 
interested in medical mycology (J. Utz, personal 
communication, January 7, 1994). In 1963, H. Jean 
Shadomy, who had trained and worked with Plun
kett at UCLA, joined Utz to direct his laboratory 
until they moved to the MCV in 1965. 



In 1961, the physician John Bennett came to the 
NIH as a Clinical Associate after finishing his 
house-staff training. He was given permission to 
work and train with Emmons for three years and he 
also substituted for Utz during the latter's sabbatical 
year at the Institut Pasteur in Paris, France. In 1965, 
Bennett took over Utz's position and in 1966, 
Emmons brought Kyung Joo Kwon-Chung to the 
NIH as a "Visiting Fellow" even though she was not 
an American citizen, to help him describing the 
genus Aspergillus for a manual that he was prepar
ing. Kwon-Chung obtained her M.S. and Ph.D. 
degrees at the University of Wisconsin, Department 
of Bacteriology under the guidance of the general 
mycologist Kenneth Raper, a student of John 
Couch. When Emmons retired in 1968, the mycol
ogy laboratory was dismantled and only Kwon
Chung was left in the virology laboratory. Later she 
moved to Bennett's section beginning then their 
collaborative work (K.J. Kwon-Chung, personal 
communication, March 13, 1994). 

Tulane University 

Morris F. Shaffer (1985) was committed to develop
ing a "strong" medical mycology program at Tulane 
University, and in 1955 hired Lorraine Friedman, 
one of Conant's students. Friedman was working as 
a research mycologist at the Naval Biological 
Laboratory, University of California, under the 
supervision of Charles E. Smith. She had obtained 
her doctoral degree in 1951 under the mentorship of 
Norman Conant at Duke University ("Training 
Trees", Appendix B). Friedman soon established a 
sound training component by teaming with other 
faculty and departments, especially with Dermatol
ogy at both Tulane and the Louisiana State Uni
versity Medical School. Friedman and Shaffer 
worked together in 1958 to obtain the first NIH 
mycology training grant, which was renewed 
annually for 30 years (Shaffer, 1985; J. Domer, 
questionnaire). Friedman worked with other faculty 
members to develop a demanding entry process for 
students, the result being a number of graduates who 
have become well known and have made important 
contributions to the development of medical mycol
ogy (Shaffer, 1985; Research section). Among the 
faculty members, J. Donald Schneidau came to New 
Orleans in 1952 when he was appointed Lecturer in 
Mycology in the Department of Tropical Medicine 
and Public Health. He became a Research Associate 
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in the Department of Microbiology at Tulane Uni
versity in 1954. Schneidau earned his doctoral 
degree in 1956 under the direction of Morris Shaffer 
and collaborated with Friedman until he retired in 
1978. He died on June 19, 1994. Angela Restrepo, a 
well known mycologist from Medellin, Colombia 
was Schneidau's student. Judith Domer, another 
graduate under Morris Shaffer and an associate with 
Friedman, became Director of the Mycology Pro
gram in 1980 when the latter retired. (J. Domer, CV; 
"Training trees", Appendix F). 

Friedman's pre-doctoral program soon attracted 
a number of students due to its comprehensive 
curriculum and the opportunity to study with the 
medical faculty, other leading faculty members, and 
outstanding scientists who were frequently brought 
to the University. Each graduate student was 
required to either develop a dissertation or a related 
paper worthy of publication by a journal in her or his 
field. Medical mycology, due to its strong ties to the 
medical schools and centers for tropical medicine, 
was an important component of the training pro
gram. All pre-doctoral trainees were expected to 
take Friedman's medical mycology graduate course, 
a year-long program that encouraged individual 
research and initiative. They also were required to 
rotate among the diagnostic, general mycology, 
dermatology, and clinical laboratories. Friedman 
stayed in close touch with each student to guide their 
work and serve as a mentor when needed (Shaffer, 
1985). 

In addition to diagnostic work, Friedman's 
laboratory became a training and research nucleus 
for dermatology residents and graduate students. 
She led the field in training the first generation of 
molecular-based medical mycologists ("Training 
Trees", Appendix B; G. Kobayashi personal com
munication, July 1, 1993). Included among a long 
list of her graduates are a number of important 
medical mycologists: George Kobayashi at 
Washington University, St. Louis; William Cooper 
who was at Baylor University, Dallas until his death; 
Geoffrey Land at the Methodist Medical Center in 
Dallas; and Thomas G. Mitchell (Conant's succes
sor at Duke University) ("Training trees", Appendix 
B). 

University of California at Los Angeles (UCLA) 

Carlyn Halde considers Orda Plunkett's most 
important contribution while he was at this institu-
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tion to be his training of medical technologists 
during the 1950s. He trained about 50 individuals 
each year (C. Halde, personal communication, 
December 9, 1993). J. Walter Wilson and Plunkett 
coauthored the textbook, Fungous Diseases of Man, 
its first edition was published in 1965. The book 
contains excellent reproductions of Wilson's draw
ings and photographs from Plunkett's slide collec
tion of fungal structures. It proved to be an out
standing tool (Appendix C). 

In 1956, Dexter Howard, a recent bacteriology 
graduate and new faculty member in the School of 
Medicine also began teaching medical mycology at 
UCLA. Howard had studied medical mycology with 
Plunkett, whom he considers his mentor (D. 
Howard, questionnaire), but his course work was 
focused in bacteriology under Gregory Jann. 
Howard either taught or managed the mycology 
section of the microbiology course for medical 
students with help from teaching assistants and 
other faculty until 1988 when it was discontinued. 
McVickar had taught this section of the course 
before Howard. In addition, Howard organized and 
taught medical mycology courses during the week
ends with N. Dabrowa, who was his graduate 
student. Those courses were given since the late 
1970s to medical technologists living in the area. 
During his years at UCLA until his retirement in 
1996, Howard supervised or provided guidance to 
over sixty doctoral students, postdoctoral fellows, 
special fellows, and research associates (D. Howard, 
questionnaire and CV; "Training trees", Appendix 
B). 

University of Oklahoma 

George Cozad obtained his masters degree under 
Michael Furcolow's and Howard Larsh's direction 
at this institution. He then went to Duke University 
and carried out his doctoral studies with Norman 
Conant and received his Ph.D. in 1953. In 1957, 
Cozad returned to Norman as a Research Associate 
in medical mycology to work with Larsh, and in 
1960, he became Assistant Professor in the Depart
ment of Botany and Microbiology. Cozad taught a 
medical mycology course to premedical, senior 
undergraduate, and a few graduate students until 
just before his death (September 29, 1995). Cozad 
also supervised the graduate studies of several 
individuals and was the major professor of Juneann 
Murphy (Ph.D.) and Julie Rhodes (M.S.). Murphy 

received her Ph.D. degree in 1969 and is currently at 
the University of Oklahoma, Oklahoma City, direct
ing a very active basic research laboratory dedicated 
to studies regarding host defenses against C. neofor
mans. In 1960, Glenn Bulmer became a faculty 
member at the VA Medical Center in Oklahoma. 
He had obtained his training with Everett Beneke at 
Michigan State University and in 1965, he obtained 
a career development NIH grant to study phagocy
tosis in C. neoformans infections and the role of the 
capsule of this organism as a virulence factor. 
Robert B. Fromtling, who did his postdoctoral 
studies under the Shadomys at MCV,VCU, was one 
of Bulmer's students ("Training Trees", Appendix 
B). During this decade, Harold Muchmore also 
came to the University of Oklahoma as a faculty 
member in the Medical Microbiology Department, 
where he taught medical mycology to graduate and 
medical students, provided medical mycology train
ing, and conducted important research studies (See 
Scientific Contributions). Both Bulmer and Much
more had retired and Larsh died in 1994. None of 
these individuals have been replaced. Individuals 
who trained under the above medical mycologists at 
the University of Oklahoma are listed in the "Train
ing Trees", Appendix B. 

Temple University 

In 1962, Fritz Blank moved to the Skin and Cancer 
Hospital at Temple University School of Medicine 
from McGill University in Montreal. He established 
a medical mycology training and research program 
with the support of Brown-Hazen grants that he had 
obtained since 1958; he also maintained a diagnostic 
mycology laboratory. Blank was a German-born 
chemist whose early training in Basel, Switzerland 
with Hans Scholer on the chemotherapy of fungal 
infections had brought him into the field. In addi
tion, Blank had studied medical mycology in the 
laboratory of the famous French mycologist, Rai
mond Sabouraud, at the Hospital St. Louis and the 
Institute of Parasitology in Paris, France. 

Medical College of Virginia, Virginia 
Commonwealth University (MCV, VCU) 

In 1965, Utz, J. Shadomy and her husband Smith 
Shadomy moved to MCV, VCU in Richmond, 
Virginia to establish the Division of Infectious 
Diseases in the Department of Medicine. Medical 



mycology was an important element of their training 
and research for the next 28 years. Much of their 
initial work was supported by NIH grants, as well as 
Brown-Hazen training grants in the 1970s (Bald
win, 1981). In 1968, J. Shadomy began offering a 
graduate course in medical mycology for dermatol
ogy residents, microbiology students interested in 
medical mycology, postdoctoral students, fellows in 
infectious diseases, and clinical laboratory person
nel; S. Shadomy, a self-taught medical mycologist, 
was the other faculty member. This three-credit 
course was given in the Department ofMicrobiology 
every other year in conjunction with courses in 
bacteriology, virology, and parasitology. It covered 
the clinical and diagnostic laboratory aspects of the 
pathogenic fungi which were provided during one 
hour lectures and two hour laboratory sessions. In 
addition, the Shadomys and Utz taught medical 
mycology, which was introduced into the MCV, 
VCU curriculum, to the medical and dental school 
students. 

Centers for Disease Control and Prevention (CDC) 

Between 1950 and 1951, Lucille Georg and William 
Kaplan joined Libero Ajello at the CDC. Kaplan 
had trained as a veterinarian at Cornell University, 
but he received his medical mycology training with 
Ajello and Georg. Kaplan participated as a faculty 
member, until he retired in the 1980s, in the various 
medical mycology courses and workshops that 
Ajello and his group offered at the CDC. By 1959, 
Leo Kaufman had moved from the University of 
Kentucky to began his career at the CDC, where he 
established the National Center for Fungal Serology 
in 1964. Kaufman also obtained an appointment at 
the Georgia State University, Department of Micro
biology and at the Emory University, Department of 
Dermatology. In addition, he directed the studies of 
ten doctoral candidates, including Paul Standard. In 
1963, Leo Pine joined Ajello's team after working in 
the laboratories of Chester Emmons at the NIH, 
Norman Conant at Duke University, and in 1963 
with Edouard Drouhet, Francois Mariat, and Gab
riel Segretain at the Institut Pasteur in Paris, France. 
Pine was awarded MMSA's Benham Medallion in 
1987 and died on December 29, 1994. The names of 
the individuals who trained under these investigators 
are listed under Appendix B ("Training Trees", 
Appendix B) and their research contributions under 
the scientific sections. The first CDC Laboratory 
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Manual for Medical Mycology was published in 
1963 (Appendix E). Co-authored by Libero Ajello, 
Lucille Georg, William Kaplan, and Leo Kaufman, 
this manual instantly became a major training tool 
and reference guide. Most state laboratories and 
many hospitals and university centers used the 
manual extensively as a self-teaching instrument 
and reference "bible". 

Beginning in 1968, Leanor Haley, who had been 
Norman Conant's first doctoral student, came to the 
CDC as Chief of the Clinical Medical Mycology 
Training Branch. Hilliard Hardin preceded Haley in 
this position as the demand for more medical 
mycology training led to the creation of this training 
program. Haley's charge was to bring training 
opportunities to health centers and hospitals across 
the United States where they were needed. She was 
asked to focus on the clinical aspects of fungal 
diseases and she modified the existing CDC training 
program to include histopathology and differential 
diagnosis. Haley initiated three short courses and 
workshops (e.g., three days) on specific topics such 
as serology, etc. The four-week course covered all the 
pathogenic fungi and included lectures, identifica
tion of unknown cultures and slides, and studies of 
clinical problems and case reports (last week). The 
two week course on the dermatophytes covered the 
isolation and identification of these fungi in the 
clinical laboratory as well as their clinical lesions 
and therapy. An advanced clinical medical mycol
ogy course included clinical cases, histopathology, 
and the identification and study of rare systemic and 
opportunistic fungal pathogens. Students were 
divided into teams that worked on a case history to 
present in class for review (L. Haley, personal, 
communication, December 31, 1993). 

An important part of Haley's training curriculum 
was her handbook, Laboratory Methods in Medical 
Mycology (Appendix C). It was first published in 
1964 under the title, Diagnostic Medical Mycology, 
while she was at Yale University. This manual 
enabled laboratory personnel to duplicate in the 
laboratory what Norman Conant and his coauthors 
stated was necessary to diagnose fungal diseases 
rapidly and accurately, as well as the fungi causing 
them (L. Haley, personal communication, Decem
ber 31, 1993). Like the other CDC faculty, Haley 
specialized in training public health graduate stu
dents who conducted projects at the CDC (approxi
mately 30, including 15 postdoctoral students). 
Individual bench training, tailored to the needs of 
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the students, was given that included unknowns, 
case histories, histopathologic material, and daily 
one-on-one sessions. In the meantime, Ajello and his 
team continued teaching short, three day, specia
lized training workshops. 

University of Arizona 

James T. Sinski came to this university in 1966 as 
Associate Professor in the Department of Micro
biology and Immunology. He obtained his Ph.D. 
degree under the direction of the general mycologist, 
JohnS. Karling, at Purdue University. Sinski carried 
out his postdoctoral medical mycology training at 

Tulane University at Lorraine Friedman's labora
tory. During Sinski's tenure at the University of 
Arizona (1966 to 1996), he taught general and 
medical mycology graduate courses and received 
the Outstanding Teacher Award for several years. 
The individuals who trained under Sinski are listed 
under Appendix B ("Training Trees", Appendix B). 
In the 1970s, the physician John Galgiani became a 
faculty member at the VA Hospital and established a 
medical mycology research laboratory at this institu
tion. Galgiani conducted his postdoctoral medical 
mycology training at the laboratory of David Ste
vens (See Chapter VI). 



V. The years of expansion: 1970 to 1979 

Figure 81. Herbert F. Hasenclever (pp. 89, 96) and Kyung Joo 
Kwon-Chung (pp. 89-90) in 1970 (Courtesy of Dr. Sinski) 

Figure 82. Errol Reiss (pp. 89, 96-97) 

Figure 83. Michael McGinnis (3rd) (pp. 89, 90, 98), his mentor Libero Ajello, and Arvind Padhye at CDC (pp. 87, 97) (Courtesy of Dr. 
McGinnis) 
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Figure84. Hillel Levine (p. 91) (Courtesy of Dr. DiSalvo) 

Figure 85. Norman Goodman's Mycology Workshop in 1972. Seated: Glenn Roberts (5th); Third row: Ernest Chick 
(lsl), Howard Larsh (5th), and Norman Goodman (6th) (pp. 94-95) (Courtesy of Dr. Goodman) 



Figure 86. Faculty Mycology Workshop in 1970s. Seated: Norman Goodman (2nd) and Norman 
Conant (3rd). Second row: Ernest Chick (1st), and Michael Furcolow (2nd) (pp. 94-95) (Courtesy 
of Dr. Goodman) 

Figure 87. Fritz Blank (first row, 3rd). First row: Jan Schwarz (1910-994) (1st) and Ernest 
Chick (4th); Second row: Morris Gordon (1st) and Sarah Grappel (3rd) (p. 95) (Courtesy of 
Dr. Gordon) 
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Figure 88. Helen Buckley and John Rippon (p. 95) (MMSA Archives) 

Figure 89. Eric Jacobson and his student Karin Nyhus (p. 96) (Courtesy of Dr. Jacobson) 



Figure 90. Gilbert Dalldorf (3rd) and first Dalldorf Fellow, Thomas Kerkering (2nd) and his 
mentors Smith Shadomy (1st) and H.J. Shadomy (p. 96) (Courtesy of Dr. H.J. Shadomy) 

Figure 91. Richard Calderone (I st) (p. 97), Nina Dabrowa, and Dexter Howard (MMSA 
archives) 
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Figure 92. Milton Huppert (p. 98) (Courtesy of 
Dr. Rippon) 

Figure 94. Elmer Brummer (p. I 00) 

Figure 93. Bill Cooper (pp. 98-99) (Courtesy of 
Dr. Domer) 
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1926- 1936 
• 1940-1949 
• 1950-1979 

Figure 95. Map of the United States showing the training and research centers up to 1979 (Designed by the author). 
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Overview: 1970 to 1979 

During the years of expansion, the science of medi
cal mycology flourished in research and training as 
major scientific events changed and enlarged the 
importance of fungal diseases in clinical medicine. 
There was an increase in the spectrum of available 
antibiotics, immunosuppressive and cytotoxic ther
apeutic agents, and their use. The latter two targeted 
the hematopoietic cells of the neutrophil lineage in 
the host and rendered patients highly susceptible to 
opportunistic fungal infections. The increased inci
dence and prevalence of fungal infections led to the 
development of numerous rapid tests for the detec
tion of fungi in clinical specimens and the identifica
tion of fungi in the clinical laboratory. Techniques 
for the direct demonstration of Candida spp. cells in 
blood samples were improved and commercial yeast 
identification systems for the differentiation of medi
cally important yeasts recovered in the clinical 
laboratory were developed, e.g., the API 20C Yeast 
Identification System. Ira Salkin stated that the API 
20C was the first commercial product that permitted 
rapid and accurate identification of the majority of 
pathogenic yeasts (1. Salkin, questionnaire). 

When it became evident that the detection of 
antibodies was not a reliable laboratory tool for the 
diagnosis of invasive aspergillosis and candidiasis, 
alternative approaches began to be investigated like 
the detection of fungal antigens and metabolites. The 
identification of dimorphic fungi in vitro was simpli
fied by the development of the exoantigen test. The 
availability of this test and other simplified proce
dures stimulated interest in medical mycology 
among microbiologists and physicians, and demon
strated the need to develop training programs, work
shops, and courses. These tests simplified diagnosis, 
improved patient care, standardized methodology 
for defining fungi, and made yeast identification cost 
effective in the laboratory. Rapid and commercially 
available tests (serologic and non-serologic) were 
considered a major contribution to the development 
of the discipline by 24.7% of the questionnaire 
respondents (Table 4, Appendix A). 

Data from large, cooperative therapeutic trials 
established the regimen of choice in treating crypto
coccal meningitis. Ketoconazole, an important 
azole antifungal agent, was developed by Janssen 
Pharmaceuticals in Belgium. In the late 1970s, the 
Mycoses Study Group, later known as the National 
Institute of Allergy and Infectious Diseases Mycoses 

Study Group (NIAID-MSG), was formed under the 
sponsorship of NIAID. These MSG physicians saw 
the need to conduct systematic studies of fungal 
diseases and their therapies by developing collabora
tive protocols. John Bennett, Richard Duma, Ger
ald Medoff, and William Dismukes met informally 
at Chicago's O'Hare Airport in the late 1970s and 
selected Dismukes from the University of Alabama 
in Birmingham as the chair of the group. The first 
NIH grant for these studies was awarded in 1978 (W. 
Dismukes, personal communication, January 8, 
1994; M. Saag, personal communication, December 
21, 1993). Michael Saag, who trained under Dis
mukes ("Training Trees", Appendix B), stated that 
the effect of the NIAID-MSG contributions to the 
development ofthe discipline was dual, medical and 
global. From the "medical point of view, its main 
contribution was the evaluation of oral antifungal 
agents for the treatment of systemic mycoses". From 
the "global point of view, NIAID-MSG crystallized 
thinking about the importance of systemic mycoses 
and brought attention to the field" (M. Saag, perso
nal communication, December 21, 1993). The 
NIAID-MSG heightened awareness of the disci
pline and focused attention upon fungal diseases. It 
has served as a catalyst and standard for conducting 
multicenter, prospective clinical trials, and has 
emphasized the advantages of collaborative clinical 
investigations. Since then, the management and 
understanding of fungal diseases have been 
enhanced by this group of physicians (W. Dismukes, 
personal communication, January 15 , 1994; J. 
Perfect, questionnaire). 

Pathogenesis and host-parasite interaction studies 
continued in the 1970s with the development of 
animal models to investigate the mechanisms of 
phagocytosis and cell-mediated host defense. Ana
lysis of the immunochemistry of both mycelial and 
yeast forms of B. dermatitidis, C. albicans, H. capsu
latum var. capsulatum and the major antigens of P. 
boydii were performed. The perfect states of other 
fungal pathogens were described, and the clinical 
nomenclature and taxonomy of human pathogenic 
species of phaeoid fungi were clarified. The discov
ery of the sexual states permitted further genetic 
studies and more accurate taxonomic treatments 
reflecting phylogenetic relationships. 

From 1972 to 1990, the Brown-Hazen Fund was 
devoted exclusively to support research and training 
in medical mycology. Among the several scholar
ships granted, the DalldorfPostdoctoral Fellowship 



was awarded annually (1978-1988). The purpose of 
the Fellowship was to encourage individuals with 
appropriate education and training to undertake 
research careers in medical mycology by obtaining 
specialized training and experience (Research Cor
poration, 1990). 

A postdoctoral research and training program in 
medical mycology was established in 1972 at 
Washington University. In the fall of 1974, Thomas 
Mitchell succeeded Norman Conant as Director of 
the Medical Mycology Laboratory at Duke Uni
versity (T. Mitchell, personal communication, Jan
uary 12, 1994). Wiley Schell, who trained under 
Michael McGinnis at the University of North Car
olina, was recruited to supervise the Clinical Mycol
ogy Laboratory at Duke University. In 1977, David 
Durack came to Duke as Chief of the Division of 
Infectious Diseases and recruited John Perfect. 
Perfect, a clinician-researcher, has focused on 
experimental cryptococcosis and molecular studies, 
and as an active member of the NIAID-MSG, he has 
participated in several clinical trials conducted by 
this group. 

By the end of 1979, medical mycology research 
and training was conducted at a number of other 
centers: University of Kentucky by Ward Bullock 
and Norman Goodman, Santa Clara Valley Medical 
Center by David Stevens, University of Arizona by 
John Galgiani, University of Alabama by William 
Dismukes, University of Texas MD Anderson Can
cer Center by Roy Hopfer and Gerald Bodey, 
University of North Carolina at Chapel Hill by 
Michael McGinnis, University of Texas Health 
Science Center at San Antonio by David Drutz, 
Milton Huppert, Marc Weiner, and John Graybill, 
University of California, Davis by Paul Hoeprich 
and Demosthenes Pappagianis, Johns Hopkins Uni
versity by William Merz, and the Mayo Clinic by 
Glenn Roberts. New investigators who became 
active in the field at recognized centers included: 
Juneann Murphy (University of Oklahoma-Nor
man), Errol Reiss and Arvind Padhye (CDC), Carol 
Kauffman (VA Medical Center - University of 
Michigan-Ann Arbor), Ana Espinel-Ingroff, Eric 
Jacobson, and Thomas Kerkering (Medical College 
of Virginia), and Judith Domer (Tulane University). 
Elizabeth Hazen, one of the two discoverers of 
nystatin, died on June 24, 1975. 
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1970 to 1979 

Immunocompromised patients versus opportunistic 
fungal infections 

Review of all autopsies (3374) conducted at the NIH 
from July 1953, when the Clinical Cancer Center 
opened, until January 1968 disclosed 98 cases of 
fatal aspergillosis (Young, Bennett, Vogel, Carbone, 
and De Vita, 1970). The most perplexing feature of 
these cases of aspergillosis was the difficulty in 
culturing the fungus antemortem (only 34%). 
Richard Meyer, Lowell Young, Donald Armstrong, 
and Bessie Yu (1973) found that cases of aspergillo
sis doubled between 1969 and 1970 at the Memorial 
Sloan-Kettering Cancer Center in New York City 

Carol Kauffman eta!. (1978) reported 58 histo
plasmosis capsulati cases in immunosuppressed 
patients between September 1953 and December 
1957 at the Indiana University Medical Center and 
the University of Cincinnati Medical Center. Serolo
gical diagnosis was not helpful among these patients. 

A higher incidence of disseminated C. tropicalis 
infections, which previously had been associated with 
only 20 to 25% of candidiasis cases, began to appear 
in the literature. John Wingard, William Merz, and 
Rein Sara! (1979) found that 15 of 18 candidiasis 
cases were caused by C. tropicalis during a 12-month 
period at the Johns Hopkins Oncology Center. Merz, 
who did his postdoctoral work at Columbia Uni
versity with Margarita Silva-Hutner, stated that the 
creation in the late 1970s of the Oncology Unit at 
Johns Hopkins stimulated medical mycology 
research at that institution. Merz emphasized the 
importance of working in collaboration with physi
cians in order to produce laboratory and clinical data 
(W. Merz, personal communication, January 5, 
1994). This collaborative group demonstrated for 
the first time that surveillance studies are important 
and that colonization with C. tropicalis results in 
problems among oncology patients. 

Phaeohyphomycosis 

The new species Phialophora parasitica was isolated 
from a subcutaneous infection in a kidney transplant 
patient by Libero Ajello, Lucille Georg, Roy Steigbi
gel, and C.J.K. Wang in 1974. The kidney transplant 
patient, who was on immunosuppressive mainte
nance therapy at Stanford University Hospital, 
developed an abscess on the left arm, which drained 
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small amounts of a yellow exudate (Ajello et a!., 
1974). The lesion increased in size, and the entire 
granulomatous mass ( 1 em) was surgically removed, 
after which, the patient was free of further infection. 
Biopsy material revealed numerous granulomata in 
the dermis, with a central core of necrosis that 
contained septate, branched, phaeoid hyphae. Fun
gal colonies were white at the periphery with a 
grayish brown center. Microscopic examination 
revealed "the presence of numerous hyaline, ovoid 
to cylindroid conidia and simple phialides without 
collarettes" (Ajello eta!., 1974, p. 493). The fungus 
was named P. parasitica because it resembled other 
members of the genus Phialophora. The term phaeo
hyphomycosis was proposed by Ajello eta!. (1974) 
as a collective name for mycoses caused by several 
species of phaeoid fungi, when phaeoid hyphal 
tissue-form cells were seen in contrast to the muri
form tissue cells of chromoblastomycosis. A clear 
distinction was made between chromoblastomyco
sis, which is also caused by phaeoid fungi, and the 
subcutaneous abscesses seen in their patient. His
torically, these two types of infections would have 
been described under the single name chromomyco
sis; but the latter term has been rejected by most 
mycologists. 

Epidemiology 

The prevalence and higher incidence of fungal 
infections continued being documented during the 
1970s. Michael Furcolow, Ernest Chick, John 
Busey, and Robert Menges (1970) at the University 
of Kentucky reviewed all proven cases of blastomy
cosis in humans (1476 cases) and dogs (384 cases) in 
the United States and confirmed earlier reports by 
the Veterans Administration- Armed Forces coop
erative study, that had delineated the endemic areas 
of this disease. 

Clinical studies: Antifungal therapy 

In the beginning of the 1970s, two antifungal drugs 
were available for the systemic treatment of fungal 
diseases, amphotericin Band 5-FC. Amphotericin B 
had toxic side effects, and 5-FC was effective only 
against certain yeasts. Antibacterial therapy had 
been improved through the synergistic effect of two 
antibiotics. Antifungal therapy was also improved 
when at Washington University, Gerald Medoff, M. 
Comfort, and George Kobayashi (1971) discovered 

that the synergistic antifungal activity of amphoter
icin Band 5-FC against yeasts in vitro was ten times 
greater than the activity of each drug alone. The 
synergistic mechanism was the result of the 
increased entry of 5-FC into yeast cells that was 
potentiated by amphotericin B (Medoff, Kobayashi, 
Kwan, Schlessinger, and Venkov, 1972). The syner
gistic effect of amphotericin B and 5-FC also was 
demonstrated in experimentally infected mice by E. 
Titsworth and E. Grunberg (1973), who worked at 
Roffman-LaRoche Nutley in New Jersey. 

Based on the reports originating from Washing
ton University regarding the synergistic activity of 5-
FC and amphotericin B, two collaborative studies 
were designed to evaluate this combination in the 
treatment of human cryptococcosis. The first study 
was an uncontrolled prospective evaluation con
ducted from May 1971 to November 1973 at MCV, 
VCU in Richmond and the University of Virginia in 
Charlottesville by John P. Utz eta!. (1975). Fifteen 
of the 20 patients treated had C. neoformans menin
gitis; of these 15 patients, 12 were cured and no 
patients relapsed. These encouraging results led to a 
second prospective, randomized collaborative study 
involving I 0 institutions to compare six weeks of 
combined amphotericin B and 5-FC therapy with 
six weeks of amphotericin B therapy alone in 50 
patients with cryptococcal meningitis (Bennett et 
a!., 1979). The amphotericin B regimen was similar 
to that advocated by David Drutz et a!. in 1968. 
Because the combined therapy produced fewer fail
ures and relapses (3 versus 11 ), sterilized the CSF 
more rapidly, and was less nephrotoxic than ampho
tericin B alone, John Bennett eta!. (1979) concluded 
that, "this is the regimen of choice for cryptococcal 
meningitis" (p. 131). However, during the 1980s, C. 
neoformans infections in AIDS patients were Jess 
responsive to this regimen, which stimulated the 
search for alternative therapeutic regimens for this 
and other fungal infections in this patient popula
tion. 

Fungal molecular genetics 

The first report of the successful release of living 
protoplasts from albino and brown types of H 
capsulatum var. capsulatum was published by 
Martha Berliner and Maria E. Reca (1970), who 
were at the Harvard School of Public Health. The 
production of spheroplasts was important for study
ing the cell wall composition, physiology, cytology, 



and genetics of fungi. At the University of Houston, 
Ayodele Olaiya and Stephen Sogin (1979) compared 
microfluorometrically the flow of the DNA content 
ofhaploid, diploid, triploid, and tetraploid strains of 
Saccharomyces cerevisiae with the DNA content of 
C. albicans. They found that C. albicans contained a 
diploid amount of DNA. This discovery ruled out 
the preconceived idea that C. albicans was a haploid 
yeast like the other species of this genus and led to 
important investigations on the genetics of fungi 
during the 1980s and 1990s. 

Immunochemistry 

The immunochemistry of fungal products also was 
studied in the 1970s by Judith Domer and Errol 
Reiss, among others. Domer obtained her Ph.D. 
degree at Tulane University where her special inter
est in histoplasmosis capsulati was intensified when 
she acquired this disease in the laboratory. She 
recovered under the medical care of John Seabury. 
Domer (1971) investigated the content of the myce
lial and yeast forms of B. dermatitidis and H. 
capsulatum var. capsulatum and found two chemo
types of this variety based on chitin and glucose 
content. She found no evidence of chemotypes in B. 
dermatitidis. R.E. Syverson, Helen Buckley, and 
Charlotte Campbell (1975) at Harvard School of 
Public Health, on the other hand, compared the 
cytoplasmic antigenic composition of the two mor
phologic forms of C. albicans by two-dimensional 
crossed line electrophoresis. They found six distinct 
soluble antigenic constituents in each form that were 
not present in the other form. 

Errol Reiss, S.H. Stone, and Herbert Hasenclever 
(1974) demonstrated that the cell walls of C. albicans 
contained three cell wall fractions and mannan, 
while Reiss was conducting his postdoctoral 
research in Hasenclever's Laboratory at the NIH. 
The cell wall fractions, peptidoglucomannan, solu
ble mannoglucan, insoluble mannoglucan, and 
mannan, were antigenic and elicited delayed-type 
hypersensitivity, as measured by skin test and spe
cific inhibition of macrophage migration. The struc
ture of the cell wall mannan separated C. albicans 
into two serotypes, A and B (Hasenclever and W. 
Mitchell, 1961). David Lupan and John Cazin 
(1976) at the Universities of Nevada and Iowa 
isolated and characterized the two major active 
antigens from culture filtrates of P. boydii (antigen 
1) and its anamorph, Scedosporium apiospermum (as 
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M apiospermum) (antigen 2), by ion-exchange chro
matography. Both antigens were immunologically 
identical by immunodiffusion tests. Lupan and Tho
mas Kozel were Cazin's students at the University of 
Iowa ("Training Trees", Appendix B). The patho
genicity of this fungus was confirmed in both the 
sexual and asexual forms (Lupan and Cazin, 1973). 

Taxonomy and classification 

The perfect states of three fungal pathogens were 
discovered between 1972 and 1975 by Kyung Joo 
Kwon-Chung at the NIH. Chester Emmons wanted 
Kwon-Chung to study the genetics of the dermato
phytes, because medical mycologists were not 
trained in the genetics of other human pathogens. 
However, she focused on the more invasive fungal 
pathogens. By 1969, Kwon-Chung had studied the 
cytology of C. immitis and discovered that it had 
three chromosomes (J. Kwon-Chung, personal com
munication, March 14, 1994). She then studied the 
ecology of H capsulatum var. capsulatum and dis
covered the sexual reproductive cycle of this fungus 
in 1972. Kwon-Chung (1972) identified the two 
mating types of H. capsulatum (+ and-) among 
natural as well as clinical isolates and named its 
teleomorph, Emmonsiella capsulata, in honor of 
Chester Emmons. As a sequelae of this discovery, 
Kwon-Chung (1975a) reported that the "sexual state 
of H duboisii was identical to Emmonsiella capsu
lata" (p. 980), because cleistothecia and ascospores 
produced by both mating types of H capsulatum and 
H. duboisii were identical to those of E. capsulata. 
Therefore, she treated H duboisii as a variety of H 
capsulatum rather than a separate species. In 1979, 
Michael McGinnis and Barry Katz transferred E. 
capsulata to the genus Ajellomyces, which was 
named to honor Libero Ajello. 

From observations reported by Jean Shadomy 
(1970) at MCV, VCU and Kyung Joo Kwon
Chung's knowledge that many fungi have a sexual 
state, the latter found a basidiomycetous form in 
four pairs of C. neoformans isolates after a 3-week 
incubation period: 1 week at 25°C and 2 weeks at 
15°C (Kwon-Chung, 1975b). In her search for the 
sexual stage of C. neoformans, J. Shadomy had used 
only strains isolated from humans. Kwon-Chung, 
on the other hand, thought that perhaps these 
isolates belonged to only one of the mating types. 
The latter investigator decided to test environmental 
strains and used John Bennett's collection of envir-



90 

onmental isolates from Denmark. In order to have a 
stable C. neoformans sexual state, Kwon-Chung 
developed a sucrose (40%) agar medium that con
tained all the ingredients useful for fungal growth. 
The basidial structures found by Kwon Chung 
(1975b) showed a close relationship with the genus 
Filobasidum, a basidiomycetous genus described by 
Lindsay Olive. She observed enough differences to 
warrant the description of a new genus. Kwon
Chung "knew that she had a new genus because it 
did not look like anything else that she had seen 
before" (J. Kwon-Chung, personal communication, 
March 14, 1994). She then discussed her discovery 
with Olive, who had transferred from Columbia 
University to the University of North Carolina at 
Chapel Hill, and established the new genus Filobasi
diella in 1975 based upon F neoformans. It is now 
known that F neoformans has two varieties, var. 
neoformans (anamorph, C. neoformans var. neofor
mans) and var. bacillisporus (anamorph, C. neofor
mans var. gattii) (Kwon-Chung, 1992; personal 
communication, March 14, 1994). 

In 1977, the fungal taxonomist Michael McGinnis, 
while he was at the University of North Carolina, 
Chapel Hill, summarized and established the clinical 
nomenclature and clarified the taxonomy of nine 
human pathogenic species of the genera Exophiala, 
Phialophora, and Wangiella. Saccardo's original clas
sification "was based upon an artificial system that 
does not consider natural relationships" (McGinnis, 
1977, p. 37). The traditional systems had created a 
great deal of confusion due to the pleomorphic nature 
of many of the phaeoid fungi and the variation in 
generic and specific concepts used by earlier taxono
mists. McGinnis provided excellent descriptions of 
the taxonomic features of each species, which were 
accompanied by photomicrographs useful for the 
identification of these fungi in the clinical laboratory. 

Laboratory diagnostic methods 

The high incidence of Candida spp. infections led to 
the development of improved and efficient tools for 
the diagnosis of candidemia in the clinical labora
tory. These new diagnostic tools were evaluated by 
medical mycologists working in service laboratories, 
thereby developing applied research data. Conven
tional blood culture techniques were compared with 
the Sterifillysis-filtration (Millipore Corp., Bedford, 
MA) by Richard Komorowski and Silas Farmer 
(1973); commercially prepared vacuum blood-cui-

ture bottles (Albimi and Difco) were evaluated by 
Nelson Gantz, Judith Swain, Antone Medeiros, and 
Thomas O'Brien ( 197 4 ); biphasic and vacuum blood 
culture bottles were compared by Glenn Roberts, 
Carlyle Horstmeier, Marsha Hall, and John 
Washington (1975); the diagnostic efficiency of two 
commercially prepared biphasic media (BBL Micro
biology Systems) were assessed by L. M. Caplan and 
William Merz (1978); and the diagnostic value of a 
new blood culture centrifugation technique was 
examined by Gordon Dorn, Geoffrey Land, and 
George Wilson (1979). Data from the evaluation of 
these new systems indicated that vented biphasic 
blood culture bottles, venting of broth cultures, and 
the centrifugation technique yielded more rapid and 
optimal recovery (83%) than the conventional broth 
culture technique (67%). During the 1980s, the 
commercially available lysis centrifugation isolator 
(E.I. duPont de Nemours and Co., Inc., Wilmington, 
Del.) was found to be the most sensitive and rapid 
method for isolating yeasts and filamentous fungi 
from blood by Jacques Bille et a!. (1983). The 
detection of fungemia was increased 36.6% by the 
Isolator, which also was found superior to the Bactec 
radiometric system (Johnston Laboratories, Cock
eysville, MD) by Roy Hopfer, Karen Mills, and 
Dieter Groschel (1979). 

In addition to improved techniques for the direct 
demonstration of Candida spp. cells in blood cul
tures, indirect methods were developed for the 
diagnosis of candidiasis. Immunologically based 
procedures, such as skin tests and the measurement 
of serum antibodies, had provided unsatisfactory 
results as diagnostic tools for Candida spp. infec
tions. Investigators began to develop assays to detect 
candida! antigens or metabolites (Miller, Witwer, 
Braude, and Davis, 1974; Weiner and Yount, 1976; 
Kiehn, Bernard, Gold, and Armstrong, 1979; Segal, 
Berg, Pizzo, and Bennett, 1979). Although these 
alternatives were promising, they lacked specificity 
and sensitivity. The efforts in the ensuing years were 
directed toward the detection in serum of Candida 
D-arabinitol, enolase, and cell wall mannoproteins 
by more advanced technologic approaches, such as 
DNA-based methods. 

Two approaches were investigated for the immu
nodiagnosis of aspergillosis. John Schaefer, Bessie 
Yu, and Donald Armstrong (1976), at the Memorial 
Sloan-Kettering Cancer Center and Cornell Univer
sity, found that "biweekly immunodiffusion tests 
(modified Ouchterlony's test) for Aspergillusfumiga-



tus antibodies were helpful for the clinical diagnosis 
of invasive aspergillosis in a high-risk population" 
(p. 328). The second approach was the development 
of tests for the detection of antigens of A. fumigatus 
in serum (Lehmann and Reiss, 1978; Weiner and 
Coats-Stephen, 1979; Weiner, 1980). Although the 
first approach is used frequently today for the 
diagnosis of non-invasive aspergillosis, the second 
approach seems to have a greater potential for the 
immunodiagnosis of invasive disease, especially in 
the immunocompromised host. Negative precipitin 
tests do not rule out invasive disease. The nature of 
the antigen detected, a ga1actomannan, was 
reported by Errol Reiss and Paul Lehmann (1979), 
while Lehmann was a postdoctoral fellow with Reiss 
at the CDC ("Training Trees", Appendix B). 

Several commercial kits for the identification of 
yeasts in the clinical laboratory were developed in 
the 1970s. At the time conventional methods were 
tedious and time consuming despite the modifica
tions of the methods of Lynferd Wickerham and 
Kermit Burton (1948) by Geoffrey Land, E.C. 
Vinton, G.B. Adcock, and J.M. Hopkins (1975) 
from the Wadley Institutes of Molecular Medicine 
in Texas. The first evaluation of the API 20C Yeast 
Identification System (API Laboratory Products, 
Ltd., Plainview, NY) was performed in the labora
tory of Glenn Roberts at the Mayo Clinic. Roberts, 
Howard Wang, and Gary Hollick (1976) compared 
300 isolates of clinically important yeasts using the 
API 20C system and conventional methods, and 
found that the API 20C system was a useful method 
for yeast identification. A modified version of this 
system is the test used today in most clinical labora
tories; the API computerized database was devel
oped by David Pincus (Questionnaire). This new 
version was evaluated by Land, B.A. Harrison, 
K.L. Hulme, Billy Cooper, and J.C. Byrd (1979). 
Based on Fritz Staib's discovery in 1962 that C. 
neoformans produced melanin when grown on agar 
containing an extract of Guizotia abyssinica seeds, 
Roy Hopfer and Dieter Groschel (1975) at the 
University of Texas M.D. Anderson Cancer Hospi
tal in Houston, and Ira Salkin (1979) at the New 
York State Laboratory developed a 6-h test that 
screened for C. neoformans colonies. 

Paul Standard and Leo Kaufman developed the 
mycologic exoantigen test between 1976 and 1977. 
This important advance was accomplished while 
Standard was conducting research for his public 
health doctoral dissertation at the University of 
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North Carolina at Chapel Hill under the guidance 
of Kaufman from the CDC ("Training Trees", 
Appendix B). By 1975, the identification of the 
fungal pathogens B. dermatitidis, C. immitis, and H 
capsulatum var. capsulatum involved the demonstra
tion of their diagnostic morphology in the mycelial 
form, and the subsequent conversion from the 
mycelial to the tissue form. Using the exoantigen 
test, these transformation steps were eliminated 
because this approach was based on the direct 
three-day detection of specific soluble antigens from 
mature cultures of each fungus. The exoantigen 
method was adapted later for many other fungal 
pathogens. Commercial exoantigen kits have been 
available since the 1980s; however, a negative exoan
tigen test is not always absolute proof that the 
culture is not H capsulatum. During the 1980s, 
DNA based technologies (DNA probes) were devel
oped for the rapid identification of these same 
pathogens. 

In the 1970s, the frequent use of coccidioidin 
(derived from mycelium) for epidemiologic purposes 
when defining exposed populations, or for the diag
nosis of coccidioidomycosis when previous skin tests 
had been negative, or for the prognosis of this 
infection in case of anergy to C. immitis indicated 
that improvement in this skin test reagent was 
needed in certain clinical situations. Hillel Levine, 
Antonio Gonzalez-Ochoa, and David Ten Eyck 
(1973), at the Naval Biochemical Research Labora
tory, compared the reagent prepared by them in 
1969 from cultured spherules with the classic cocci
dioidin of Charles E. Smith and his co-workers 
(1940s). Levine et a!. (1973) found that spherulin 
was more sensitive than coccidioidin. Both reagents 
either together or alone are used today; many 
approaches to purifying these heterogeneous 
extracts and other immunoreactive antigens have 
been attempted. 

Host defenses against yeasts 

Cryptococcus neoformans 

By using both animal models and in vitro assays, 
preliminary basic research advances in understand
ing fungal pathogenesis and host-fungus interac
tions, such as phagocytosis and cell-mediated immu
nity, were accomplished during the 1970s. By 1974, 
it had been established that the host's major defense 
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mechanism against C. neoformans was cell-mediated 
and could be measured by detecting delayed hyper
sensitivity. Juneann Murphy, Jay Gregory, and 
Howard Larsh (1974), at the University of Okla
homa, Norman, developed their first murine model 
to study this mechanism in cryptococcosis. During 
the late 1970s, T-lymphocyte-mediated mechanisms 
appeared to be the primary means of host defense in 
this disease in the murine model. 

Since the 1970s, Richard Diamond has focused 
his studies on the host immune mechanisms in 
opportunistic fungal infections such as aspergillosis, 
candidiasis, cryptococcosis, and zygomycosis. Dia
mond and Anthony Allison (1976), at the Michael 
Reese Hospital in Chicago, established that human 
peripheral blood leukocytes, excluding T cells, could 
kill C. neoformans in the presence of anticryptococ
cal antibodies in vitro. "The killing of C. neoformans 
cells appeared to occur by a nonphagocytic mechan
ism" (Diamond and Allison, 1976, p. 718). Periph
eral blood neutrophils, monocytes, and "activated" 
macrophages had a limited capacity to "ingest" and 
kill C. neoformans. However, ingestion was not 
essential for the anticryptococcal action of phago
cytes. In 1977, Diamond developed a guinea pig 
model of intraperitoneal cryptococcosis, using intra
venous infection to define the relative importance of 
these killing mechanisms in vivo and the effects of 
immunosuppression and immunostimulation. 

As a result of Glenn Bulmer and M.D. Sans' 
(1967) finding that cryptococcal polysaccharide 
inhibits the attachment, but not the ingestion stage 
of phagocytosis, Thomas Kozel and Terrence 
McGaw (1979) at the University of Nevada discov
ered that immunoglobulin G (IgG) is "the principal, 
if not the sole, opsonin in human serum for phago
cytosis of C. neoformans by normal mouse macro
phages" (p. 260). Opsonization, which facilitates 
phagocytosis, involved a direct interaction between 
IgG and the macrophage via an Fc-mediated pro
cess. 

Candida albicans 

For phagocytosis of fungi to occur, phagocytes must 
come in contact with fungal cells. Richard Diamond 
and Raymond Krzesicki (1978) showed that human 
peripheral blood neutrophils could ingest and prob
ably kill C. albicans in vitro. They also showed that 
attachment to neutrophils was inhibited by Candida 
mannans (I to 10 mg/ml). The neutrophils recog-

nized a protein component on the Candida surface 
which was sensitive to chymotrypsin. On the other 
hand, the neutrophil receptors for Candida cells 
were susceptible to chymotrypsin as well as trypsin. 
The damage to Candida cells occurred by oxidative 
mechanisms, which confirmed Robert Lehrer's and 
Martin Cline's findings in 1969.1t is now known that 
both oxidative and nonoxidative mechanisms are 
involved in the killing of C. albicans by neutrophils 
and macrophages. 

Host defenses against dimorphic fungi 

Coccidioides immitis 

During the 1970s, Demosthenes Pappagianis (Uni
versity of California, Davis), who had trained in 
medical mycology under the guidance of Charles E. 
Smith, and David Stevens (Santa Clara Valley 
Medical Center) initiated research on the host 
immune response in resistance to C. immitis. Lovelle 
Beaman, Pappagianis, and E. Benjamini (1977) 
reviewed the literature and concluded that although 
T cells were required for the cell-mediated immune 
response of bacterial infections, their role in C. 
immitis infections was not well defined. Cell
mediated immunity appeared to be associated with 
recovery from coccidioidomycosis (skin test posi
tive), and severe infections were regulated by 
humoral response (high CF titer and skin test 
negative). Beaman et al. (1977) concluded that "the 
effector cells that inactivate the spherules and endo
spores during infection are presumably macro
phages and polymorphonuclear phagocytes and 
that the T-ce11 population was essential for effective 
immunity in mice" (p. 585). 

John Galgiani, Richard Isenberg, and Stevens 
(1978) studied, for the first time in fungi, the sub
stances derived from C. immitis that cause chemo
tactic migration of PMNs to the site of infection in 
vitro. This cellular defense mechanism was mediated 
by the generation of heat-labile complement-split 
fragments, but direct leukotactic properties in the 
absence of serum could be displayed. These results 
suggested to Galgiani et al. (1978) that alternative 
and classical complement pathways were activated 
by mycelial and spherulin filtrates without antibo
dies being required. Therefore, the inhibition of 
migration of PMNs by high concentrations of 
"spherule-derived substances might obstruct efforts 



to limit C. immitis infection" (Galgiani, eta!., 1978, 
p. 864). Galgiani carried out his postdoctoral medi
cal training under the supervision of Stevens 
("Training Trees", Appendix B). 

Histoplasma capsulatum var. capsulatum 

By 1977, Dexter Howard at the University of Cali
fornia, Los Angeles had made the following impor
tant discoveries on cellular immunity in murine 
histoplasmosis: macrophages from immunized ani
mals restricted intracellular growth of H capsulatum 
var. capsulatum; the lymphocyte acted as the med
iator cell and the macrophage acted as the effector 
cell; and partially purified lymphocytes "armed" 
macrophages to suppress the intracellular growth 
of this fungus. However, supernatants from cultures 
of immune lymphocytes did not activate macro
phages (Howard and Otto, 1977). On the other 
hand, Ronald Artz and Ward Bullock (1979) at the 
University of Kentucky studied the suppression 
activity induced by disseminated histoplasmosis 
capsulati in mice in order to understand the immune 
function in humans. They noted a shift of host cell 
activity or immunoregulatory disturbances from a 
suppressor (I to 3 weeks) to a helper mode by week 
8, when mice recovered from the infection. These 
parameters were similar to those observed in 
humans. Both Howard and Bullock continued their 
studies on the cellular immunity against H capsula
tum through the training and development of gradu
ate and postdoctoral students; Howard retired in the 
1990s. 

Host defenses against aspergillosis and zygomycosis 

Richard Diamond, Raymond Krzesicki, Brad 
Epstein, and Wellington Jao (1978) demonstrated 
that neutrophils were also important as host defense 
mechanisms in invasive aspergillosis and zygomyco
sis (as mucormycosis), even though hyphae in the 
lesions were too large to be phagocytized. Light 
electron microscopic observations showed that neu
trophils "attached to and spread over the surfaces of 
hyphae even in the absence of serum" (Diamond et 
a!., 1978, p. 313). This nonphagocytic mechanism 
was followed by severe damage and probably death 
of the hyphae. Damage to the hyphae was inhibited 
by compounds that affect neutrophil surface func
tions, motility, and metabolism. The attachment 
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appeared to activate potential fungicidal mechan
isms in neutrophils. 

Physiology and nutrition 

Geoffrey Land, W.C. McDonald, R.L. Stjernholm, 
and Lorraine Friedman (1975) at Tulane University 
associated morphogenesis of C. albicans with 
changes in respiration, while Land was conducting 
research for his doctoral dissertation under the 
guidance of Friedman. Hyphae "produced more 
ethanol, evolved less C02, and consumed less oxy
gen than yeasts" (p. 126). This suggested to them 
that an abrupt change from an aerobic to a fermen
tative metabolism of glucose occurred. Nickerson's 
(1954) attempts to describe the morphogenesis of C. 
albicans at the cellular level had prompted the 
studies by Land and co-workers (1975). Because 
differences between the predominant cytoplasmic 
proteins of the two forms were not detected, Marcia 
Manning and Thomas Mitchell (1980) at Duke 
University suggested that "proteins unique to each 
phase may serve a regulatory function" (p. 270). 

Bruno Maresca, Gerald Medoff, David Schles
singer, and George Kobayashi (1977) examined 
further the role of sulphydryl groups in determining 
the forms of H capsulatum var. capsulatum growth 
(Salvin, 1949; Pine and Peacock, 1958). Maresca et 
a!. (1977) found that 37°C initiated a series of 
reactions leading to changes in the intracellular level 
of cyclic AMP. The level of cyclic AMP was five-fold 
higher in the mycelium form than in the yeast form, 
"which was an important determinant of the mor
phological form and its disease-producing poten
tial" (Maresca eta!., 1977, p. 447). These investiga
tors also showed that cysteine stimulated oxygen 
consumption in the yeast but not in the mycelial 
forms. 

Etiology and morphology 

Paul Szaniszlo and his students' main research 
interest at the University of Texas at Austin has been 
the morphologic, ultrastructural, and more recently 
the molecular changes associated with the growth of 
both yeast and hypha! forms of one of the phaeoid 
(as dematiaceous) fungi that causes phaeohyphomy
cosis, Wangiella dermatitidis. They use this species as 
a model for most phaeoid pathogens. Szaniszlo, P.H. 
Hsieh, and J.D. Marlowe (1976) described for the 
first time the induction of W. dermatitidis multi-
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cellular muriform (as sclerotic bodies) cells in vitro. 
These bodies appeared to be an intermediate form 
between yeast and hypha! growth. 

Training and education contributions: 1970 to 1979 

Brown-Hazen training funds 

Particularly acute in the 1970s was the demand for 
trained clinical laboratory personnel and the need to 
provide physicians with concise, up-to-date infor
mation on fungal pathogens. Several postdoctoral 
and graduate programs were developed and sup
ported with NIH and Brown-Hazen Program funds. 
The Brown-Hazen funds came from the royalties set 
aside from the invention and sale of the antifungal 
drug nystatin in the 1950s. Initially in 1957, the 
funds were earmarked for basic research in biochem
istry, microbiology, and immunology. By the end of 
the 1960s, Elizabeth Hazen was disturbed by the 
lack of medical mycology grant applications. In 
looking ahead to the expiration of the royalties from 
nystatin in the late 1970s, the Brown-Hazen Awards 
Committee decided to focus their efforts on medical 
mycology (Baldwin, 1981). Training grants were 
determined to be the best way to further the dis
cipline, and in 1970 the Committee sought out 
medical mycology training centers and awarded 
grants to most of them (Research Corporation, 
1971 ). The multiplier effect of these grants to support 
and develop training centers was a major factor in 
the development of the discipline during "the years 
of expansion" in the 1970s. 

In 1977, the Dalldorf Postdoctoral Fellowship 
Award in medical mycology was established to 
honor Gilbert Dalldorf, the first Committee Chair
man and a major force in guiding the work of the 
Brown-Hazen fund. Dalldorf turned to the Infec
tious Diseases Society of America (IDSA) to help 
design a plan for this fellowship program. The 
DalldorfFellowship targeted promising young post
doctoral students, preferably physicians, and pro
vided two years of funding for research in medical 
mycology. Accepted fellows were chosen by the 
IDSA Executive Committee and Brown-Hazen 
Program Committee, based upon their original 
research ideas, sponsorship, and association with a 
"strong" medical mycology center (Research Cor
poration, 1990). Ten fellows, nine physicians and one 
Ph.D. scientist, received awards before the funds 

were depleted in 1991, and many well-known con
tributors to the discipline have emerged as a result of 
this unique training grant ("Training Trees", Appen
dix B). Research contributions from some of these 
individuals are highlighted under the scientific con
tributions sections. 

National Institute of Health (NIH) training grants 

From information gathered through interviews and 
the questionnaire, initially only two medical centers 
were awarded NIH training grants that included 
stipends for students, and six centers received major 
NIH research funding. The first training award was 
given to Tulane University in 1958 (to Lorraine 
Friedman and later to Judith Domer), and it was 
followed by training and research grants awarded to 
Washington University from 1976 to 1992 (George 
Kobayashi, P.I. for training and Gerald Medoff, P.l. 
for research), the University of California, Los 
Angeles (Dexter Howard), and Temple University 
(Helen Buckley). Major NIH funding support as 
Program Project Grants for basic research studies 
was granted to the University of Oklahoma, Nor
man (Howard Larsh) and the University of Cincin
nati (Ward Bullock). H. Jean Shadomy and John P. 
Utz were awarded a training grant (MCV, VCU) 
between 1969 and 1970. Judith Domer stated in 
1994 that these extramural NIH grants, as well as 
the intramural awards for medical mycology studies 
at the NIH and CDC provided important support 
for training and education programs until the late 
1980s and the early 1990s. Figure 95 locates the 
medical mycology training and research programs 
established up to 1979 in the United States. 

University of Kentucky 

Kentucky is in the center of an endemic area for 
blastomycosis and histoplasmosis capsulati. Based 
on a feasibility study, a medical mycology program 
was established at the University of Kentucky and a 
mycology research laboratory at the VA Hospital in 
Lexington in August 1969. Michael Furcolow and 
Ernest Chick were the guiding forces and codirec
tors behind this effort and their research contribu
tions are noted under the scientific contributions 
sections. Norman Goodman, a student of Howard 
Larsh ("Training Trees", Appendix B), was recruited 
in 1971 to direct the training program which con
tinued until 1984 when it was closed (Goodman, 



1985). During the first year, this dual program 
received eight grants from various agencies totaling 
$230000. 

More than 1000 individuals were trained at the 
University of Kentucky between 1971 and 1984 with 
continuing education short-term and long-term 
courses ranging from one month to one week each 
year. Initially two courses were offered and in 1973 
the program was expanded to four courses and a 
two-day clinical conference. The July course 
included the study of all pathogenic fungi; the one
week September course was dedicated to the sys
temic pathogens; the one-week December course 
covered the dermatophytes; and the three-day 
course was dedicated to the serology of the systemic 
fungi. Howard Larsh and Norman Conant came as 
regular faculty members for periods of up to two 
weeks (Chick and Furcolow, 1971; N. Goodman, 
personal communication, May 24, 1994). 

From 1972 to 1977, Brown-Hazen Foundation 
grants were awarded to Michael Furcolow and 
Ernest Chick, and later to Furcolow and Norman 
Goodman to support this comprehensive training 
program in medical mycology (Research Corpora
tion Quarterly Bulletins, 1971 and 1975). The train
ing grants helped to defray the costs to medical 
technologists who had limited budgets and would 
not have been able to attend without financial 
assistance (N. Goodman, personal communication, 
March 14, 1994). The primary target groups for 
training at the University of Kentucky were practi
cing physicians and laboratory personnel doing day
to-day diagnostic bench work. Since 1975, Good
man directed the research of 20 microbiology stu
dents, who carried out medical mycologic studies for 
their dissertations. Nine postdoctoral students, 
including Glenn Roberts, who is currently directing 
the mycology diagnostic laboratory at the Mayo 
Clinic, also had received training at Goodman's 
laboratory ("Training Trees", Appendix B). Roberts 
came to Kentucky as Goodman's postdoctoral fel
low in 1972 after receiving his Ph.D. degree with 
Larsh at the University of Oklahoma. 

Temple University School of Medicine 

Fritz Blank applied again in 1970 and was awarded a 
Brown-Hazen grant of $240 000 to develop a broad 
training and research program over a period of six 
years at the Department of Dermatology at Temple 
University (Baldwin, 1981). The goal of this pro-
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gram was to offer medical mycologic training to 
qualified predoctoral students obtaining M.S. and 
Ph.D. degrees, as well as postdoctoral individuals 
who had a background in microbiology, biochemis
try, or organic chemistry. Several well-known inves
tigators, including Carl Abramson (Ph.D.), Richard 
Calderone, and Roy Hopfer (postdoctoral), received 
medical mycology training under Blank's guidance 
("Training trees", Appendix B). Between 1972 and 
1976, Blank, Sarah Grappel, and R.J. Yu (in 1976) 
offered three, five-day courses (every two years), 
primarily for physicians and microbiologists inter
ested in the science of medical mycology and its 
recent advances. This course emphasized the clinical 
aspects of various mycoses and included an intro
duction to general mycology, as well as a compre
hensive review of the fungi that were known at the 
time to cause human and animal disease. Up to 18 
contemporary medical mycology leaders partici
pated as faculty members or guest speakers for these 
three courses. The medical mycology program 
initiated by Blank at Temple University was termi
nated after his death on April 22, 1977. Grappel 
moved the same year to the Smith, Kline, and 
French Laboratories in Philadelphia and Helen 
Buckley moved to Temple as an Associate Professor 
of Microbiology and Director of the Mycology 
Laboratory at the University Hospital. Buckley 
continued to teach ("Training trees", Appendix B) 
and conduct research in medical mycology at Tem
ple until her death. Her interests were the pathogen
esis of C. albicans. 

University of California at San Francisco 

In 1971, Carlyn Hal de organized and began offering 
workshops in medical mycology at UCSF. These 
workshops brought in well-known medical mycolo
gists as faculty and were established to support 
continuing education for laboratory personnel and 
interested physicians, especially pathologists. Along 
with Halde, important contributors were Michael 
McGinnis, Lean or Haley, Michael Rinaldi, and Mir
iam Valesco, who taught basic medical mycology and 
kept participants up to date on developments in the 
field (C. Halde, personal communication, December 
9, 1993; Halde, Course Manuals, 1971 and 1987). For 
27 years, Halde also contributed the chapter entitled, 
Infectious Diseases: Mycotic, of the book, Current 
Medical Diagnosis and Treatment, that has been 
published annually since 1962. 
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Washington University 

At Washington University, St. Louis, Missouri, the 
medical mycology training and research program 
started in 1972, when the basic scientist George 
Kobayashi obtained a one-year Brown-Hazen train
ing grant. He was trained by Lorraine Friedman 
("Training Trees", Appendix B). The Brown-Hazen 
grant was subsequently renewed for several years 
(1973 to 1976) and these funds enabled this program 
to secure three five-year training grants from the 
NIH that began in 1976 and ended in 1992. The 
program funded four students, including stipends 
and was renewed twice. The principal investigators 
of the program were Kobayashi for training and the 
physician Gerald Medoff for research. The research 
component of the program was divided into four 
major sections that encompassed four aspects of the 
discipline of medical mycology: the molecular biol
ogy and dimorphic nature of H capsulatum var. 
capsulatum, the development of new and rapid 
laboratory diagnostic methods, the study of immu
nological responses and host resistance to fungal 
infection, and the investigation of new antifungal 
therapies (see scientific contributions sections). 

The Washington University program also pro
vided intensive multi-disciplinary training for a 
small group of postdoctoral Ph.D. or M.D. students. 
The goals of the program were to stimulate and 
support sophisticated research in medical mycology 
with the objective of equipping these students for 
faculty positions at other universities, where they 
would conduct medical mycologic activities. These 
postdoctoral students were exposed to medical 
mycology, molecular biology, immunology, and bio
chemistry in addition to clinical and diagnostic 
training opportunities (Kobayashi, 1982; personal 
communication, August 26, 1994). An important 
strength of this program was that it enabled students 
to work with the faculty members in the Divisions of 
Dermatology and Infectious Diseases, the Depart
ment of Microbiology and four hospitals in St. 
Louis, including Barnes Hospital. The program 
emphasized that academic course work for students 
would be closely associated with patient care. Each 
postdoctoral student ("Training Trees", Appendix 
B) benefited from at least two years of individual 
attention and work assignments that included time 
in the clinical laboratories. A number of important 
contributors to basic research in the discipline 
emerged from this program; their studies are sum-

marized under the scientific contributions sections. 
In addition to important research contributions, 
most of the individuals who completed their training 
in this program were able to obtain independent 
funding to continue their careers at other centers. 
(G. Kobayashi, personal communication, Septem
ber 1, 1994). In 1979, the NIH designated this 
institution as one of the medical mycology centers 
in the United States. 

Medical College of Virginia/VCU (MCV, VCU) 

The physician Eric Jacobson, who trained in medical 
mycology under Gerald Medoff and George 
Kobayashi at Washington University, became a 
joint faculty of the Veterans Hospital and the Divi
sion oflnfectious Diseases at MCV, VCU in 1974 to 
conduct basic research on C. neoformans. Since the 
1970s, Jacobson has provided guidance to several 
graduate and postdoctoral students ("Training 
Trees", Appendix B). In the 1970s, the training and 
research climate at MCV, VCU was sufficiently 
strong for the award of the first DalldorfFellowship 
in Medical Mycology to the physician, Thomas 
Kerkering, in 1978. Kerkering studied with Jean 
and Smith Shadomy and Ana Espinel-Ingroff, who 
had been hired to conduct laboratory research in 
1971. The latter is nationally and internationally 
recognized for her work on the standardization of 
antifungal susceptibility tests for yeasts and moulds. 
Kerkering, a fellow in the Division of Infectious 
Diseases, concentrated his research on the develop
ment of a simple diagnostic test for the rapid and 
accurate diagnosis of C. albicans infections. Among 
the formal students and mentees of the Shadomys 
("Training Trees", Appendix B), several well-known 
contributors to the field of medical mycology are 
Robert Fromtling at Merck Laboratories and Den
nis Dixon, the Chief of the Bacteriology and Mycol
ogy Branch at the NIH in 1996. 

The Centers for Disease Control (CDC) 

Errol Reiss came to the CDC in 1974. Reiss received 
his Ph.D. degree at Rutgers University under the 
direction of Walter J. Nickerson, a Professor of 
Microbial Biochemistry, and his medical mycology 
postdoctoral training at the NIH at the laboratory of 
Herbert F. Hasenclever, Chief of the Mycology 
Section at that time (E. Reiss, personal communica
tion, January 25, 1994). Since the 1970s, several 



individuals have received medical mycology post
doctoral training at Reiss' laboratory ("Training 
Trees", Appendix B). In addition to his scientific 
contributions, Reiss published a book in the field of 
immunochemistry of mycoses caused by Aspergillus, 
Candida, Cryptococcus, and Histoplasma. 

During "the years of expansion", Leanor Haley 
modified her training curriculum to respond to the 
increased prevalence of opportunistic fungal dis
eases and advances in medical technology. In her 
first years at the CDC (late 1960s), transplantation 
became important and few people knew how to 
interpret the data coming from the clinical labora
tory. The CDC immediately focused on training 
physicians and laboratory personnel to identify and 
understand the new and emerging opportunistic 
fungi. When the AIDS epidemic began in the 1980s, 
Haley had to adapt her training again. Safety 
became an important issue and all clinical labora
tories personnel had to learn new procedures to 
protect the patients and themselves (L. Haley, perso
nal communication, December 31, 1993). 

Libero Ajello co-authored an atlas on the histo
pathology of fungi with F.W. Chandler and William 
Kaplan in 1980. It became a prototype for many 
subsequent training efforts. The Color Atlas and Text 
of the Histopathology of Mycotic Diseases (Appendix 
C) included a vast selection of photomicrographs 
that represented fungal lesions with corresponding 
captions to facilitate the rapid review or differential 
diagnosis offungi in tissue. Its audience was pathol
ogists, clinicians, and laboratory personnel in need 
of an accurate, yet fast diagnostic textbook for 
fungal infections. Thousands of people, mostly phy
sicians and clinical laboratory personnel, were 
trained via this reference book. 

The National Institutes of Health (NIH) 

In 1971, John Bennett became the Head of the 
Clinical Mycology section. In 1974, the medical 
mycology section was merged into the Laboratory 
of Clinical Investigation with Kyung Joo Kwon
Chung as a leading researcher. In 1977, Kwon
Chung began to make her molecular-based contri
butions to the third edition of the textbook, Medical 
Mycology, that Chester Emmons had published for 
the first time in 1963 with John Utz and Chapman 
Binford. Bennett and Kwon-Chung continue the 
tradition of Emmons, Utz, and Herbert Hasenclever 
and others as leaders in clinical and basic research 
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and provide important informal training opportu
nities in medical mycology at the NIH. Their con
tributions are noted under the scientific contribu
tions sections. Important investigators, including 
two Dalldorf Fellows, who received doctoral or 
postdoctoral training under Bennett and Kwon
Chung are the physician John Rex (under Bennett) 
and the Ph.D. scientists, Paul T. Magee, Julie 
Rhodes, William Whelan, and Brian Wickes 
("Training Trees", Appendix B). 

Duke University 

When Conant retired in 1974, Thomas Mitchell, a 
graduate of the Tulane University program under 
Lorraine Friedman ("Training Trees", Appendix B), 
was hired to continue the mycology program. As the 
new Director of the Medical Mycology Laboratory 
and Assistant Professor of Mycology, Mitchell 
assumed the responsibility for teaching medical 
mycology in the Medical and Microbiology Gradu
ate Schools. He established a basic research program 
that has been supported by NIH extramural funds. 
In 197 5, he also reorganized and continued Conant's 
renowned Duke Mycology Summer Course and has 
offered this continuing education program since that 
time. In Mitchell's laboratory several undergradu
ate, graduate, medical, and postdoctoral students 
have received medical mycology training and con
ducted related research projects under his direction 
("Training Trees", Appendix B). In 1977, D. Durack 
became the Chief of the Infectious Diseases Division 
and recruited the physician, John Perfect, who 
became involved in the training component of this 
program. John Perfect and Harry Gallis, another 
infectious diseases specialist, assisted as clinical 
faculty members in teaching the Duke Summer 
Course. 

Georgetown University 

In 1974, Richard Calderone began his academic 
career at Georgetown University as Assistant Pro
fessor in the Department of Microbiology. He com
pleted his medical mycology postdoctoral studies at 
Temple University under the direction of Fritz Blank 
and Sarah Grappel. Since 1978, Calderone has been 
awarded NIH grants for his studies on the patho
genicity of C. albicans. Several individuals have 
obtained medical mycology training at Calderone's 
laboratory ("Training Trees", Appendix B). 
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The Johns Hopkins University 

In 1974, William Merz came to Johns Hopkins 
Hospital from Columbia Unversity, where he had 
trained under Margarita Silva-Hutner ("Training 
Trees", Appendix B), to establish and direct a 
medical mycology service laboratory. He had a joint 
appointment as an Assistant Professor in the 
Department of Pathology at the University. Merz 
focused his training efforts on laboratory personnel 
who were establishing or working in medical mycol
ogy service laboratories and for physicians doing 
postdoctoral training in medical mycology. Since 
1975, he has offered a medical mycology course for 
the same audience (W. Merz, personal communica
tion, January 5, 1994). 

Montana State University 

Jim Cutler established the first medical mycology 
research laboratory at this university in 1974. He 
obtained his M.S. degree under the direction of F. 
Swatek, a student of Orda Plunkett at the California 
State University, Long Beach, and his Ph.D. at 
Tulane University under the guidance of Lorraine 
Friedman ("Training Trees", Appendix B). Cur
rently, Cutler is directing perhaps the only NIH
funded medical mycology graduate program at 
Montana State University (See Chapter VI) 

University of North Carolina (UNC) at Chapel Hill 

Michael McGinnis trained under the classical 
mycologist Lois Tiffany in the Department of Bot
any at Iowa State University, and went to CDC for 
his postdoctoral training under the guidance of 
Libero Ajello and Lean or Haley ("Training Trees", 
Appendix B). During his years at UNC (1975-1988), 
he taught a four-credit medical mycology course 
each year in the Department of Parasitology and 
Laboratory Practice (McGinnis, 1994). The course 
usually had 12 to 15 students and consisted of 
laboratory sessions and lectures. He also taught 
medical technology students, began the API work
shop series with Richard D'Amato, and expanded 
the ASM Annual Meeting and Travel Workshops in 
the fungal identification of moulds and yeasts 
(McGinnis, personal communication September 
12, 1994). He is well-known for his Laboratory 
Handbook of Medical Mycology (Appendix C) pub
lished in 1980. This handbook became an excellent 

training and diagnostic resource in the laboratory 
for helping to clarify the nomenclature of the 
mycoses, especially infections caused by the phaeoid 
fungi (see scientific contributions); for introducing 
contemporary terminology to medical mycology 
(e.g., conidium versus spore); and for clarifying the 
taxonomy of certain fungi. When McGinnis became 
editor of the Clinical Microbiology Journal (1981-
1990), replacing Lorraine Friedman, he expanded 
the scope of the journal to include the publication of 
more medical mycology papers, including new dis
coveries. McGinnis also created the review series 
called "Current Topics in Medical Mycology': He 
was the Chief Editor of the Journal of Medical and 
Veterinary Mycology (known now as, Medical 
Mycology). 

University of Texas Health Sciences Center 
(UTHSC) at San Antonio 

The history of medical mycology at UTHSC began 
when the physician David Drutz arrived there as 
Chief of Infectious Diseases in 1975. He brought 
with him an interest in the study of fungal infections. 
He recruited the physicians Richard Graybill and 
Marc Weiner and the Ph.D. scientist Milton Hup
pert. These individuals became involved in the devel
opment of animal models to evaluate fungal therapy 
(Graybill) and serologic tests for the diagnosis of 
aspergillosis (Weiner) and coccidioidomycosis (Wei
ner and Huppert). Since the 1970s, informal medical 
mycology training has been provided by these med
ical mycologists and other investigators that joined 
the group at UTHSC in the 1980s and 1990s 
("Training Trees", Appendix B). Huppert had been 
Chief of the Mycology Research Laboratory at the 
VA Hospital in Long Beach, California and was 
offered the same position at the Audie Murphy 
Memorial VA Medical Center in San Antonio. 
Huppert received his Ph.D. degree from Columbia 
University under the tutelage of Rhoda Benham 
("Training Trees", Appendix B). After his years at 
Columbia, he organized a medical mycology course 
for graduate students at the University of North 
Carolina. Huppert died of lung cancer on January 
31, 1984. 

Baylor University 

An important advocate and promoter of medical 
mycology during the 1970s and 1980s was Bill 



Cooper, who also trained under Lorraine Friedman 
("Training Trees", Appendix B). Cooper was bap
tized "Billy" and "he was best remembered and loved 
by the 'rank and file' for his ability to teach diag
nostic medical mycology painlessly, lovingly and 
always with a gleam in his eye" (Domer and Fried
man, 1988). Cooper was an outstanding educator, 
who took his ASM Traveling Workshops across the 
country at least 25 times from 1974 to 1986 to teach 
practical approaches in the laboratory for the proper 
identification of fungal pathogens. In addition, 
Cooper was well known for his participation in 
numerous Continuing Education Workshops and 
seminars during his career. He died on August 6, 
1987 at the age of 51, prematurely ending his 
important career and contributions to the develop
ment of the discipline of medical mycology (Domer 
and Friedman, 1988). He was not replaced. 

Methodist Medical Center, Dallas 

Geoffrey Land obtained his Ph.D. at Tulane Uni
versity under the guidance of Lorraine Friedman 
and was a postdoctoral fellow at Duke University. 
Land has served as a faculty member for more than 
200 workshops and has formally taught medical 
mycology to graduate and medical students. He also 
directed seven research dissertations at the Metho
dist Medical Center in Dallas ("Training Trees", 
Appendix B). Land collaborated with Billy Cooper, 
his mentor, in developing the concept of the travel
ing workshop during the 1970s. 

The Mayo Clinic 

Glenn Roberts, who trained under Howard Larsh, 
Norman Goodman ("Training Trees", Appendix B), 
and the physician Elmer Koneman, Head of the 
Microbiology Laboratories at the VA Hospital, 
Denver, Colorado, gave two one-week medical 
mycology workshops for approximately 100 partici
pants each year. The laboratory diagnosis of fungal 
infections was the primary emphasis of these work
shops that have been directed towards clinical 
laboratory personnel involved in the recovery and 
identification of fungi from clinical specimens. 
Workshops currently are offered in response to 
demand and have been structured accordingly (L. 
Stockman, personal communication, June 6, 1994). 
Another important feature of medical mycology 
training at the Mayo Clinic are the residency and 
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fellowship programs for postdoctoral students from 
the medical and dental schools (Mayo Clinic Bro
chure, undated). 

Harvard School of Public Health 

Charlotte Campbell and Martha Berliner were 
awarded both NIH research grants (G. Kobayashi, 
personal communication, September I, 1994) and 
Brown-Hazen training grants (Baldwin, 1981 ). As a 
team, they taught medical mycologic courses and 
seminars for public health students and short clinical 
lectures around the Boston area from the mid-1960s 
to the late 1970s. Berliner obtained her doctoral 
degree under the guidance of the general mycologist, 
Lindsay Olive, while he was a professor of botany at 
Columbia University. Olive had trained under W.C. 
Coker at the University of North Carolina in Chapel 
Hill. 

Boston University 

In the late 1970s, Richard Diamond established a 
medical mycologic research laboratory at Boston 
University Medical Center. Between 1983 and 
1989, the physicians, Edwin Smail, Stuart Levitz, 
and David Stein were awarded Dalldorf Fellowships 
to pursue their postdoctoral training with Diamond 
(Research Corporation, 1990; "Training Trees", 
Appendix B). 

University of California, Davis 

Since the 1970s, Demosthenes Pappagianis has 
maintained an active medical mycology graduate 
and postdoctoral (M.D. and Ph.D. graduates) train
ing program at this institution. Pappagianis trained 
under Charles E. Smith at the University of Califor
nia at Berkeley. Another eminent medical mycolo
gist at the University of California, Davis, was the 
physician Paul Hoeprich, who trained Michael 
Rinaldi ("Training Trees", Appendix B). Rinaldi 
went to the University of Texas in San Antonio, after 
a short stay at Montana State University, to estab
lish a reference medical mycology laboratory in the 
1980s. 

Santa Clara Valley Medical Center 

Medical mycology postdoctoral fellowships have 
been offered since the early 1970s at Santa Clara 
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Valley Medical Center in the laboratory of the 
physician David Stevens. The principal interest at 
Stevens' laboratory has been the immunology and 
chemotherapy of infectious diseases. Stevens fin
ished his postdoctoral training at Stanford Univer
sity, Palo Alto, California (D. Stevens, personal 
communication, June 14, 1996). The physicians 
John Galgiani, Alan Sugar, and David Denning 
and the Ph.D. scientists Karl Clemons and Christine 
Morrison are among the individuals who received 
medical mycology training under the guidance of 
Stevens ("Training Trees", Appendix B). After train
ing with Stevens, Galgiani established a medical 
mycology laboratory at the University of Arizona, 
Sugar at Boston University and Denning in Eng
land. Stevens, Galgiani, and Sugar are active mem
bers of the MSG group and have participated in 

several clinical trials conducted by this group (see 
scientific contributions sections); Stevens is the 
Chair of the clinical trials for aspergillosis and 
Galgiani for coccidioidomycosis. The Ph.D. scien
tist, Elmer Brummer, joined Stevens in 1978 as a 
Research Associate. Brummer has focused his 
research mostly on host-fungal pathogen interac
tions, macrophage and PMN antifungal mechan
isms and the effects of the activation of these 
phagocytic cells by IFN-y for enhancement of the 
killing of several fungal pathogens. Brummer 
obtained his medical mycologic postdoctoral train
ing with Rebecca A. Cox at the San Antonio Chest 
Hospital, San Antonio, TX. The individuals who 
have trained under Brummer's direction are listed 
in Appendix B ("Training Trees"). 



VI. The era of transition: 1980 to 1996 

Figure 96. John Perfect (p. 113) 

Figure 97. Juneann Murphy and her student Paul Fidel (pp. 114-115) 
(Courtesy of Dr. Fidel) 
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Figure 98. Stuart M. Levitz and his laboratory team (left to right): Lauren Yauch, Charlie Specht, Jen 
Lam, Levitz, Salamatu Mambula, Michael Mansour, Keya Sau, Jianmin Chen, and Shu-hua Nong (p. 
118) (Courtesy of Dr. Levitz) 

Figure 99. Paul Szaniszlo (2nd left) (pp. 93-94, 122), Gary Cole (1st left) (pp. 116-11 7, 119), and 
graduate students Zheng Wang, Wen Chen and his wife, Susan, former post-doc Ming Peng and grad 
student Xiangcang Ye (Courtesy of Dr. Szaniszlo) 



Figure 100. John Nathaniel Couch (1896-1986) (p. 122) 
(Courtesy of Dr. Szaniszlo) 

Figure 101. Dennis Dixon (p. 122) 

Figure 102. NIH-funded Predoctoral Medical Mycology Program at Montana University, under Jim Cutler (pp. 
122-123) (Courtesy of Dr. Cutler) 
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Figure 102a. Donald Greer, Morris F. Shaffer, Judith Domer (p. 124), George Kobayashi (first row), Thomas Mitchell (second row, 1st), 
and Angela Restrepo (second row, 3rd) (Courtesy D. Restrepo) 

Figure 103. Judith Rhodes while she was finishing 
her postdoctoral training at NIH (p. 125) 
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Figure 104 . Michael Rinaldi (p. 125) (Courtesy of Imedex) 

Figure 105. Elias Anaissie (p. 125) (Courtesy of Imedex) 
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Overview 

In the early 1980s, the first cases of acquired 
immunodeficiency syndrome (AIDS) were diag
nosed. It became evident that these were not isolated 
cases but that the world was dealing with a pan
demic. Unfortunately, as expressed by 15.1% of the 
questionnaire respondents (Table 3, Appendix A), 
AIDS and the induction of immunosuppression 
during cancer and transplantation chemotherapy 
became important events for the development of 
medical mycology. Opportunistic and classic fungal 
pathogens cause severe and fatal disease in increas
ing numbers in AIDS, cancer, and transplantation 
patients and the field of medical mycology can no 
longer be neglected. Difficulty in the management of 
opportunistic infections in these patients spurred the 
development of new therapies, laboratory diagnostic 
tests, and initiated studies of pathogenesis and 
immunology. 

Although basic research studies had begun ear
lier, researchers became more specialized during the 
1980s and focused their studies on specific aspects of 
a fungal disease or its etiologic agent. A great deal of 
research on the molecular biology, cellular immu
nity, host-parasite interactions, genetics, and the 
immunochemistry of fungi was initiated by estab
lished and new investigators. Most of these studies 
were performed by graduate and postdoctoral stu
dents under the guidance of their major professors, 
sponsors, and in collaboration with investigators at 
other institutions. During this period, specialists in 
infectious diseases and other areas of microbiology 
became interested in the basic and applied study of 
fungi, e.g., basic geneticists, immunologists, immu
nochemists, molecular biologists, and classic mycol
ogists. The genetics of fungi, especially of C. albicans, 
C. neoformans, and H capsulatum var. capsulatum 
were the subject of considerable study including 
DNA mapping, transformation/recombination, 
and gene cloning. The introduction of molecular 
biology and genetics was considered an extremely 
important advance for the discipline by 15.7% of the 
questionnaire respondents (Table 4, Appendix A). 
These individuals believe that basic research in these 
areas contributed to a clearer understanding of all 
aspects of the field, ranging from the properties 
involved in the virulence of a fungus to its interac
tions with host defenses. 

The role of phagocytes, lymphokines, and de fen
sins in the destruction of the systemic and opportu-

nistic fungal pathogens was studied by several 
groups using animal models. In addition, it was 
demonstrated that fungal antigens induced lym
phoid cells that could either amplify or suppress the 
immune response in a regulatory fashion. Because of 
this, the immunochemistry of several fungal anti
gens was investigated. Preliminary data demon
strated the potential role of colony stimulating 
factors as useful adjuncts to antifungal therapy for 
aspergillosis in immunocompromised patients. The 
C3d receptors for C3 complement fragments of C. 
albicans were identified and purified. Several fungal 
enzymes were postulated as important virulence 
factors. This was followed by their purification, 
characterization, and gene cloning. The proteinases 
of C. albicans were the enzymes most intensively 
studied. 

The development of more accurate and rapid 
laboratory diagnostic tests was accomplished by the 
application of DNA-based methodology and other 
numerous technological advances. DNA-based pro
cedures were employed as reliable epidemiologic 
tools and the taxonomic issues of some dermato
phytes and phaeoid fungi were clarified. 

Two collaborative groups were singled out as 
important contributors to the development of med
ical mycology in the United States by the question
naire respondents, the NIAID-MSG and the 
NCCLS Subcommittee for Antifungal Susceptibility 
Tests (Table 3, Appendix A). The formation of these 
groups was vital to adequately evaluate antifungal 
therapy and to provide standards for in vitro testing. 
The collaborative concept was then applied to clin
ical and applied research investigations. The 
NIAID-MSG collaborative, randomized, prospec
tive clinical trials established better therapeutic regi
mens for the management of certain systemic dis
eases in patients with or without AIDS. The NCCLS 
Subcommittee, established in 1982, proposed stan
dard testing conditions for yeast and mould testing 
(NCCLS M27 -A and M38-A documents). 

Although financial support for medical mycology 
research was increased for a few years, there was a 
substantial reduction of federal funds and a deple
tion of private sources by the end of the 1980s. Basic 
and applied research has been funded mostly by 
NIH grants and applied research has pharmaceuti
cal and corporate support programs. 

From information gathered through the inter
views and the review of scientific papers published 
since 1980, a major transition in medical mycology 



leadership was noted. Many leaders of applied 
research and training programs began to retire, but 
were not replaced in many institutions because of 
lack or loss of financial support, especially for 
training. As a result, established and formal training 
programs were closed or greatly reduced in scope 
and medical mycology courses as complete units 
also nearly ceased to exist, which created a crisis in 
medical mycology training. 

By the end of 1996, the following medical mycol
ogists had either changed roles, retired or died, and 
their medical mycology activities were discontinued: 
Everett Beneke and Alvin Rogers at Michigan State 
University (replaced by Leone! Mendoza); Libero 
Ajello, Lucille Georg (died), William Kaplan, and 
Leanor Haley (died) at the CDC; Glenn Bulmer, 
George Cozad (died), Howard Larsh (died), and H. 
Muchmore at the University of Oklahoma; Richard 
Duma, Jean Shadomy, Smith Shadomy (died) and 
John Utz at the Medical College ofVirginia/VCU; 
Morris Gordon, Dennis Dixon and Ira Salkin at the 
New York State Department of Health; Carlyn 
Halde at the University of California, San Fran
cisco; Hillel Levine at the Naval Biological Labora
tories; John Rippon at the University of Chicago; 
Margarita Silva-Hutner and Irene Weitzman at 
Columbia University; Dexter Howard at the Uni
versity of California at Los Angeles, and James 
Sinski at the University of Arizona. Other promi
nent medical mycology leaders died during the Era 
of Transition: Charlotte Campbell, Norman Con
ant, Bill Cooper, Chester Emmons, and Milton 
Huppert. 

Based on reviews of the literature and interviews, 
the following investigators became active in the field 
at recognized centers conducting medical mycology 
research or training: Sandra Bragg, Mary Brandt, 
Brent Lasker, Timothy Lott, and Christine Morri
son at the CDC; Wieland Meyer and Rytas Vilgalys 
at Duke University; Jeffrey Edman at the University 
of California, San Francisco; David Schwartz and 
Charles Cantor at Columbia University; Gilbert 
Chu, Ronald Davis, and Douglas Vollrath at Stan
ford University; Mahmoud Ghannoum at Cleve
land State University; William Powderly, D. Schles
singer, and W. Goldman at Washington University; 
Elsa Wadsworth and Lisa Linehan at Georgetown 
University; Garry Cole at the University of Texas, 
Austin (currently at the Medical College of Ohio); 
Patricia Sharkey at the University of Texas Health 
Sciences Center, San Antonio; P. Johnson and John 
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Rex at the University of Texas Health Science 
Center, Houston; Brian Morrow at the University 
oflowa; Leslie Stockman at the Mayo Clinic; Nancy 
Hall at the University of Oklahoma, Oklahoma 
City; Timothy Buchman, Patricia Charade, Michelle 
Rossier, John Wingard, and Rein Sara! at the Johns 
Hopkins Medical School. 
· Among other centers where medical mycology 

research or training is being conducted are: the 
University of Minnesota Medical School by Stewart 
Scherer; San Antonio Chest Hospital by Rebecca 
Cox; University of South Florida, College of Medi
cine, by Julie Djeu; Wayne State University School 
of Medicine by J. Sobel and Jose Vazquez; Indiana 
UniversitY School of Medicine, by Marilyn Bartlett 
and Lawrence Wheat; Medical College of Ohio by 
Paul Lehmann; State University of New York by 
Eric Spitzer and Silvia Spitzer; Albert Einstein 
College of Medicine by Arturo Casadevall and B. 
Currie; Medical College of Georgia by John Fisher 
and C. Newman. In addition, the listing of the 
NIAID-MSG members in April 1996 included 60 
physicians, who were involved in the clinical trials 
conducted by this group. 

1980 to 1996 

AIDS and opportunistic candida/ infections 

In 1981, the CDC's Morbidity and Mortality Weekly 
Report described the first AIDS cases and by 1984 
3000 cases were reported. From 1981 to 1984, the 
diagnosis of AIDS was clinical, being "based on the 
finding of a severe opportunistic infection suggestive 
of a defect in cell-mediated immunity or on the 
finding of an unusual malignant process in a pre
viously healthy person or both" (Klein eta!., 1984, p. 
354). By 1983, the incidence of candidiasis, includ
ing oral infections, was noted in many AIDS 
patients. The presence of an unexplained oral Can
dida spp. infection in individuals with a high risk for 
AIDS became a predictor of the development of 
serious opportunistic infections and AIDS. 

John Wingard et a!. (1991) reported that in the 
spring of 1990 the replacement of intravenous 
miconazole by oral fluconazole for antifungal pro
phylaxis in marrow transplant recipients had created 
an increase in both colonization and disseminated 
infections caused by C. krusei at the Johns Hopkins 
Oncology Center. During the ensuing years, reports 
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continued to appear in the literature regarding the 
incidence of non-C. albicans as etiologic agents of 
severe disease among immunocompromised 
patients in other institutions. 

Antifungal therapy 

Cryptococcosis 

From January 1966 through June 1980 the medical 
records of 41 patients diagnosed with cryptococco
sis at MCV, VCU were reviewed by Thomas Kerker
ing, Richard Dwna, and Smith Shadomy (1981). 
They observed that pulmonary cryptococcosis was 
rarely included in the differential diagnosis, which 
resulted in missed diagnoses and therapeutic errors. 
Since the evolution of untreated pulmonary disease 
was dissemination in immunocompromised 
patients, these patients were treated with antifungal 
therapy. 

In 1987, William Dismukes and the members of 
the NIAID-MSG tested the hypothesis that the 
duration of the combined flucytosine-amphotericin 
B therapy for C. neoforrnans meningitis, established 
by John Bennett eta!. in 1979, "might be shortened 
further from six to four weeks, thus reducing toxicity 
without compromising efficacy" (p. 335). This clin
ical trial was a multicenter, prospective, randomized 
effort that enrolled 194 patients with cryptococccal 
meningitis. The study results demonstrated that a 
four-week regimen should be reserved for patients 
who have meningitis without neurologic complica
tions, underlying disease, or immunosuppressive 
therapy. Patients who did not meet these criteria 
should have six weeks of therapy. Alan Stamm eta!. 
(1987) also reported several side effects of this 
combined regimen. 

It became evident that the established treatment 
regimen of combin~d amphotericin B and 5-FC was 
unsuccessful in AIDS patients with cryptococcal 
meningitis (75 to 85% versus 40 to 50% success rate); 
up to 10% of patients were diagnosed with this 
infection. Further, after treatment was ended most 
patients relapsed. During the early 1980s, two new 
oral antifungals were developed, fluconazole by 
Roerig Pfizer in England and itraconazle by Janssen 
Pharmaceutica in Belgiwn. The first reports demon
strated that these two antifungals could be alterna
tives to lifelong amphotericin B treatment against C. 
neoforrnans meningitis in AIDS patients (Stern eta!., 

1988; Sugar and Saunders, 1988; Denning, Tucker, 
Hanson, Hamilton, and Stevens, 1989). In 1991, 
David Stevens, Ira Greene, and Onnie Lang, at the 
Santa Clara Valley Medical Center, reported that 
fluconazole therapy could also prevent thrush in 
AIDS patients. However, it was noted that only 
controlled trials with large numbers of patients 
could establish the efficacy of these antifungal 
agents. In the same year, three collaborative trials 
were conducted to evaluate fluconazole, one by the 
California Collaborative Treatment Group (Bozz
ette eta!., 1991) and two by the NIAID-MSG and 
the AIDS Clinical Trials Group (Saag eta!., 1992; 
Powderly eta!., 1992). In 1991, Samuel Bozzette et 
a!. evaluated the efficacy of maintenance therapy 
with fluconazole in 84 AIDS patients who had 
completed successful primary therapy for C. neofor
rnans meningitis. They compared fluconazole with 
placebo and found a 37% relapse rate among 
patients assigned to the placebo versus a 3% relapse 
rate among the patients receiving oral fluconazole. 
These investigators concluded that in patients with 
AIDS, "silent persistent infection is common after 
clinically successful treatment" (p. 580) for this 
disease. Oral fluconazole maintenance therapy was 
highly effective in preventing recurrent infections. 

On the other hand, William Powderly eta!. (1992) 
compared fluconazole maintenance therapy versus 
amphotericin B after primary treatment of 218 
AIDS patients with C. neoforrnans meningitis. Oral 
fluconazole was superior (97% relapse free) to 
amphotercin B (78% relapse free). In the same year, 
the MSG Group compared intravenous amphoter
icin B with oral fluconazole as primary therapy for 
acute cryptococcal meningitis in AIDS patients 
(Saag eta!., 1992). Treatment was successful in 40% 
of 63 patients receiving amphotericin B and in 34% 
of the 131 fluconazole recipients. The difference 
between the groups in overall mortality (18% on 
fluconazole versus 14% on amphotericin B) was not 
significant. Their conclusion was that, "although 
fluconazole was an effective alternative to amphoter
icin B as primary treatment for patients who were at 
low risk for treatment failure, the optimal therapy 
for patients at high risk (abnormal mental status) 
remained to be determined" (Saag eta!., 1992. p. 83). 
Other primary therapeutic approaches that have 
been advocated include the use of higher doses of 
fluconazole and itraconazole and combined flucyto
sine and fluconazole therapy. The NIAID-MSG also 
conducted a trial consisting of a two-week induction 



phase with either amphotericin B alone or combined 
with flucytosine, followed by eight-weeks of either 
fluconazole (400 mg/day) or itraconazole (200 mg 
twice a day). Preliminary data showed no significant 
difference between the two regimens (Vander Horst, 
1997). 

Blastomycosis and histoplasmosis capsulati 

Oral ketoconazole (developed in the 1970s by Jans
sen Pharmaceutica in Belgium) was approved by the 
Food and Drug Administration (FDA) in 1981. 
When ketoconazole was evaluated during its phase 
II clinical trials, preliminary data had shown 
encouraging results in patients with histoplasmosis 
capsulati, blastomycosis, non-meningeal cryptococ
cosis, and coccidioidomycosis (NIAID-MSG, 
1985). Because of that, a prospective, multicenter, 
randomized clinical trial was conducted by these 
members (1985) to compare the efficacy and toxicity 
of a low-dose regimen ( 400 mg/day) ofketoconazole 
with a high-dose regimen (800 mg/day) in 80 
patients with blastomycosis and 54 with histoplas
mosis. Ketoconazole was effective in 85% of immu
nocompetent patients with non-life-threatening, 
nonmeningeal forms of these infections. But, high 
dosages were associated with severe side effects 
(NIAID-MSG, 1985). 

By 1992, the success rates for amphotericin B and 
ketoconazole therapies ranged from 70 to 95% for 
blastomycosis and histoplasmosis capsulati. In 
1992, the efficacy and toxicity of orally administered 
itraconazole in the treatment of nonmeningeal, non
life-threatening forms of blastomycosis and histo
plasmosis was investigated by William Dismukes 
and the NIAID-MSG members. They conducted a 
multicenter trial (14 university centers) and evalu
ated 48 patients with blastomycosis and 37 with 
histoplasmosis diagnosed by culture or histopatho
logic evidence. A 90 to 95% success rate was 
reported among blastomycosis patients and an 81 
to 86% success rate among histoplasmosis capsulati 
patients. Itraconazole became an alternative to 
either amphotericin B or ketoconazole for the treat
ment of these infections. However, Peter Pappas et 
al.'s review of the medical records of 185 patients 
(between 1956 and 1991) with blastomycosis at the 
University of Alabama and affiliated hospitals 
revealed a marked increase (24% since 1981) in the 
number of immunocompromised patients with blas
tomycosis. Because the disease appeared to be more 
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aggressive in immunocompromised patients than in 
normal patients, early and intensive amphotericin B 
therapy was required instead of the alternative oral 
agents (Pappas eta!., 1993). This mycosis had been 
the least often associated with immune disorders. 

In the United States and Latin America, histo
plasmosis capsulati was found among 2 to 5% of 
patients with AIDS who resided in areas endemic for 
H capsulatum var. capsulatum (Wheat eta!., 1991). 
The prevalence was as high as 25% in the areas of 
Kansas City and Indianapolis. The relapse rate was 
50% in patients treated with ketoconazole and 10 to 
20% in those receiving amphotericin B maintenance. 
At the Indiana University School of Medicine, 
Lawrence Wheat, Richard Kohler, and Ram Tewari 
(1986) had developed a radioimmunoassay for H 
capsulatum var. capsulatum polysaccharide antigen, 
which became a useful new method for the rapid 
diagnosis of disseminated histoplasmosis. By 1991, 
Wheat et a!. had established that two units or more 
of antigen levels strongly suggested histoplasmosis 
relapse. Wheat and the members of the NIAID
MSG (1993) assessed the efficacy and safety of 400 
mg/day oral itraconazole in preventing histoplas
mosis relapse after the successful induction of 
amphotericin B therapy in 42 AIDS patients. 
Results from this clinical trial suggested that "itra
conazole, 200 mg twice daily, is safe and effective in 
preventing relapse of disseminated histoplasmosis in 
AIDS patients" (p. 610). The clearance of antigen 
correlated with clinical efficacy. At Washington 
University by using genetic markers, Eric Spitzer et 
a!. (1990) found that AIDS patients were infected 
with less virulent strains (for mice) of H capsulatum 
var. capsulatum in the St. Louis area. The efficacy of 
fluconazole in the treatment of histoplasmosis cap
sulati was investigated and it was concluded that 400 
mg doses or higher were necessary for a successful 
outcome (McKinsey eta!., 1996). 

Coccidioidomycosis 

At the University of Texas Health Sciences Center, 
San Antonio, John Graybill (1988), in collaboration 
with members of three other universities, led an 
evaluation of escalating high doses of ketoconazole 
(for up to four years) for the treatment of 15 patients 
with coccidioidal meningitis. It was demonstrated 
that high-dose ketoconazole alone or in combina
tion with intrathecal amphotericin B had similar 
therapeutic value. However, a dose ofketoconazole 
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higher than 800 mg/day was associated with intoler
able nausea and vomiting. In 1990, the NIAID
MSG (Graybill et a!.) elected to evaluate itracona
zole as an alternative to the more toxic amphotericin 
B and ketoconazole for coccidioidomycosis. Oral 
itraconazole doses of 100-400 mg/day for up to 39 
months were evaluated in the treatment of 49 
patients with nonmeningeal coccidioidomycosis. 
An important accomplishment of this study was that 
the clinical response to therapy was evaluated with a 
scoring system accounting for lesion number and 
size, symptoms, culture, and serologic titer. A scor
ing system was needed to standardize criteria to 
measure clinical response; prior results had been 
based on variable criteria for defining complete 
remission and lesser degrees of improvement. Pre
liminary results indicated that itraconazole 
appeared to be superior to ketoconazole for the 
treatment of nonmeningeal coccidioidomycosis 
(Graybill eta!., 1990). 

Ketoconazole and miconazole became the sec
ond-line therapies for coccidioidal meningitis, the 
most fatal type of infection with C. immitis. The 
established therapy before the introduction of these 
agents was frequent administration of intrathecal 
amphotericin B. It was evident to John Galgiani 
and the NIAID-MSG members by 1990 that safer 
and more effective therapies were needed; intrathe
cal administration of this agent was technically 
difficult, produced irritation and discomfort, was 
associated with other infections, and was not always 
effective. With the advent of fluconazole and itraco
nazole, Galgiani and the NIAID-MSG members 
(1993) investigated the safety and efficacy of 400 
mg/day up to four years of fluconazole in 50 patients 
with active coccidioidal meningitis. Thirty-seven of 
47 (78%) evaluable patients responded to treatment 
within four to eight months. They concluded that 
"fluconazole therapy is often effective in suppressing 
coccidioidal meningitis" (p. 28). 

Aspergillosis, candidiasis and sporotrichosis 

David Denning, Richard Tucker, Linda Hanson, 
and David Stevens (1989) evaluated an oral itraco
nazole regimen of 400 mg/day in 18 patients with 
invasive aspergillosis at Santa Clara Valley Medical 
Center, CA. Their conclusion was that "itraconazole 
may be an important advance in the therapy of 
aspergillosis" (p. 791). Denning and the NIAID
MSG members in 1994 conducted a multicenter 

study to further evaluate itraconazole for the treat
ment of invasive aspergillosis. Seventy-six evaluable 
patients received oral itraconazole for 0.3 to 97 
weeks. Their data showed that the response rate to 
oral itraconazole was comparable to that of ampho
tericin B therapy. The results suggested that oral 
itraconazole was an alternative therapy for this 
fungal infection, but relapse was noted among 
immunocompromised patients. 

Patients with profound neutropenia and corticos
teroid induced phagocyte dysfunction are suscepti
ble to candidiasis and aspergillosis. At the NCI 
between 1990 and 1993, animal models were devel
oped to evaluate the treatment of these infections in 
this patient population. Thomas Walsh eta!. (1990) 
evaluated oral fluconazole for the prevention and 
early treatment of disseminated candidiasis in gran
ulocytopenic rabbits. These investigators reported 
that fluconazole was as effective as amphotericin B 
for prevention, but not for treatment. Before 1993, 
desoxycholate amphotericin B was the treatment of 
choice for pulmonary aspergillosis in granulocyto
penic patients. To reproduce the persistent levels of 
profound granulocytopenia in humans, Peter Fran
cis et a!. developed a model of primary pulmonary 
aspergillosis in rabbits in 1994. Utilizing this model, 
they evaluated the efficacy of a new formulation of 
unilamellar liposomal amphotericin B (approved in 
western Europe) and the detection of Aspergillus 
fumigatus D-mannitol in bronchoalveolar lavage 
fluid and galactomannan in serum. Both diagnostic 
approaches were useful markers of pulmonary 
aspergillosis. Since the new therapeutic agent was 
more effective and safer than desoxycholate ampho
tericin B, their results appeared to warrant the 
evaluation of these novel approaches in humans. 

Evaluation of I 00-600 mg/day itraconazole 
dosages for the treatment of 27 patients with sporo
trichosis showed that this drug was effective in the 
treatment of cutaneous and systemic sporotrichosis 
(Sharkey-Mathis et al., 1993). 

Antifungal susceptibility testing 

Despite controversial views regarding the need and 
"right time" to have a subcommittee to set standards 
for antifungal susceptibility testing, the National 
Committee of Clinical Laboratory Standards 
(NCCLS) approved the formation of a subcommit
tee in Aprill982 (NCCLS archival materials). John 
Galgiani of the University of Arizona became the 



chair of the subcommittee and in July, 1982, he 
proposed that the subcommittee be composed of six 
voting members and five advisors (J. Galgiani, 
personal communication, 1994). The first meeting 
of the NCCLS Subcommittee was held on Thursday, 
October 7, 1982 (NCCLS Subcommittee minutes, 
October 21, 1982). As a result of collaborative 
studies (Pfaller et a!., 1990; Espinel-Ingroff et a!., 
1992; Fromtling et al., 1993), the subcommittee 
proposed a reference method for antifungal suscept
ibility testing of yeasts (NCCLS M27-P document) 
in December 1992, which became the approved 
standard in 1997 (NCCLS M27-A document). By 
1994, the activities of the subcommittee had diversi
fied and four working groups were formed within the 
subcommittee. In 1996, the NCCLS subcommittee 
established tentative breakpoints for fluconacole, 
itraconazole (Candida spp.), and flucytosine based 
primarily, for fluconazole and itraconazole, on clin
ical data from oropharyngeal infections provided by 
the manufacturers of these two drugs (Rex et a!., 
1997). Its efforts were directed later toward the 
development of standard guidelines for the filamen
tous fungi and evaluations of more convenient 
procedures for routine use in the clinical laboratory. 
The subcommittee continues to investigate the uti
lity of reference methods for yeasts and moulds. 

Laboratory diagnostic methods 

During the 1980s and 1990s, The search for more 
sensitive, reliable, and rapid tests for the diagnosis of 
early invasive candidiasis and other fungal diseases 
continued. The following approaches were investi
gated for the diagnosis of early disseminated candi
diasis: detection of protein or cell wall mannoprotein 
marker antigens, the detection of the fungal metabo
lites D-arabinitol and enolase, and DNA probes. 
For this purpose, different methodologies were 
explored: solid-phase sandwich radioimmunoassay 
for the detection of soluble cytoplasmic protein 
antigens (P. Stevens, Huang, Young, and Ber
dischewsky, 1980), gas-liquid chromatography for 
the detection of mannose (Monson and K. Wilk
inson, 1981 ), latex coated particles with heteroge
neous antibodies (Gentry, Wilkinson, Lea, and 
Price, 1983; Ness, Vaughan, and Woods, 1989), 
combined microbiological and gas chromatographic 
methods to detect D -arabinitol (Bernard, Wong, and 
Armstrong, 1985), a sandwich enzyme immunoas
say to detect mannan (de Repentigny eta!., 1985), a 
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combined gas chromatographic and enzymatic 
assay to detect D -arabinitol (Wong and Brauer, 
1988), mouse monoclonal lgG to detect an immu
nodominant 48 kDa enolase antigen of C. albicans 
(A.B. Mason, Brandt, and Buckley, 1989), and a 
double-sandwich liposomal immunoassay for Can
dida enolase (Walsh eta!., 1991). 

Much progress has been accomplished since T.E. 
Kiehn et a!. discovered arabinitol in the serum of 
patients with disseminated candidiasis in 1979 while 
they were testing for the presence of serum mannose. 
At the University of Cincinnati, Brian Wong and his 
co-workers have studied arabinitol as a possible 
diagnostic marker since the late 1980s. In 1988, 
Wong and Karen Brauer reported that infected 
patients had elevated serum levels of D -arabinitol 
and normal levels of L-arabinitol, thereby identify
ing the diagnostic marker. Wong, Jeffrey Murray, 
Miguel Castellanos, and Kenneth Croen (1993) 
clarified the D -arabinitol biosynthetic pentose path
way and cloned the gene that encoded the regulation 
of intracellular NAD-dependent D -arabinitol dehy
drogenase. 

The following commercial kits became available 
to diagnose systemic candidiasis. From Baylor Col
lege of Medicine, Houston, (TX), the Cand-TEC 
latex agglutination system (Ramco Laboratories, 
Houston, Texas) was based on the detection of 
antigen as described by Gentry et a!. (1983). The 
ICON Candida assay (ICON Hybritech Inc., San 
Diego, California) is an enzyme immunoassay. Even 
though the ICON appeared to be more reliable than 
the Cand-TEC, both kits were evaluated and found 
to be lacking in specificity and sensitivity (Burnie 
and Williams, 1985; Ness eta!., 1989; Pfaller eta!., 
1993). In Japan, a commercial rapid test was devel
oped in the early 1990s for the enzymatic-fluoro
metric determination of serum D-arabinitol. An 
automated enzymatic method was described by 
Arthur Switchenko et a!. (1994) for this purpose 
(Syva Company, Palo Alto, CA, National Cancer 
Institute, and University of Cincinnati). The reaction 
steps of the assay were adapted so that they could be 
performed automatically in the clinical laboratory 
on a chemistry analyzer. In this way, many of the 
problems associated with the current procedures for 
the detection of D -arabinitol, including the cross
reactivity associated with the enzymatic-fluoro
metric method, were avoided. Preliminary results 
demonstrated that detection of D -arabinitol per
mitted detection of invasive candidiasis and early 
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recognition of fungemia in serially collected sera 
from high-risk cancer patients as well as therapeutic 
monitoring of the infection (Walsh eta!., 1995). 

At Audie Murphy Memorial Veterans Hospital in 
San Antonio, Marc Weiner (1983) developed a 
promising radioimmunoassay for the detection of 
C. immitis antigen. This assay detected antigenemia 
in five of nine patients (56%) with active coccidioi
domycosis. These tests need further evaluation and 
may become valuable diagnostic and prognostic 
tests. They may complement rather than replace 
blood cultures. 

George Hageage and Brian Harrington (1984) 
observed that calcofluor white, a non-specific fluor
ochrome with an affinity for chitin and cellulose, 
could be used to detect fungal elements in clinical 
specimens. This procedure eliminated some inac
curacies associated with KOH preparations as well 
as being faster than the selective PAS and silver 
stains. It requires a fluorescence microscope and it 
has replaced India ink and KOH preparations for 
the detection of fungi in the clinical microbiology 
laboratory. 

DNA-based methods 

At Montana State University, Jim Cutler, Pati Glee, 
and Harold Horn (1988) were the first to apply a 
DNA probe for the direct detection of C. albicans in 
clinical specimens. They isolated a DNA fragment 
that hybridized specifically with DNA from C. 
albicans but did not hibridize with DNA from other 
infectious agents or from the host. Another avenue 
that had been explored was the amplification of a 
DNA segment (probe) that lies within a fungus
specific gene by the polymerase chain reaction assay 
(PCR). Timothy Buchman, Michelle Rossier, Wil
liam Merz, and Patricia Charache (1990), at the 
Johns Hopkins Hospital, reported the "unambigu
ous detection of C. albicans by PCR within 6 hours 
from the time that a clinical specimen is obtained" 
(p. 339). Roy Hopfer, P. Walden, S. Setterquist, and 
W. Highsmith (1993) simplified the sample prepara
tion for the detection of 18 species of fungi, including 
C. albicans, from clinical specimens except blood. 
However, for these tests to be more convenient 
methods for the clinical laboratory, further simplifi
cation should be attempted. Also, their sensitivity in 
clinical specimen remains to be fully evaluated 

Although detection of the dimorphic fungi in 
tissue and their identification by the exoantigen test 

were helpful for many years, these techniques were 
time consuming. The DNA probe assay for the 
identification of bacteria in the clinical laboratory 
was introduced during the mid-1980s. DNA probes 
were first adapted for fungal identification at the 
University of Tennessee for Candida spp. (including 
C. glabrata) (M.M. Mason, Lasker, and Riggsby, 
1987) and at Washington University for H capsula
tum var. capsulatum (Keath et a!., 1989). Several 
yeast form-specific genes were cloned and character
ized by the latter investigators; the gene that may be 
associated with pathogenicity was their diagnostic 
probe. Another novel approach was the adaptation 
of the random amplified polymorphic (RAPD) 
DNA assay (Williams eta!., 1990) for the character
ization of isolates of Candida spp. by Paul Lehmann, 
Diming Lin, and Brent Lasker (1992) of the Medical 
College of Ohio and the CDC. They believed that 
genotype directed identification of yeasts could be 
the tool of the future (P. Lehmann, personal com
munication, AprillO, 1994). 

At Gen-Probe Inc. (San Diego, CA) Kathleen 
Clark developed a non-isotopic chemiluminescent 
probe system that simplified the early probe assays 
for the identification of fungi (K. Clark, personal 
communication, July 1994). This probe utilizes a 
single-stranded DNA probe that complements the 
ribosomal RNA of the fungus being identified. 
Commercial probes had been evaluated for the 
identification of B. dermatitidis, C. immitis, C. neo
formans, and H capsulatum var. capsulatum (Hall, 
Pratt-Rippin, and Washington, 1992; Stockman, 
Clark, Hunt, and Roberts, 1993). 

DNA-based epidemiology 

By 1987, various methods had been developed as 
epidemiologic tools to identify a specific strain as the 
source of infection. This early methodology relied on 
cumbersome, insensitive, and non-reproducible tests 
(streak morphology, resistance to antifungal drugs, 
enzymatic profiles, biochemical assays, etc.) that 
measured phenotypic characteristics. DNA-based 
typing procedures, such as molecular probes or the 
determination of electrophoretic karyotypes, 
replaced earlier methodologies. The development of 
pulsed-field gel electrophoresis procedures demon
strated that the chromosome mobility of C. albicans 
and S. cerevisiae was extremely variable under 
apparently identical testing conditions. At the 
CDC, Timothy Lott, Patrick Boiron, and Errol Reiss 



( 1987) defined an electrophoretic karyotype for C. 
albicans by field-inversion gel electrophoresis, while 
Lott was conducting his postdoctoral studies with 
Reiss. This karyotype, the result of the migration of 
intact chromosomes, was distinct from other species 
of Candida and thus species-specific. Beatrice 
Magee and Paul T. Magee (1987) at Michigan State 
University used orthogonal field alternating gel 
electrophoresis to demonstrate that isolates of C. 
albicans and Candida non-albicans had different 
electrophoretic karyotypes. In 1989, C. S. Kaufmann 
and William Merz at the Johns Hopkins Hospital 
defined different electrophoretic karyotypes among 
isolates of C. glabrata. In the same year, John 
Perfect, B.B. Magee, and P.T. Magee (1989) identi
fied different electrophoretic karyotypes of C. neo
formans, while Perfect had his one year sabbatical 
with P.T. Magee at the University of Minnesota (J. 
Perfect, questionnaire; "Training Trees", Appendix 
B). These studies suggested that electrophoretic 
karyotypes could be used as "stable genetic markers 
to delineate strains for use in epidemiologic studies" 
(C.S. Kaufmann and Merz, 1989, p. 2165). 

Recombinant DNA technology also made possi
ble the replacement of phenotyping methodology by 
the direct examination of the genomes of the fungi 
(Tompkins, Plorde, and Falkow, 1980). High resolu
tion for this procedure was obtained by molecular 
probes. Stewart Scherer and David Stevens (1987), 
at the University of Minnesota and Santa Clara 
Valley Medical Center, used this approach to study 
C. albicans and described a DNA extraction and 
digestion method for the whole Candida genome. By 
using restriction endonuclease digestion and electro
phoresis, "chromosomal DNA of various restriction 
lengths in gel produced unique patterns analogous to 
fingerprints" (p. 675). These gel patterns could be 
used to type Candida spp. isolates, which was a more 
precise epidemiologic tool than the ones based on 
analysis of phenotypic characteristics. By 1988, 
Scherer and Stevens reported that with their 1987 
procedure, "only a limited number of sites in the 
genome of a given species can be scored for differ
ences" (p. 1452). Therefore, they isolated a repeated 
DNA segment that provided a species-specific DNA 
probe for C. albicans. At the University Hospital, 
Stony Brook (NY), Eric D. Spitzer and Silvia G. 
Spitzer (1992) demonstrated that the CNRE-1 
hybridization probe could discriminate among 10 
strains of this species isolated from eight patients. 
Based on repetitive DNA sequences from C. neofor-
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mans, this probe could demonstrate that the crypto
cocccal isolate from the original infection and relap
sing isolates were identical. Thus, the use of DNA 
probes as another epidemiologic tool allowed mea
surement of DNA polymorphism in the laboratory. 
Controversy began regarding which methodology 
was more sensitive and the CHEF appeared to 
provide greater sensitivity than the enzymatic tests 
in recognizing strain variation (Vazquez eta!., 1993). 

In addition, DNA fingerprinting and random 
amplified polymorphic DNA (RAPD or PCR) were 
adapted as epidemiologic tools. The RAPD was 
described by John Williams, Anne Kubelik, Ken
neth Livak, J. Antoni Rafalski, and Scott Tingey 
(1990) at the Central Research and Development 
Department, E. I. duPont de Nemours and Co., Inc., 
Wilmington, DE. Since DNA purification for the 
RAPD assay was time consuming, Jon Woods, 
Dangeruta Kersulyte, William Goldman, and Dou
glas Berg (1993) at Washington University shor
tened their earlier methodology (1992) for H. capsu
latum var. capsulatum DNA purification from a 2-
day to a 2-h procedure. Investigators at Duke 
University, Wieland Meyer, Thomas Mitchell, Eliza
beth Freedman, and Rytas Vilgalys (1993), com
bined RAPD and conventional DNA fingerprinting 
to detect C. neoformans strain variation during 
Meyer's postdoctoral training with Mitchell 
("Training Trees", Appendix B). They found that, 
for detecting polymorphic DNA in C. neoformans, 
this combination yielded more reliable results than 
"classical" DNA procedures alone. In the same year, 
Timothy Lott, Randall Kuykendall, Sharon Weibel, 
Arum Pramanik, and Brent Lasker at the CDC 
( 1993) demonstrated that pulsed-field gel electro
phoresis and RAPb can be used to show C. para
psilosis intraspecies variation. Brian Currie, Lawr
ence Freundlich, and Arturo Casadevall ( 1994) used 
fragment length polymorphism analysis with two 
probes to characterize and compare C. neoformans 
isolates from pigeon excreta with those isolated from 
human cryptococcal meningitis (same geographical 
area). Although they found extensive genetic diver
sity among environmental and clinical isolates, they 
could not answer the question of whether pigeon 
excreta are a reservoir for yeasts causing human 
infection. 
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Taxonomy and classification 

Michael McGinnis, at the University of North 
Carolina, stated in 1983 that the "nomenclature for 
the mycotic infections caused by the black fungi is in 
a state of confusion" (p. 1). He concluded that 
clarification was needed regarding the names chosen 
for the infections known as chromoblastomycosis 
and phaeohyphomycosis. McGinnis believed that 
these fungal infections should be named based upon 
the combined clinical, pathologic, and mycologic 
relationships of each infection. McGinnis (1983) 
defined chromoblastomycosis as a chronic, localized 
cutaneous or subcutaneous infection. The infected 
tissues contain muriform cells and histologically 
show pseudoepitheliomatous hyperplasia, dermal 
granulomas, abscess formation, and fibrosis. The 
term phaeohyphomycosis had been described by 
Libero Ajello et al. (1974) to include mycotic dis
eases in which the etiologic agent (heterogeneous 
group) was present in tissue as phaeoid yeast, 
pseudohyphae or hyphae (and no muriform cells). 
This term was not to include nor replace mycetoma 
pityriasis (tinea nigra), black piedra or mycotic 
keratitis. In 1982, McGinnis, Arvind Padhye, and 
Ajello established that Pseudallescheria boydii was 
the valid name for this fungus. 

Other taxonomic problems were clarified in 1986. 
McGinnis, Dante Borelli, Arvind Padhye, and 
Ajello (1986) proposed that the hyphomycete Cla
dosporium bantianum be transferred to the genus 
Xylohypha as Xylohypha bantiana based on morpho
logical characteristics. In 1995, G.S. de Hoog et al. 
transferred this species to the genus Cladophialo
phora. McGinnis, Rinaldi, and Winn (1986) studied 
isolates of the genera, Bipolaris, Drechslera, Exser
ohilum, and Helminthosporium and clarified the 
taxonomy surrounding human pathogenic species 
belonging to those genera. Since the early 1970s, 
there had been an increase in the frequency of 
infections caused by these fungi, which were easily 
misidentified in the clinical laboratory. Excellent 
descriptions of diagnostic, morphologic features, 
and photographs of each species were included in 
this report. Irene Weitzman, McGinnis, Padhye, and 
Ajello (1986) concluded that the generaArthroderma 
and Nannizzia were congeneric. Because of priority, 
Nannizzia, which was established by Phyllis Stock
dale in 1963, was considered a synonym of Arthro
derma (proposed by Currey in 1854). 

Vaccines 

Beginning in the late 1950s, vaccines were made to 
immunize guinea pigs and human volunteers against 
Trichophyton mentagrophytes (Huppert and Keeney, 
1959) and monkeys against C. immitis (Pappagianis, 
Miller, C.E. Smith, and Kobayashi, 1960; Naval 
Biological Laboratory, California). Both studies 
showed that these primitive vaccines could stimulate 
an immune response. Thirty years later, a study of 
2867 healthy human volunteers randomized to 
either a vaccine (C. immitis) group (1436 subjects) 
or a placebo control group (1431 subjects) showed 
that the differences between the two groups were not 
statistically significant. This study was conducted 
between 1980 and 1985 by the Valley Fever Vaccine 
Study Group and was published in 1993. 
Demosthenes Pappagianis et al. (1993) believed that 
the fungal fractions (e.g., proteinases) isolated from 
C. immitis in the 1980s and 1990s could produce a 
more effective vaccine in the future. 

Host defenses against yeasts 

Cryptococcus neoformans 

Between 1980 and 1993, important findings were 
reported regarding the host-parasite interaction 
variables in cryptococcosis by Juneann Murphy 
and her graduate and postdoctoral students at the 
University of Oklahoma at Norman and Oklahoma 
City ("Training Trees", Appendix B). Murphy 
focused her research on the host defenses against C 
neoformans, the lymphocytes, especially CD4+ T 
lymphocytes involved in the cell-mediated immune 
response specific to C. neoformans, and phagocytic 
and natural killer cells. This group reported for the 
first time the developmental profiles of the delayed
type hypersensitivity (DTH) response (a measure
ment of cell mediated immunity), antigen levels, and 
antibody titers induced after intranasal inoculation 
of mice with C. neoformans (Lim, Murphy, and 
Cauley, 1980). The investigation of cell-mediated 
response had begun in the late 1970s, while Murphy 
was conducting research for her doctoral disserta
tion under the guidance of George Cozad ("Training 
Trees", Appendix B). 

Thuang Lim et al. (1980) demonstrated direct 
correlations between high C. neoformans antigen 
levels and a depressed DTH response. It was 



reported by Mosley, Murphy, and Cox (1986) that 
intravenous injection of C. neoformans antigen trig
gered the induction of a cascade of C. neoformans 
suppressor cells (T cells) and factors that down
regulated the protective anticryptococcal cell
mediated immune response. Of this "cascade" of 
suppressor T cells (Ts I, Ts2, and Ts3), Ts3 worked in 
conjunction with Ts2 to inhibit the anticryptococcal 
DTH response in the murine model. The Tsl cells 
induced the Ts2 cells and so on (Khakpour and 
Murphy, 1987). It was Murphy's hypothesis that in 
humans, who have high serum levels of C. neofor
mans antigen, a similar induction of suppressor cells 
might occur. In 1988, Murphy and investigators at 
the CDC, Georgia State and at the University of 
Nevada reported that mannoprotein was the pri
mary component recognized by the anticryptococ
cal cell-mediated immune response in mice. In 1989, 
Murphy and her student Paul Fidel found that 
cyclosporin A, a potent immunosuppressive drug, 
affected DTH cells (suppression effect). 

Following Juneann Murphy's demonstration that 
cell-mediated immunity is a key host cell defense in 
cryptococcosis, her research focused on defining the 
lymphokines associated with induction and regula
tion of the anticryptococcal cell-mediated immune 
response. Her studies have shown that in mice 
immunized with cryptococcal antigen, two other 
populations of CD4+ T cells were induced in addi
tion to suppressor cells: TDH cells, responsible for 
the anticryptococcal DTH response, and Tamp cells, 
responsible for amplification of this response. Mur
phy's data (1993) showed that "spleen cell popula
tions that contain TDH and Tamp cells produced 
more lymphokines (gamma interferon and interleu
kin-2 [IL-2]) than spleen cell populations that con
tained only TDH cells" (p. 4750). These lymphokines 
were influential in the development of the antic
ryptococcal response amplified by the Tamp cells. 
Murphy (1993) stated that these results may serve as 
a basis for future studies in understanding the 
mechanisms by which lymphokines affect clearance 
of C. neoformans from infected human tissues. 

The activity of the cytotoxic effector cells, or 
natural killer (NK) cells, had been described since 
the 1970s by R. Kiessling, E. Klein, and H. Wigzell 
( 197 5). NK cells were found in lymphoid tissues, but 
were absent at birth and in the thymus of normal, 
unimmunized individuals. The role of NK cells as 
primary mammalian host defense mechanisms 
against viral and tumor targets had been studied, 
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but their role as nonphagocytic killer cells, a natural 
defense mechanism in infectious diseases, had not 
been established by the early 1980s. 

In 1982, substantial but indirect evidence was 
provided by Murphy and Olga McDaniel that 
unstimulated murine splenic cells with the character
istics ofNK cells could inhibit the in vitro growth of 
C. neoformans. Therefore, NK cells were potentially 
the third means of natural cellular immunity, the 
other two being macrophages and neutrophils. By 
1985, Murphy's group had "elucidated" some 
mechanisms by which NK cells affected C. neofor
mans. In vitro, NK cells bound and formed con
jugates with C. neoformans, with the number of these 
conjugates being directly proportional to the degree 
of growth inhibition (Nabavi and Murphy, 1985). In 
1991, Michelle Hidore, Nasrin Nabavi, F. Sonleit
ner, and J.W. Murphy demonstrated the participa
tion ofNK cells in the clearance of C. neoformans in 
vivo by exocytosis of cytolytic material. This process 
resulted in the death of C. neoformans and was the 
same sequence of events observed in the interactions 
of NK cells with tumor targets. Murphy, Hidore, 
and Si Chai Wong had shown by 1993 that human 
NK cells, monocytes, and T lymphocytes bound and 
inhibited the growth of C. neoformans cells in the 
absence of cryptococcal antibody or complement (a 
nonphagocytosis process). 

Murphy's group also became interested in the 
potential surface components of C. neoformans 
involved in chemotaxis of neutrophils. Zhao Dong 
and Murphy (1993) had hypothesized that two 
chemotactic factors were involved; one was C. 
neoformans derived, and the second was serum 
derived. Both factors were activated by cryptococcal 
components. It was then concluded that capsular 
glucuronoxylomannan was a contributor to the 
direct chemotactic activity of human neutrophils 
and that capsular mannoprotein only stimulated 
indirect chemotatic activity. At the University of 
Nevada, Thomas Kozel, M.A. Wilson, G.S.T. 
Pfrommer, and A.M. Schlageter (1989) demon
strated that the classical complement pathway had 
little or no role in the opsonization of C. neoformans. 

Candida albicans 

At the University of South Florida, Julie Djeu 
directed her research toward the antifungal activity 
of neutrophils against C. albicans. She investigated 
the factors released by T lymphocytes and natural 
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killer cells (as large granular lymphocytes) that 
induced killing by neutrophils. By using a rapid 
radiolabel microassay, Djeu measured the growth 
inhibition of C. albicans by lymphokine regulation 
of neutrophils. By 1986, Djeu, Kay Blanchard, 
Demetrios Halkias, and Herman Friedman had 
shown that two lymphokines, tumor necrosis factor 
and gamma interferon, could activate neutrophils. 
They also reported that neutrophils were better than 
peripheral blood lymphocytes in inhibiting growth 
of C. albicans in vitro. In addition, natural killer cells 
could produce those two lymphokines and granulo
cyte-macrophage colony stimulating factor (GM
CSF), among others. These factors had the ability 
to directly activate and mobilize neutrophils. Since 
the neutrophil-activating activity in natural killer 
cells was not neutralized by antibodies to tumor 
necrosis factor and gamma interferon, another fac
tor was also involved. By 1991, Blanchard, Beatriz 
Michelini-Norris, and Djeu had identified natural 
killer cells "as the source of neutrophil-activating 
factors, of which GM-CSF played a central role as a 
mediator between natural killer cells and neutro
phils" (p. 2259). This factor was not produced by 
monocytes or small mature T cells. Djeu noted the 
possibilitiy that these cells could produce other 
cytokines following activation by C. albicans and 
that further research was warranted to better under
stand the role of neutrophils in host resistance to 
infection. 

In 1988, Lehrer, Ganz, Szklarek, and Selsted 
reported that human neutrophils contained four 
defensins (six in rabbits), and that only two of them, 
HNP-1 and HNP-2, killed C. albicans effectively in 
vitro. 

Meanwhile, Richard Calderone, at Georgetown 
University, focused his research on the identification 
of C. albicans receptors that bind complement as 
well as the potential pathogenic role of these recep
tors. Several membrane glycoproteins (CRl, CR2, 
CR3, and CR4) are found on human peripheral 
blood cells. These glycoproteins serve as receptors 
for the binding of cleavage products of the third (C3) 
component of complement (e.g., CR2 binds C3d) 
and fungal cells also have similar specific receptors. 
In 1988, Calderone, Lisa Linehan, Elsa Wadsworth, 
and Ann Sandberg initiated for the first time the 
investigation of the functional significance of the 
receptors for C3 complement fragments on C. 
albicans. They identified two protein receptors, 
IC3b (7 kDa) and C3d (60 kDa), that bound the 

corresponding C3 fragments of complement in C. 
albicans hypha! extracts. It was shown in 1991 by 
immunofluorescence and immunoelectron micro
scopy technology, that the C3d receptors (CR2) 
were produced by both forms of C. albicans in vitro 
and in vivo (murine model) conditions (Toshio 
Kanbe, Ren-Kai Li, Elsa Wadsworth, Calderone, 
and Jim Cutler from Montana State University and 
Georgetown University). The receptors ofblastoco
nidia were buried at the level of the plasma mem
brane. By 1993, Calderone's group had purified the 
receptors, mannoproteins, from blastoconidia (50 
kDa) and hyphae (60 kDa) of C. albicans. Both 
mannoproteins inhibited the binding of antibody
sensitized sheep erythrocytes conjugated with iC3b 
or C3d by hyphae of C. albicans. Wadsworth, 
Prasad, and Calderone reported in 1993 that 
although the two mannoproteins had dissimilar 
properties, they had a common antigenic determi
nant. 

At Tulane University, the research focus of Judith 
Domer and her students was to examine the regula
tion of the cellular immune responses mediated by 
candida! cell wall mannan and glycoproteins in a 
murine model. In 1989, Domer, R.E. Garner, and 
R.N. Befidi-Mengue extracted mannan from C. 
albicans and found that the cell-mediated response 
to mannan was greater than the response to cell wall 
glycoprotein in vivo. The effect was reversed in vitro. 
However, it was unclear which component of the 
mannan extract, e.g., mannan, protein, or the intact 
mannoprotein, "was responsible for the detection as 
well as the suppression of cell-mediated immunity" 
(Domer eta!., 1989, p. 697). Therefore, their conclu
sion was that complete separation of the mannan 
component from the protein component were essen
tial to clarify this issue. 

Oropharyngeal and gastric infections with Can
dida spp. occur frequently in AIDS patients, how
ever, in the early stages of AIDS systemic candidia
sis is rare. Because of that, development of an animal 
model of a retrovirus-induced immunodeficiency 
syndrome was developed to examine the exacerba
tion of gastric candidiasis. Garry Cole and K. Saha 
eta!. (1992) in collaboration with the M.D. Ander
son Cancer Center and the University of Sao Paulo 
(Brazil) reported the first murine model of invasive 
gastrointestinal candidiasis associated with an 
AIDS-related murine immunodeficiency syndrome. 
Infant mice were infected by oral-gastric inoculation 
with the retrovirus complex. This model would allow 



investigations of Candida infections in the immuno
suppressed host during progressive stages of AIDS
associated induced infection in mice. 

Host defenses against the dimorphic fungi 

Coccidioides immitis 

It had been shown by Demosthenes Pappagianis and 
coinvestigators (Beaman, Pappagianis and Benja
mini, 1977) at the University of California, Davis 
that T lymphocytes were essential in protecting mice 
against C. immitis. Although these cells did not kill 
the fungus, they had a role in initiating its killing by 
macrophages (phagosome-lysosome fusion). By 
1983, LoVelle Beaman, E. Benjamini, and Pappa
gianis demonstrated that the release oflymphokines 
was induced by exposure of macrophages to antigen
stimulated splenic lymphocytes. This killing 
mechanism, which had not been previously 
described, activated macrophages thus enhancing 
phagocytosis and killing. 

In 1991, Theo Kirkland et a!. reported that a 
soluble conidial wall fraction (SCWF) of C. immitis 
stimulated murine T cells in vitro. Their generation 
of an antigen-specific murine T-cellline for SCWF 
demonstrated that the most antigenic subfractions 
of SCWF had molecular masses of 43 to 66 kDa. A 
portion of the gene, which encoded one T-cell 
antigen, was cloned and expressed as a lambda gt11 
fusion protein by Kirkland eta!. (1991). Previously, 
three clinically relevant antigens (diagnostic serol
ogy) from coccidioidin (the immunodiffusion and 
precipitin antigen [IDTP], the immunodiffusion and 
complement-fixing antigen [IDCF], and the heat
stable antigen in extracts of mycelium [IDHS] had 
been isolated and identified by Rebecca Cox and 
Lorene Britt (1987) at the San Antonio State Chest 
Hospital. By using two-dimensional immunoelec
trophoresis, Cox and Britt (1987) demonstrated that 
these three antigens were contained in both spher
ulin and coccidioidin preparations. 

Histoplasma capsulatum var. capsula tum 

At the University of California, Los Angeles, Dexter 
Howard and his graduate and postdoctoral students 
("Training Trees", Appendix B) continued investi
gating the host defense mechanisms in histoplasmo
sis capsulati. By 1984, Betty Wu-Hsieh and Howard 
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had observed that lymphokines armed macrophages 
against H. capsulatum var. capsulatum in vitro and 
that lymphokines had a high interferon activity (heat 
stable and acid labile). In 1994, Nakamura, Wu
Hsieh, and Howard demonstrated that recombinant 
murine gamma interferon "was the key element 
within the lymphokine-containing supernatants 
which was responsible for activating macrophages 
to the growth inhibitory state" (p. 683). This activa
tion required the metabolism of arginine. George 
Deepe focused his investigations on the immune 
disturbances associated with H. capsulatum var. 
capsulatum. He conducted these studies under Ward 
Bullock at the University of Cincinnati, where he did 
his postdoctoral training (Dalldorf Fellow 1981-
1983) ("Training Trees", Appendix B). Deepe first 
isolated and propagated H. capsulatum-reactive 
murine T-cell lines (TCL, CD3+ and CD4+) and 
clones. These cells released IL-2 and a factor that 
stimulated macrophages to limit H. capsulatum 
growth in vitro. Deepe demonstrated in 1988 that 
neither TCL nor cloned T cells could transfer 
resistance to this fungus nor confer a DTH response 
in vivo. However, CD4+ cells from immunized mice 
could enhance an immune response. 

Blastomyces dermatiditis 

At the Santa Clara Valley Medical Center, Elmer 
Brummer's focus of investigation was the phagocy
tic host defense mechanisms of resistance in blas
tomycosis. David Drutz and C.L. Frey (1985) had 
previously reported the importance of human pha
gocytes as a nonspecific defense against B. dermati
tidis conidia and hyphae; however, the parasitic 
form (yeast) was resistant to killing by phagocytes. 
By 1984, Brummer and David Stevens had hypothe
sized that neutrophil fungicidal activity was specifi
cally enhanced by T-cell products, such as chemota
tic factors (lymphokines), and by leukocyte and 
monocyte migration-inhibitory factors. Their inves
tigation demonstrated for the first time a link 
between the soluble factors produced by stimulation 
of sensitized lymphoid cells with B. dermatitidis 
antigen and the induction of enhanced antimicrobial 
activity of neutrophils against B. dermatitidis in 
vitro. In 1992, Brummer and his colleagues at Chiba 
University (Japan) investigated several mechanisms 
of resistance of B. dermatitidis to killing by neutro
phils. Their data suggested that resistance to killing 
was dependent on the "inefficient generation of 
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products from the peroxidase-dependent neutrophil 
microbicidal system" (Brummer, N. Kurita, S. 
Yoshida, K. Nishimura, and M. Miyaji, 1992, p. 
233). Brummer had previously shown in the mid-
1980s that lymphokines could modulate host pha
gocyte fungicidal activity in vitro and that purified 
interferon gamma stimulated the fungicidal activity 
of macrophages and neutrophils. 

The in vitro interaction between macrophages 
and their activities and azole antifungal agents 
against B. dermatitidis was investigated in 1992 by 
Brummer, Purushothama Bhagavathula, Linda 
Hanson, and Stevens. They demonstrated that itra
conazole fungistatic concentrations in combination 
with murine peritoneal macrophages synergistically 
killed B. dermatitidis. In 1993, Brummer, Hanson, 
and Stevens also reported the direct relationship 
between disease progression (blastomycosis) and 
elevated serum levels of IgE with the production of 
the IL-4 lymphokine by antigen-stimulated murine 
spleen cells. In contrast, they observed an inverse 
relationship between serum IgE and gamma inter
feron levels, that was associated with resistance to 
infection and healing. Elevated IgE serum levels had 
been reported in association with chronic parasitic 
disease progression in mice. Brummer eta!. (1993) 
extended for the first time this association to murine 
blastomycosis. A new animal model for the study of 
immunoregulation in fungal diseases was thus pos
tulated by inducing a chronic infection in immu
nized mice. At Boston University Medical Center, 
Alan Sugar and Michele Picard (1991) used Brum
mer's animal model that was developed in the early 
1980s to demonstrate that at 37°C both macro
phages and H20 2 could selectively block transition 
of germinating conidia to B. dermatitidis yeast form. 

Host defenses against Aspergillus fumigatus and 
Rhizopus arrhizus 

In human and experimental animal infections, neu
tropenia and neutrophil or macrophage dysfunction 
are the greatest risk factors to invasive aspergillosis. 
As a Dalldorf Fellow (1984-1986), Stuart Levitz 
focused his research on the role of the phagocytic 
host defense (neutrophils and macrophages) in 
aspergillosis and zygomycosis. Levitz conducted his 
postdoctoral studies under Richard Diamond's tute
lage at Boston University ("Training Trees", Appen
dix B). In 1985, Levitz and Diamond reported the 
extreme resistance of the resting A. fumigatus con-

idial cells to oxidative and nonoxidative fungicidal 
products of neutrophils. They found that in addition 
to their natural resistance, a suboptimal release of 
neutrophil products was stimulated by resting con
idial cells. The following year, Levitz, Michael 
Selsted, Thomas Ganz, Robert Lehrer, and Dia
mond demonstrated that the dormant, resting A. 
fumigatus and Rhizopus arrhizus (as A. oryzae) 
conidial cells were also not killed by rabbit neutro
phil and defensins (macrophage antimicrobial catio
nic peptides) (Selsted, Brown, DeLange, Harwig, 
and Lehrer, 1985). However, the fungicidal activity 
of phagocytic cells and their cationic peptides was 
acitvated once the invasive form of these fungi began 
to grow. These results corroborated Diamond's 
group data reported in the late 1970s that neutro
phils and macrophages attached to hyphae and 
caused damage by release of oxidative metabolites. 

Waldorf, Levitz, and Diamond (1984) found that 
bronchoalveolar macrophages from normal mice 
participated in defense against R. arrhizus (as R. 
oryzae) by inhibiting the germination of conidia or 
conversion to the tissue-invasive stage. In contrast, 
defense against A. fumigatus was not dependent on 
inhibition of conidial germination but on early kill
ing of conidia. In diabetic and cortisone-treated 
mice, bronchoalveolar macrophages allowed con
idial germination or infection by R. arrhizus. In the 
cortisone-treated mice, macrophages did not kill 
fungal conidia, and aspergillosis infection occurred. 
Levitz et a!. (1986) concluded, "it is only when 
phagocytic defenses are profoundly disturbed that 
invasive infections are seen" (p. 488). 

HIV- (human immunodeficiency virus) infected 
patients are susceptible to invasive aspergillosis 
(without neutropenia or corticosteroid therapy risk 
factors) and neutrophils are an important compo
nent of the host defense in aspergillosis. This knowl
edge led Emmanuel Roilides, Andrew Holmes, 
Cassann Blake, Philip Pizzo, and Thomas Walsh 
(1993) to investigate the antifungal activity of neu
trophils in 31 HIV-infected children. They also 
examined whether these patients' serum circulating 
factors and active HIV viral proteins were able to 
suppress neutrophil function. In addition, they 
investigated the possibility of improving the 
impaired patient's neutrophil antifungal function 
with the granulocyte colony-stimulating factor (G
CSF). It was then concluded by Roilides et al. (1993) 
that patients with low CD4 cell counts ( < 25% of 
normal median value) had impairment of serum-



mediated antifungal activity; the defective function 
of neutrophils was partially corrected by G-CSF in 
five patients. In the same year, the hypothesis that 
corticosteroids had a deleterious effect on neutrophil 
antifungal function was evaluated by Roilides, 
Katrin Uhlig, David Venzon, Pizzo, and Walsh 
(1993). They investigated their hypothesis by study
ing the potential preventive utility of G-CSF and 
gamma interferon and concluded that "corticoster
oids impair neutrophil function in response to A. 
fumigatus and that G-CSF and gamma interferon 
prevent this impairment" in vitro (Roilides et a!., 
1993, p. 4870). This mechanism has potential clinical 
significance, because it may serve as an adjunct to 
antifungal chemotherapy for the prevention and 
treatment of invasive aspergillosis in corticosteroid
treated patients. 

Pathogenicity: Fungal enzymes 

John Rippon's association of enzymes with viru
lence in the late 1960s led various investigators to 
investigate the role of different fungal enzymes in 
pathogenicity. At the University of Nevada, David 
Lupan and Pasipanodya Nziramasanga (1986) 
reported that C. immitis had collagenolytic and 
elastinolytic activity in vitro. At the University of 
Texas, Austin, Ling Yuan and Garry Cole (1987) 
characterized a single proteinase from C. immitis 
with those two activities. This enzyme can degrade 
human immunoglobulins and could "represent an 
important virulence factor in the development of 
coccidioidomycosis" (Yuan and Cole, 1987, p. 
1970). Subsequent data developed by Cole and his 
graduate students ("Training Trees", Appendix B) 
suggested that the purified proteinase had a molecu
lar size of 34-kDa and that the enzyme was localized 
in the cell walls of the C. immitis parasitic form(im
munoelectron microscopic studies). Cole et a!. iso
lated and expressed in 1992 the gene that encoded 
the enzyme. In the same year, David Kruse and Cole 
isolated and characterized the alpha-glucosidase 
enzyme that was "identical to the 120-kDa tube 
precipitin (TP) antibody-reactive mycelial fraction 
of C. immitis" (p. 4350). Both forms of C. immitis 
were able to express this enzyme. These facts sug
gested to Kruse and Cole (1992) that this enzyme 
could be responsible for plasticization of the cell wall 
that leads to spherule differentiation during the 
rapid diametric growth of the parasitic form. 
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Demosthenes Pappagianis and his graduate stu
dents ("Training Trees", Appendix B, University of 
California, San Francisco and Davis) also investi
gated the enzymology of C. immitis. Steven Resnick, 
Pappagianis, and James McKerrow (1987) isolated 
and characterized two major proteolytic compo
nents of C. immitis, a potent serine elastase and a 
metalloproteinase, and more importantly they 
hypothesized their potential association with viru
lence. A chitinase was isolated from C. immitis 
spherule-endospores by Suzanne Johnson, Charles 
Zimmerman, and Pappagianis (1993). Based on 
biochemical properties and serologic activity, this 
chitinase was identical to the complement fixing 
(CF) antigen. Amino-terminal protein sequence 
analysis of the chitinase linked the IDCF antigen 
with chitinase activity. 

In the 1960s, Fritz Staib (1965) from Germany 
discovered a candida! proteinase. This important 
finding led to the characterization of candida! pro
teinase isoenzymes by R. Riichel, also in Germany, 
in 1981; three strain dependent enzymes were found 
by Riichel. In 1985, Kyung Joo Kwon-Chung, 
Donna Lehman, Carol Good, and Paul Magee used 
a murine model to examine the virulence of a 
proteinase-deficient mutant, its parent, and one 
proteinase-producing revertant. They concluded 
that the extracellular proteinase produced by C. 
albicans is one of the virulence factors associated 
with this organism" (Kwon-Chung et a!., 1985, p. 
571). There was a good correlation between the 
degree of virulence and the level of proteinase 
produced. At the CDC, Timothy Lott, L.S. Page, P. 
Boiron, J. Benson, and Errol Reiss (1989) reported 
the sequence of the C. albicans aspartyl proteinase 
(AP) gene; a total of 1705 bp were included in this 
proteinase. Based on evidence collected in England 
by Sullivan and Wright (1992), that more than one 
gene encoded the extracellular AP of C. albicans, 
Christine Morrison et a!. (1993) examined the 
possibility that more than one protein was present 
in AP preparations. They detected three dominant 
proteins (41, 48, and 49 kDa) by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis in puri
fied AP preparations. The CDC, the Century Chil
dren's Hospital, Mexico City and Emory University, 
Atlanta conducted this study. 

The potential relationship between the extracellu
lar acid proteinase from C. albicans and virulence led 
to the cloning of genes for this enzyme in four 
laboratories in Europe, New Zealand and the United 
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States. The gene that is regulated by switching 
(between opaque and white colony formation) in C. 
albicans codes an acid proteinase (Morrow et al., 
1992). This gene is identical to the one isolated by B. 
Hube and his collaborators in Europe in 1991. These 
results indicated that different functions could be 
produced by two homologous genes. Beatrice 
Magee collaborated with colleagues in Europe and 
New Zealand (B. Magee, Hube, Wright, Sullivan, 
and P.T. Magee, 1993) and assigned the clones of the 
extracellular proteinase genes to the electrophoretic 
karyotypes of C. albicans. They also searched for two 
genes to be present. Their conclusion was that the 
"two genes map to different chromosomes, that 
every strain tested so far contains both genes, and 
that the nonidentity of the two genes was confirmed" 
(B. Magee et al., 1993, pp. 3240-3241). In addition, 
they found evidence for additional genes which 
suggested that there was a gene family in C. albicans. 
These investigators named this "gene family" the 
"secreted acid proteinase (SAP) family". 

Molecular genetics 

The genetics of C. albicans were extensively studied 
in the 1980s. Although auxotrophic mutants had 
been isolated and characterized since the 1970s, 
mapping and recombination studies were only 
initiated in the 1980s. The most influencial discovery 
was the recognition that C. albicans was a diploid 
organism when studied by UV-induced mitotic 
recombination that yielded auxotrophs (Whelan, 
Partridge, and P.T. Magee, 1980, at Michigan State 
University). This discovery corroborated an earlier 
conclusion by Ayodele Olaiya and Stephen Sogin 
(1979) that was only based on DNA content. It also 
led to significant progress in fungal genetic analysis. 
Another important contribution in this area of 
research was evidence from Wichita State University 
that the protoplasts of complementing auxotrophs 
of C. albicans could fuse in the presence of poly
ethylene glycol and generate prototrophic cells (Sar
acheck, Rhoads, and Schwarzhoff, 1981). Another 
tool for the study of fungi by genetic recombination 
had thus been developed. 

During the late 1970s, DNA transformation and 
gene replacement in fungi with S. cerevisiae as a 
model began to appear in the literature. The yeast 
transformation system allowed the introduction of 
cloned DNA sequences into chromosomes by 
homologous recombination. This important prop-

erty led to the development of procedures for precise 
replacement of chromosomal regions with in vitro
altered DNA sequences (e.g., gene replacement). 
Because of that, Bruce Miller, Karen Miller, and 
William Timberlake (1985) demonstrated that A. 
nidulans genes can be replaced with mutant alleles 
made in vitro by either the one- or two-step proce
dure developed by Stewart Scherer and Ronald 
Davis (1979) for S. cerevisiae. Gene replacement 
permitted "rapid proof of the identity of new genes 
that are isolated by complementation of mutations" 
(B. Miller et al., 1985, p. 1714). It also made possible 
the investigation of the biochemical and biological 
consequences of introducing a specific, preselected 
mutation into the genome of otherwise unaltered 
cells. 

At the Squibb Institute for Medical Research, 
Myra Kurtz, Mark Cortelyou, and Donald Kirsch 
(1986) developed a DNA-mediated transformation 
system that further improved the genetic analysis of 
C. albicans and other fungi. Because transformation 
was uncommon, "this system requires a gene that 
functions in the host and a system for selecting 
individuals that have taken up and expressed this 
gene" (p. 142). Kurtz et al. (1986) chose the cloned 
C. albicans ADE2 gene for transformation. This 
plasmid DNA became stably integrated into host 
DNA at the site of the ADE2 gene and became the 
first DNA-mediated transformation in C. albicans; it 
facilitated the creation of selective markers and was 
a valuable tool for the genetic manipulation of this 
yeast, and later led to the transformation of other 
fungi. Jeffrey Edman and Kyung Joo Kwon-Chung 
(1990) from the University of California, San Fran
cisco and the NIH, respectively, isolated the marker 
URA5 gene from C. neoformans. 

Research was directed towards cloning the genes 
of C. albicans when the transformation system of this 
yeast became available. Libraries of Candida DNA 
for complementation of auxotrophic mutations led 
to the identification of a significant number of DNA 
sequences. Simultaneously, pulsed field techniques 
of orthogonal field alternating gel electrophoresis 
(Schwartz and Cantor, 1984; Carle and Olson, 
1984), field inversion gel electrophoresis (Carle, 
Frank, and Olson, 1986), and contour-clamped 
homogeneous field electrophoresis (CHEF) (Chu, 
Vollrath, and Davis, 1986) were developed. These 
procedures allowed the visualization of chromo
somes. David Schwartz and Charles Cantor (1984) 
at Columbia University and C.F. Carle and M.V. 



Olson (1984) developed pulsed-field gradient elec
trophoresis, a new agarose gel electrophoresis sys
tem capable of fractionating up to 2-Mb chromo
some molecules. With this system, the chromosomes 
of S. cerevisiae were separated intact for the first 
time. By use of Southern blotting (Southern, 1975) 
and hybridization with chromosomally assigned 
probes, "gel bands can be assigned to their corre
sponding chromosomes" (Schwartz and Cantor, 
1984, p. 67). Two years later at Stanford University, 
Gilbert Chu, Douglas Vollrath, and Ronald Davis 
(1986) manipulated electric fields by "arranging 
multiple electrodes along a polygonal contour and 
clamped to predetermined electric potentials" (p. 
1582). The CHEF overcame the problem of a non
uniform electric field. DNA molecules larger than 2-
Mb were resolved by Vollrath and Davis (1987) with 
the CHEF technique. Because pathogenic yeasts 
contain chromosomes that are larger than 2-Mb, 
the CHEF procedure became an important break
through. 

It was suggested at the University of Minnesota 
and Smith Kline and French Laboratories (PA) by 
Beatrice B. Magee, Y. Koltin, J.A. Gorman, and 
Paul T. Magee (1988) that C. albicans had seven 
chromosomes; pulsed-field electrophoresis proce
dures allowed this conclusion. They also assigned 
genes to these chromosomes by hybridization. In the 
ensuing year, other identified karyotypes gave an 
estimate of six to nine chromosomes. Brian Wickes 
et al. (1991), at the NIH and the University of 
Minnesota, utilized more advanced pulsed-field 
electrophoresis methodology and studies of genetic 
linkages to report that the basic number of chromo
somes for C. albicans was eight. Failure to separate 
the two largest chromosomes (including the rDNA 
gene) had led to a previous count of seven. During 
the same year, Wickes, J.E. Golin, and Kyung Joo 
Kwon-Chung (1991) demonstrated that phenotypic 
change occurred in conjunction with chromosomal 
rearrangement in C. stellatoidea type I (a subspecies 
of C. albicans). Kwon-Chung, Jeffrey Edman, and 
Wickes (1992) also used pulsed field electrophoresis 
to separate the chromosomes of the type culture of 
Filobasidiella neoformans var. neoformans and the 
tester strains (type a and type b). It was found that 
the two mating types had different karyotypes. It was 
demonstrated that type b was more virulent than 
type a in a murine virulence model with mating 
congenic strains. "These data suggested the genetic 
association of virulence with mating type in this 
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fungal pathogen" (Kwon-Chung et al., 1992, p. 
602). Wickes obtained his doctoral degree at Catho
lic University, Washington, DC, under the guidance 
of Kwon-Chung from the NIH and conducted his 
postdoctoral studies in Edman's laboratory at the 
University of California at San Francisco ("Training 
Trees", Appendix B). 

The genetics of two virulence factors of C. neofor
mans, the capsule and melanin, were the focus of 
Eric Jacobson's research at the Veterans Hospital 
and MCV, VCU. Jacobson and colleagues (1982) 
examined the inheritance of the cryptococcal cap
sule, a virulence factor that had been described by 
Glenn Bulmer in the 1960s. The production of the 
phenotypic and genetic characteristics of capsule 
mutants were also reported by Jacobson's group. 
They concluded that "chromosomal genes are 
responsible for synthesis of the cryptococcal capsule 
and that these genes were not linked to auxotrophic 
markers" (p. 1292). By 1991, Jacobson and 
Herschell Emery had provided genetic support for a 
model that linked melanization with resistance to 
oxygen toxicity and virulence of C. neoformans. In 
1993, Jacobson and Sheri Tinnell reported that the 
antioxidant capacity conferred by melanin had a 
value that approximated antimicrobial oxidant pro
duction by stimulated macrophages and they con
cluded that C. neoformans appeared to be protected 
by melanin against leukocyte oxidants. At Univer
sity of Texas, Austin, Philip Geis, Michael Wheeler, 
and Paul Szaniszlo (1984) confirmed for the first 
time that melanin (a possible virulent factor) synth
esis in Wangiella dermatitidis was produced by the 
pentaketide pathway. Mutants with a decrease or 
loss in melanin synthesis were induced and isolated. 

Studies conducted at the University of Iowa by 
Bernice Slutsky, Jeffrey Buffo, and David Soli (1985) 
demonstrated that C. albicans switched heritably 
and reversibly at high frequency between several 
general phenotypes identified by colony morphol
ogy on agar. Based on these results, Soli and his 
group concluded that switching may provide C. 
albicans and other fungi with "the capacity to invade 
tissue and diverse body locations, evade the immune 
system, or change antibiotic resistance" (Slutsky et 
al., 1985,p. 669). In 1987, Soli, Carol Langtimm, Jan 
McDowell, James Hicks, and Rudolph Galask 
reported for the first time that "switching is occur
ring at the site of infection and provides a minimum 
estimate of the number of types of switching systems 
and strains which are involved in vaginal candidia-
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sis" (p. 1611). In 1992, Brian Morrow, Thyagarajan 
Srikantha, and Soil identified the gene regulated by 
switching in C. albicans, which represented the 
transcript of an acid protease (PEP 1) of the pepsino
gen family. Two other genes were identified (Sri
kantha and Soli, 1993): Op4, which is on a different 
chromosome than PEP 1, and the white-specific 
gene, cWhll, which is not transcribed in opaque 
cells. 

Physiology and nutrition 

Bruno Maresca et al. (1981) discovered that 
"cysteine stimulation of oxygen consumption is due 
to a cytosolic cysteine oxidase activity, which is 
present only in yeast-phase cells" (p. 4596). They 
proposed a model that outlined the unique biochem
ical events during the three stages of temperature
induced mycelial to yeast form transition of H. 
capsulatum var. capsulatum. The cysteine oxidase 
from the yeast cells of H. capsulatum was isolated 
and purified by Vijaya Kumar et al. (1983). This 
enzyme appeared to play an important role in the 
form conversion of H. capsulatum var. capsulatum. 
In 1993, Paul Szaniszlo and his students reported 
that an extremely low pH synthetic medium contain
ing 0.1 mmol 1-1 Ca2+ induced large numbers of 
muriform cells of three etiologic agents of chromo
blastomycosis (Cladophialophora [as Cladosporium] 
carrionii, Fonsecaea pedrosoi, and Phialophora verru
cosa) as well as in the model of Wangiella dermatiti
dis. Leone] Mendoza, S.M. Karuppayil, and Szanis
zlo ( 1993) indicated that "Ca2 concentrations in 
human tissue may play a paramount role in the 
dimorphic switching between hyphae and sclerotic 
bodies" (p. 157). In the same year (1993), Chester 
Cooper and Szaniszlo developed an artificial para
sexual cycle in W dermatitidis and identified two of 
its cell division cycle genes, CDC1 and CDC2. The 
role of these genes in pathogenesis was unclear, but 
they govern yeast bud emergence. Mendoza, 
Cooper, Peng and Karuppayil were doctoral and 
postdoctoral students of Szaniszlo; Szaniszlo's 
major professor was John Nathaniel Couch ("Train
ing Trees", Appendix B). More recently with Peng 
and Cooper, the Szaniszlo group (personal commu
nication, 1995) has molecularly transformed W 
dermatitidis and subsequent students have cloned 
and disrupted a number of its genes, including its 
four chitin synthase genes. 

The role of oxidative injury induced by amphoter
icin B was investigated in 1986 by Marcia Sokol
Anderson, Janina Brajtburg, and Gerald Medoff. It 
was common knowledge that amphotericin B and 
other polygene macrolide compounds bind to the 
cell membrane's ergosterol, a major sterol in fungal 
cells (cholesterol in mammalian cells). However, the 
mechanism of cytotoxicity was not well defined. 
Sokol-Anderson et al. (1986) described two unique 
mechanisms of action of amphotericin B on fungal 
cells, a pre-lethal leakage of potassium (low ampho
tericin B doses) and a lytic effect caused by the doses 
used clinically. The latter effect was the only one 
closely tied to oxidative damage. Sokol-Anderson 
was a Dalldorf Fellow (1985-1987) who was spon
sored by Medoff at Washington University ("Train
ing Trees", Appendix B). 

Training and education contributions 1980 to 1996 

Support from the NIH for medical mycology train
ing has been very important to the discipline since 
the first award in 1958. By 1990, there were two 
sources of funding at the NIH, intramural and 
extramural. Intramural funding for medical mycol
ogy research was awarded to John Bennett and 
Kyung Joo Kwon-Chung at the National Institute 
of Allergy and Infectious Diseases (NIAID), to 
Philip Pizzo and Walsh at the NIH National Cancer 
Institute, and to the Infectious Diseases Section (T. 
Walsh, personal communication, March 15, 1994). 
The portfolio of extramural NIAID grants for 
medical mycology was administered by Dennis 
Dixon, beginning in 1992 when his position was 
created. Only 0.6% ($75 312, an average of $18 828 
each) of the NIAID extramural funding for medical 
mycology was allocated for four training grants in 
the 1991 fiscal year. In contrast, immunology, genet
ics, and molecular biology research and clinical 
trials continued to receive most of the NIH funds. 
The NIAID extramural funding for medical mycol
ogy research amounted to $10 292 695 for 57 pro
jects (an average of$180 574 each), or 89.1% of these 
NIAID funds (Bullock, Kozel, Scherer, and Dixon, 
1993; CVs; questionnaires). 

In 1996, a NIAID training grant (T32) was 
awarded to Montana State University with Jim 
Cutler as principal investigator (J. Cutler, personal 
communication, April 8, 1996). The intent of this 
interdisciplinary program, entitled Medical Mycol-



ogy Predoctoral Training Program (MMPT), was to 
develop Ph.D. scientists who would pursue a 
research career in medical mycology. In addition to 
the NIH-funded training program at Montana State 
University, NIH has granted funds for medical 
mycology basic research through program project 
grants to the UCLA Harbor Medical Center (Prin
cipal Investigator, John Edwards), Georgetown Uni
versity (Principal Investigator, Richard Calderone), 
and the University of California, San Diego (Princi
pal Investigator, Theo Kirkland). These investiga
tors focused their research activities on the develop
ment of a vaccine for coccidioidomycosis 
(Kirkland), the study of the pathogenesis of Candida 
(Calderone) as well as understanding the mechan
isms of adherence of Candida cells to humans cells 
(Edwards). These centers are important resources 
for basic research-oriented postdoctoral training. 

In the development and training of graduates in 
medical mycology, Judith Domer sees a shift from 
simple diagnosis to the study of basic mechanisms of 
infection and immunity. (J. Domer, personal com
munication, March 15, 1994). Errol Reiss sees a 
change in medical mycology focus since the 1980s 
as new areas emerge for training and research (E. 
Reiss, personal communication, January 25, 1994). 
Great emphasis is being placed on molecular biol
ogy, cloning and expression of genes, and the devel
opment of immunological testing, mostly with sup
port from the pharmaceutical industry as funds 
from governmental sources have been reduced sub
stantially. The transition in funding and support of 
medical mycology programs has changed the direc
tion of the discipline since the early 1980s. Many of 
the active training centers and programs that were in 
operation in the 1960s and 1970s either ceased to 
exist or have been substantially reduced in scope. 
Important examples of centers that have closed are 
as follows. 

The medical mycology program at Columbia 
University ceased to exist in 1981 at the time when 
Silva-Hutner retired (M. Silva-Hutner, personal 
communication, November 20, 1993; Irene Weitz
man, personal communication, August 8, 1994). At 
MCV, VCU, student interest had waned by the rnid
l980s, because the focus of the Microbiology 
Department was basic research. Jean Shadomy's 
medical mycology graduate course was discontinued 
in 1986 and it was replaced by a section of a 
microbiology course for graduate students given by 
the physician, Eric Jacobson, who trained in medical 
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mycology at Washington University. Jacobson's 
lectures concentrated on C. neoformans genetics 
and pathogenicity, the immunology of mycoses, 
rapid diagnosis, fungal metabolites and dimorphism 
(E. Jacobson, personal communication, January 4, 
1994). Clinical mycology was taught to the medical 
students by Thomas Kerkering and Jacobson as part 
of grand rounds and intern training. Smith Shade
my's work in the field of antifungal susceptibility 
testing ended with his untimely death on June 22, 
1992. Jean Shadomy retired from MCV, VCU the 
following year and Ana Espinel-Ingroffhas been the 
director of the Medical Mycology Research Labora
tory since 1990. 

The medical mycology reference laboratory at the 
University of Kentucky was closed in 1982. When 
Michael Furcolow retired in 1984, Norman Good
man moved to the Department of Pathology and due 
to the difficulty in doing medical mycology research, 
student interest waned. This training program no 
longer exists (N. Goodman, personal communica
tion, May 24, 1994). In 1988, Michael McGinnis 
moved from the University of North Carolina 
(UNC), Chapel Hill to the University of Texas 
Medical Branch at Galveston to create a medical 
mycology research center (McGinnis, 1994) where 
Chester Cooper and Lester Pasarell joined him. 
McGinnis' course was discontinued at UNC. Roy 
Hopfer continued informal medical mycology train
ing at UNC via five hours of lectures to first-year 
medical students and maintained an active research 
laboratory. When Bill Cooper died in 1987, he was 
not replaced at Baylor University. The Naval Biolo
gical Laboratory in Oakland, California was closed 
in the early 1990s due to budget problems. (H. 
Levine, personal communication, June 27, 1994). 
Both Everett Beneke and Alvin Rogers retired in 
1993 from Michigan State University and their 
training program was closed. However, Leone! 
Mendoza is now at this institution. 

After Leanor Haley's retirement in 1986, the 
training branches at the CDC were discontinued 
because the federal government decided that the 
CDC should focus on the prevention and epidemiol
ogy of diseases. Before her death (May, 1996), Haley 
expressed great concern about reductions in medical 
mycology training programs in the United States (L. 
Haley, personal communication, December 31, 
1993). Libero Ajello retired from the CDC after 43 
years of service in September of 1990 after Lucille 
Georg and William Kaplan retired in the 1980s; 
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neither was replaced. The Molecular Biology Sec
tion continued to be an active reference point for 
molecular biology and genetics research (see scien
tific contributions sections) and informal training. 
In addition, training was provided by Arvind A. 
Padhye, Leo Kaufman, and Paul Standard on a 
one-to-one level at the CDC reference laboratory 
(A. Padhye, personal communication, March 16, 
1994). Recently, the CDC group and the National 
Laboratory Training Network Southeastern Office 
began conducting workshops. 

Conventional training approaches have been 
challenged and the need for more medical research 
has become paramount. Although training in medi
cal mycology has not disappeared, it has taken a 
more informal direction under the guidance of 
individual researchers with a shift in emphasis 
towards one-on-one training. Another disturbing 
trend is that graduate schools are creating molecular 
biologists who work with fungi, but who do not 
know the biology of the fungal cell (1. Salkin, 
personal communication, February 22, 1994). 

Based on the research conducted for this study 
(questionnaires, interview responses, CVs, and 
reviews of scientific papers), two avenues to training 
are discussed below: formal and informal. Formal 
training is given through structured courses or 
sections of courses at the university level for M.S. 
and Ph.D. students (often tied to teaching hospitals). 
Informal training is mostly associated with labora
tory visits and, more importantly, postdoctoral 
training with individual researchers (often tied to 
teaching hospitals). Training from both avenues 
remains available at the institutions noted in the 
following sections. Since 1996, some of the indivi
duals listed in the following sections have retired, 
moved to another institution, or died. 

Formal training 

Those centers having established medical mycology 
training programs that continued through the 1980s 
were recognized previously (See Chapters III to V). 
In addition, other centers also have provided formal 
training as described above (see "Training Trees", 
Appendix B). These centers and their principal 
investigator(s) are listed as follows: the University 
of Oklahoma at Oklahoma City (Juneann Murphy); 
the University of Iowa College of Medicine (David 
Soli); Wayne State University (Charles Jeffries); the 

University of Nevada (Thomas Kozel); Georgia 
State University at Atlanta (Donald Ahearn and 
Sally Meyers); the University of Texas at Austin 
(Paul Szaniszlo); the University oflowa (David Soli 
and John Cazin); and the University of Minnesota 
College of Biological Sciences (Paul and Beatrice 
Magee). In most instances, informal training also is 
available at these institutions. 

Judith Domer, a Tulane University graduate 
under Morris Shaffer, became Director of the 
Mycology Program at that institution in 1980 when 
Friedman retired. Although NIH training grants 
have been discontinued, Domer continued an active 
research program and was awarded NIH basic 
research grants for graduate and postdoctoral fel
lows (J. Domer's CV; "Training Trees", Appendix 
B). A medical mycology graduate course continues 
to be taught at Montana State University by Jim 
Cutler. Gene M. Scalarone, who trained with 
George Cozad at the University of Oklahoma and 
Hillel Levine at the University of California, Berke
ley, came to the Idaho State University in 1980. 
Beginning in 1981, he taught a medical mycology 
course at this institution. 

Informal training 

Opportunities for informal training in medical 
mycology are quite diverse and include several new 
medical centers in addition to the ones described in 
previous chapters and Appendix B. Up to 1996, 
most of these centers specialized in postdoctoral 
training, including: the University of Iowa College 
of Medicine (Michael Pfaller); the University of 
Alabama (William Dismukes, Michael Sagg, and 
Peter Pappas); the VA Medical Center at Ann Arbor, 
Michigan (Carol Kauffman); the University of Cali
fornia at San Francisco (Jeffrey Edman); Myco 
Pharmaceuticals, Inc. at Cambridge, Massachusetts 
(William Timberlake); the UCLA Medical Center
Harbor (John Edwards and Scott Filler); and the 
University of Minnesota (Paul T. and Beatrice 
Magee). 

Michael Rinaldi arrived in 1984 at the University 
of Texas, San Antonio, and initiated an active 
medical mycology reference laboratory for fungal 
identification and antifungal susceptibility testing. 
Rinaldi is well known for his numerous lectures and 
seminars, which he calls his "missionary work", that 
have promoted the discipline around the world. In 



addition, Rinaldi has provided workshops in clinical 
microbiology at Montana State University for trai
nees enrolled in the NIH-sponsored program under 
the direction of Cutler at that university. Kevin 
Hazen, a student of Cutler and George Kobayashi 
and Gerald Medoff ("Training Trees", Appendix B), 
is at the University of Virginia Medical Center 
(UVA) in Charlottesville as Associate Professor of 
Pathology and Microbiology. Trainees from Cutler's 
program have the opportunity to spend two to three 
months of clinical mycology laboratory training 
under Hazen's direction at UV A. 

At the University of Cincinnati College of Medi
cine, Cincinnati, Ohio, many individuals have dedi
cated their careers to medical mycology since Jan 
Schwarz and Gerald Baum began their pioneering 
work with H capaulatum var. capsulatum in the late 
1940s. Other outstanding medical mycologists who 
established medical mycology laboratories and pro
vided postdoctoral training at this university are the 
physicians Ward Bullock, who trained George 
Deepe (Dalldorf Fellow, 1981-1983; "Training 
Trees", Appendix B), his successor; Brian Wong; 
and P. Walzer. The Ph.D. scientist Judith Rhodes 
came to this university following her postdoctoral 
training (Dalldorf Fellow, 1980-1982, "Training 
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Trees", Appendix B). Wong, who had come to this 
university in 1984, moved to the VA Connecticut 
Health Care Center in West Haven and the Yale 
University School of Medicine. He received his 
medical mycology postdoctoral training (1978-
1980) under the guidance of the physician Donald 
Armstrong at the Memorial Sloan-Kettering Cancer 
Center and Cornell University Medical College. 

Elizabeth Keath conducted her postdoctoral 
medical mycology training between 1985 and 1990 
with Kobayashi and Medoff and established a basic 
research laboratory at Saint Louis University, St. 
Louis, Missouri. Her laboratory provides another 
source of medical mycology training ("Training 
Trees", Appendix B). 

An innovative collaborative effort entitled, "Focus 
on Fungal Infections", was initiated in 1990 by Elias 
Anaissie and Michael Rinaldi. The purpose of this 
annual conference "is the continued provision of 
practical and updated information to those clini
cians and laboratorians who are involved in the care 
of patients with invasive mycoses" (Conference 
program). The conference assembles internationally 
recognized experts to discuss the latest information 
on the diagnosis and management of a wide range of 
fungal pathogens in humans. 



VII. Summary and conclusions 

This historical study has traced the development of 
medical mycology as a discipline in the United States 
for the past 100 years. The discipline began within 
the context of sweeping technological and social 
changes in this country beginning in the late 1890s. 
Not long before, the country had emerged from the 
trauma and destruction of the Civil War, followed by 
westward expansion, as pioneers shook off the 
emotional depression of that terrible conflict. Mter 
the Civil War, the standard of living increased 
rapidly and brought demands for a better quality of 
life, including medical care and treatment. Known 
technologies were improved, such as the micro
scope, and bacteriological laboratories were estab
lished in the two newly founded medical schools at 
Columbia University in New York and the Johns 
Hopkins University and Hospital in Baltimore. The 
stage was set for the study of fungal diseases and the 
immediate reaction of the medical community to 
diagnose and treat these newly realized threats to 
public health. 

The epoch designated as "The Era of Discovery" 
encompasses the period from the late 1800s to 1919. 
The newly established medical center at Johns 
Hopkins, coupled with the creation of a "modem" 
bacteriological research laboratory, enabled a thor
ough investigation of the diseases caused by fungi to 
be initiated. Publications on fungal diseases coming 
from Europe and Latin America gave American 
investigators comparative studies and a scientific 
reference point, which were other contributing fac
tors. 

In the late 1890s and early 1900s, research rapidly 
expanded, findings were published and presented at 
scientific meetings, and fungal diseases began to be 
considered in the differential diagnosis of disease 
processes. As a consequence, other fungal diseases 
soon were described which led to the search for 
diagnostic tools in the laboratory and the initiation 
of studies to define and manage mycotic diseases. 
Although the discipline was established, research 
was isolated, there was much confusion, and no 
organized training or education was available; only 
a few physicians were concerned about the preva
lence of mycoses which they considered to be rare, 
but fatal. 
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During "The Formative Years" (1920-1949), the 
development of the discipline was advanced by the 
establishment of medical mycology foci of learning 
and dissemination of knowledge at universities and 
government supported reference centers (1926 to 
194 7). Fortuitously, the decision to establish medical 
mycologic research and training programs occurred 
when several trained, competent, young investiga
tors were just graduating. Although early medical 
mycologists had little knowledge of the fungi patho
genic to humans, they used the biology of plant 
fungal pathogens as a foundation to build upon. 

Rhoda Benham, highly regarded within the dis
cipline as a teacher and scientist, trained the first 
generation of medical mycologists in the United 
States and Chester Emmons established the federal 
government's first medical mycology research and 
reference laboratory at the NIH. This center devel
oped into a fundamental source for the creation and 
dissemination of basic and clinical medical mycol
ogy information; it also had a profound impact on 
directing the field. Confusion regarding fungal 
nomenclature was approached by developing logical 
classification systems and distinguishing descrip
tions of many fungal diseases. These contributions 
were turning points for the discipline, because they 
greatly improved the scientific knowledge of these 
pathogens. 

World War II brought a massive infusion of funds 
and the best technology to cope with the high 
incidence of fungal infections in military personnel. 
Medical mycology became significant as nearly 
every important leader in the field either served as a 
consultant and trainer during that time or received 
much of their orientation and training from those 
early leaders. Immediately following the war, the 
demand for training led Norman Conant, another 
early key figure, to develop his famous medical 
mycology textbook, summer course, and his gradu
ate study program. The impact of these training and 
educational activities resulted in more and better 
trained personnel to deal with the diagnosis of fungi 
in the clinical laboratory and improved patient 
management. The foundation for the next genera
tion of medical mycologists had been established. 



Among the individuals influenced and or trained 
by Conant were Howard Larsh and Libero Ajello, 
who became important leaders in the field. The 
higher incidence of mycoses during the war and the 
recognition that fungal diseases were not rare led the 
CDC to establish the division for medical mycology. 
Ajello was chosen to initiate a CDC reference 
laboratory in Atlanta in 1947 and he formed a team 
of medical mycologists who developed important 
laboratory diagnostic tests, conducted practical 
short courses for physicians and laboratory person
nel, and disseminated needed applied research infor
mation to the nation. The CDC approach became a 
model for applied research, reference laboratory 
work, and training. 

The period between 1950 and 1969 is designated 
in this study as "The Advent of Antifungal and 
Immunosuppressive Therapies". Although the first 
antitimgal agents were discovered in the late 1940s, 
and bacterial infections were treated with specific 
drugs since the 1930s, effective chemotherapy was 
not available for the treatment of systemic fungal 
infections in humans at the end of the 1940s. When 
the 1950s began, the mortality rate for patients with 
invasive mycoses stood at 50-100%, dependent on 
the severity of the disease, which demanded 
improved treatment. The direction of the discipline 
was changed in 1955, when patients with invasive 
fungal diseases were treated successfully with the 
newly developed amphotericin B. 

For the first time, effective antifungal agents were 
developed for patient management. This was fol
lowed by a new wave of opportunistic fungal infec
tions as a result of the use of immunosuppressive 
chemotherapy for oncology and transplantation 
patients. The government and the pharmaceutical 
communities provided the financial, technological, 
and human resources that brought rapid advance
ments in the field. Competent, well trained clinicians 
and researchers were insufficient in number to meet 
the higher incidence of severe and fatal opportunis
tic mycoses being diagnosed in immunosuppressed 
patients. The NIH, the CDC, and other government 
sponsored centers initiated evaluations of antifungal 
therapies and developed more, improved, and faster 
diagnostic tests, respectively. In 1968, the demand 
for more medical mycology training led to the 
appointment of Leanor Haley at the CDC, as the 
Chief of the newly founded Medical Mycology 
Training Branch with the mandate to expand and 
further develop training opportunities across the 
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country. Others within the discipline saw the need 
to expand academic education and initiated the 
transition from studies of the biology of fungi to 
studies at the molecular level. 

Professional mycological groups were influential 
in developing medical mycology, because they pro
vided a unified voice on issues, gave peer recogni
tion, initiated peer review to upgrade standards in 
the field, and promoted the discipline. The establish
ment of a Medical Mycology Division within ASM 
and MMSA brought together individuals as a group 
that could express concerns and speak on behalf of 
the field with respect to needs, priorities, and a vision 
for the future. 

The decade ofthe 1970s comprises what this study 
defines as "The Years of Expansion". This was the 
period when the science flourished and expanded at 
all levels of training and research. Two major scien
tific events changed and enlarged the role of fungal 
diseases in clinical medicine. First, there was an 
increase in the spectrum of available antibiotics and 
their use; second, more immunosuppressive and 
cytotoxic therapeutic agents were developed and 
utilized. The latter rendered patients highly suscep
tible to opportunistic fungal infections. Due to the 
increased incidence of these infections, rapid tests 
and commercial fungal identification systems were 
developed and refined, while existing methodologies 
were improved. The availability of these new tests 
stimulated interest in mycology among microbiolo
gists and physicians and by simplifying diagnosis, 
patient care was improved. 

The wider use of antibacterial, cytotoxic, and 
immunosuppressive chemotherapy created addi
tional demands for advanced formal and informal 
medical mycology training, as well as research. 
Particularly acute was the demand for trained clin
ical laboratory personnel and the need to provide 
physicians with concise and up-to-date information 
on the fungal pathogens. As a result, informal 
training programs for large and varied audiences 
began at a number of universities and medical 
centers. The NIH, private companies and founda
tions responded with additional funds to support 
training and research programs during "the Years of 
Expansion". 

Unfortunately, the need for partnerships was not 
always evident because there were sufficient 
resources available for investigators and trainers to 
work independently. The Brown-Hazen funds that 
came from the royalties set aside from the discovery 
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of nystatin by Rachel Brown and Elizabeth Hazen 
were devoted primarily to the development of struc
tured medical mycology training programs that 
included research. Grants from the NIH and 
Brown-Hazen Foundation were essential to the 
continuation and development of new postdoctoral 
and graduate training programs during the 1970s. 

The understanding of cell defense and other 
immunologic mechanisms, virulence, and genetic 
processes was viewed as a means to develop new 
strategies for the control and prevention of fungal 
diseases. Host-parasite interaction studies became 
more important as infectious diseases, including 
mycoses, were commonly diagnosed among imrnu
nocompromised patients. In the pursuit of a com
plete understanding of fungal pathogens, investiga
tions on the genetics, immunochemistry, and 
taxonomy of the fungi were intensified. More impor
tantly, these advances created the training and 
research resources that began to replace the struc
tured academic training programs that were termi
nated during the next era. 

"The Era of Transition" describes the years from 
1980 to 1994. This period also could be called the era 
of contrasts because several critical, yet conflicting, 
elements came to the forefront. The first cases of 
AIDS in the early 1980s introduced a new popula
tion of immunosuppressed patients, who were high 
risks for severe, opportunistic fungal infections. 
Although it would appear that the field of medical 
mycology should have received more funding sup
port in response to this threat, funding resources 
were either cut substantially by the federal govern
ment or ended when private foundation support was 
depleted. This resulted in the termination of spon
sored NIH training programs at Washington Uni
versity, Tulane University, the University of Califor
nia at Los Angeles, the University of Kentucky, and 
the University of Oklahoma. 

Coupled with the reduction in financial resources, 
this era may be characterized by several trends in the 
transition ofleadership. Teams formed at important 
centers, including the CDC, were disbanded or 
terminated because a number of early medical 
mycology leaders dedicated to training and applied 
research either retired or died. At the same time, new 
and larger collaborative groups from different med
ical centers were formed by both clinical and basic 
scientists. Many of these individuals either focused 
in certain areas of medical mycology or were specia
lists from other disciplines who came into the field 

and for whom medical mycology was only a part of 
their professional work. The result was a shift in 
leadership from traditionally trained medical mycol
ogists to a greater number of scientists that became 
interested in the study of mycoses and their etiologic 
agents. 

Because of these trends, laboratory diagnostic 
tests and epidemiological studies were improved 
significantly by the application of DNA-based meth
odology and numerous other technological 
advances. Both intramural and extramural NIH 
grants were awarded for clinical and basic studies, 
whereas training grants were decreased or elimi
nated. Intramural support for medical mycology 
continued at the NIH under the guidance of the 
clinical investigators and basic scientists. Also, NIH 
grants and corporate support were needed for clin
ical evaluations of drug therapy and other applied 
research investigations that were initiated at addi
tional medical centers. 

Difficulty in the management of new opportunis
tic infections, especially in AIDS patients, spurred 
greater dependence on pharmaceutical and corpo
rate funds. Companies that were developing the 
alternative oral imidazole and triazole antifungal 
agents in the United States and Europe provided 
financial support for clinical trials. In the late 1970s, 
the NIH began to sponsor the NIAID MSG group, 
an important collaborative group of physicians. 
These two sources of revenue made possible the joint 
evaluations of the new oral antifungal agents devel
oped during the 1970s as well as reevaluation of 
existing ones. Collaborative studies established ther
apeutic regimens for the management of certain 
severe fungal infections in both AIDS and non
AIDS patients. 

In 1996, important conclusions from the research for 
this book were as follows: 

1. The future direction of medical mycology is 
endangered by what may be considered a crisis 
in training as a result of substantial reductions 
in federal funds and a depletion of private 
resources. There was a transition from estab
lished, formal training programs to research 
and informal training resources at isolated re
search laboratories under the guidance of prin
cipal investigators. Medical mycology courses 
as complete units have nearly ceased to exist, 
and education in the discipline currently is 



being limited to sections in microbiology 
courses and lectures for medical students. The 
crisis in medical mycology training is more 
evident when it is recognized that there is a 
dearth of educators and researchers with the 
knowledge and experience to address the prac
tical problems of the science. In addition, there 
is a decline in the number and quality of 
diagnostic laboratories and trained personnel 
to staff them. 

2. The remaining years of the 1990s appear to 
present significant issues for medical mycolo
gists. Parallel to the crisis in training, medical 
mycology is advancing as a discipline as a 
consequence of important research contribu
tions from a more diversified group of scientists 
coming into the field. These contributions made 
possible the shifting to molecular biology and 
genetics research, which appear to be necessary 
to combat the increased virulence and the 
resistance of pathogenic fungi to chemothera
peutic agents. While these new technologies are 
being applied to the discipline, the cost of 
equipment and the dearth of properly trained 
personnel may limit their widespread use. The 
demand for targeting resources towards basic 
research and applied investigations that im
prove patient care, limits support for organized 
training programs in medical mycology. These 
trends suggest that the current status of the 
discipline may be compared with its early years 
of uncertainty. 

3. Increased public pressure for cost containment 
and accountability for expenditures narrows the 
focus of research activities. As a result of the 
restrictions to funding resources, the creativity 
of basic and applied researchers is being chan
neled toward goal oriented studies. Because of 
this, investigators have become more specia
lized and must, of necessity, form partnerships 
and collaborative groups. 

4. The methodologies for education also have 
been significantly altered. Rapid developments 
in electronic media are replacing laboratory 
training under the guidance of skilled investiga-
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tors. How to keep clinical laboratory personnel 
in step with these rapid changes has become a 
major challenge. It is costly and time consum
ing to equip and properly train the investigators 
and staff needed, but the demand for their 
services at many institutions does not support 
such investment. The result is fewer labora
tories that have the resources necessary for 
complete diagnostic work. 

5. Further, the rapidity of change places uncer
tainties on the discipline as to what constitutes 
proper education in medical mycology, even if 
more resources were available. What should 
leaders in the field and officials at higher educa
tion institutions and medical schools do in 
response to the current state of the discipline? 
Suggested areas of study include the evaluation 
of baseline competency in medical mycology as 
well as appropriate educational models to pre
pare individuals for their various roles. Investi
gators should consider the continuing effect of 
technology and the availability of reliable 
sources of funds. Also, it is important to take 
into account emerging trends regarding the 
incidence and prevalence of fungal infections 
for further educational and scientific advance
ment that will lead to improvements in patient 
care. 

As medical mycologists prepare to address these 
uncertainties, there is a critical need to combine 
proven and effective training with the new technolo
gies. Organizations in control of resources must 
recognize the importance of basic research advances 
without neglecting the practical aspects of the field, 
especially training and education. Ongoing funding 
is necessary for both applied and basic medical 
mycology education and research to thrive. 

J.H. Robinson (1912) stated that the more we 
learn about the past of any movement, program, or 
institution, the more we will be able to understand 
the nature of the problems and the prospects for that 
institution. That is, the more we know how anything 
became the way it is, the better prepared we will be to 
propose solutions and to chart future courses of 
action. 
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Appendix A: Questionnaire analysis summary 

An open-ended questionnaire was developed to 
survey a diverse sample of medical scientists, includ
ing retirees in the field of medical mycology. The 
purpose of this survey was to investigate in a 
historical context the development of medical 
mycology in the United States. The questions were 
structured to solicit the thoughts of medical mycol
ogists regarding significant contributors and histori
cally important educational and scientific events in 
the development of medical mycology in the U.S. 
since 1894. Ideas were solicited on the current state 
of the discipline and what its direction may be in the 
near future. 

Analysis 

The 109 final questionnaires received represent a 
population sample of 35% of the 320 individual 
mycologists contacted. A list of the 109 respondents 
also is included in Appendix E. Their responses have 
proven to be invaluable in giving clarity, providing 
insight and expanding the depth of this research. The 
results of these responses are described in the follow
ing discussion. 

The first question dealt with the amount of time 
the respondent devoted to medical mycology (fable 
1). The sample population was almost evenly (16.2 
to 24.7%) distributed in the five time categories listed 
in the questionnaire, so they were consolidated into 
three categories: 1 to 25%, 26 to 50% and 51 to 
100%. Nearly half of the respondents spend more 
that 50% of their time in medical mycology and 
another 20% spend more than 25%. 

The data summarized in Table 2 revealed that of 
their various activities, 90% of the respondents 
spend some time on medical mycology research. A 
significant result was that 41% spend more than 25% 
of their time in such research, the next closest 
category being informal teaching at 10.5%. After 
research, the number of scientists spending some 
time in other medical mycology activities gradually 
declines with the second activity beingformal teach
ing (84.8%, 89 individuals). But the vast majority of 
this group (78 or 74.3%) spend 25% or less of their 
time here. The next three activities are closely 
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grouped, whereby the respondents spend 74.3%, 
70.5%, and 68.6% of their time doing consultation, 
writing or informal teaching, respectively. 

Question three asked, What was your definition of a 
medical mycologist? The definitional responses to 
this question were diverse and centered on the 
amount of time devoted to the field. In summary, 
the respondents stated that medical mycologists are 
individuals who are devoted to the study of patho
genic fungi in humans. Their primary activities are 
research, teaching/training, and clinical laboratory 
work. 

Question four asked, What credentials/ experiences 
are needed to be considered a medical mycologist? 
Formal education was the top response to this 
open-ended question as 55.6% stated that at least a 
B.S. degree was needed in combination with experi
ence and/or medical mycology training. 

The focus of question five was the single most 
important contribution to the development of medical 
mycology in the U.S. Table 3 lists a range of contribu
tions as noted by 86 (79.9%) of the 109 respondents. 
Nineteen (19) individuals identified the work of 
Norman Conant as the most important contribu
tion (22.1% ). Conant's book in particular was noted 
because it was one of the first efforts to deal with all 
aspects of medical mycology. This early work 
demonstrated that fungal diseases were not as rare 
as generally thought within the medical community. 
His book gave direction to medical mycology, placed 
the discipline in formal academic settings, and gave 
laboratories the capacity to identify fungi quickly 
and accurately. 

When asked, What other major contributions have 
advanced the development of medical mycology in the 
US, the top responses were the recognition of fungi 
as etiologic agents (30%) and training (and research) 
programs (30%). The importance of antifungal 
drugs followed closely at 24.7% (Table 4). 

The responses to the question, Who have been the 
major contributors to the discipline, were most helpful 
in writing this paper, in that they provided a broad
based verification of the research conducted to trace 
the work of our pioneers. Also, the responses have 
clarified linkages between contributors and the con
tributions that they made to furthering training and 
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research. Three pioneers in medical mycology were 
most frequently noted by the 98 respondents to this 
question: Chester Emmons (40.8%), Norman Con
ant (33.7%) and Libero Ajello (29.6%). As should be 
expected, a number of respondents focused on key 
figures during the last 3~0 years and were not as 
familiar with other early pioneers such as Rhoda 
Benham, Charles E. Smith, and Howard Larsh. The 
training and education contributions of important 
leaders in the field from 1920 to 1950 were validated 
by responses from medical mycologists who trained 
and worked with them. 

When asked, How have you contributed to the 
development of medical mycology, two main areas 
dominated the answers of the 96 respondents: 
research and publications, especially of scientific 
papers, and teaching/training. Once again, because 
of multiple responses, there were 198 total contribu
tions listed. The most frequently listed response 
category was research and the publication of their 
work, where 45.8% cited the publication of scientific 
papers. Closely following were the responses from 
40.6% who noted that applied research was where 
they made contributions. Teaching/training was the 
second area overall that was most frequently noted, 
as teaching a medical mycology course (17. 7%) and 
teaching physicians and/or medical technicians 
(14.6%) were the two dominant responses. 

An important outcome of the questionnaire was 
information that led to the creation of "Degree Trees" 
and "Mentor Trees': The information compiled from 
these questions (defined as "Training Trees') is pre
sented in the Appendix B. The "Tree" results are 
organized by the University, Hospital, or Center 
where the respondents to this questionnaire worked 
and/or received training. In some instances, the 
"Trees" have been supplemented by information 
from curriculum vitas, research findings and/or 
personal interviews. By no means are the "Trees" 
inclusive of all degree students, professors, and 
mentors or mentees at a particular institution. All 
information is displayed by institution with major 
professors/trainers appearing in italics above each 
individual as appropriate and available. The men
tor/mentee section in each "Tree" is listed as defined 
by the mentee, and in some cases there is overlap 
between major professor and mentor. The "Trees" 
are indicative of major centers of education, train
ing, and research and have been helpful as a cross 
reference to the historical investigation conducted 
for this book. It is intended that the "Trees" will 

continue to generate discussion and promote interest 
in defining and placing the many contributors to the 
field of medical mycology. 

Since the "Trees" information is best understood 
in a display format, only some of the leading centers 
of formal education, training and research as well as 
informal training in medical mycology will be listed. 
Again, the primary basis of this information is the 
results ofthe questionnaire. Universities known and 
mentioned for educating and training graduates in 
medical mycology, among others were: Columbia, 
Duke, Harvard, Tulane, California at Los Angeles, 
California at Berkeley, Oklahoma, Kentucky, North 
Carolina, Michigan State, Montana State, Texas at 
Austin, and MCV/Virginia Commonwealth. Cen
ters primarily noted for their work with postdoctoral 
students are the National Institutes of Health, the 
Centers for Disease Control, and the Universities of 
Alabama, Iowa, Texas at San Antonio, as well as 
Boston, Washington University, and Santa Clara. 

The question, Have your funding sources shifted 
from government sponsored grants to other sources, 
provided mixed results. In regard to research, fifty
eight (58) individuals responded and fifty-one (51) 
gave no answer or said the question was not appro
priate for them. A shift in funding was confirmed by 
51.7% of these respondents, while 48.3% had no 
change in funding sources. The primary years when 
the shifts occurred were from 1972 to 1994, but 
66.7% of these "yes" respondents said the shifts took 
place between 1980 and 1994. 

Much less activity was evident in training grants 
as only 33% of all questionnaire respondents 
answered this question. Of those respondents only 
seven (7) indicated that a shift in funding sources 
had taken place. The primary years of the shifts were 
from 1982 to 1991. Of the respondents to this 
question, 80.6% indicated they had no shift in 
funding source. 

When asked, What other sources of funds support 
your current efforts in research, a total of seventy-five 
(7 5) questionnaire respondents answered this ques
tion, or 68.8%. Of those affirming other sources of 
funds for research, 58.7% said their support came 
from industry and 65.9% of this group (29) receive 
their main support from the pharmaceutical indus
try. The remaining thirty-one individuals (41.3%) 
receive their support from a wide variety of sources 
including universities, foundations, government 
grants, private groups, etc. In regard to training, the 
majority (63.3%) of the questionnaire respondents 



did not answer this question. Of the 37.6% receiving 
training funds, no dominant source was mentioned, 
but the largest block of support came from industry 
(31.7%) while institutions fund 22% of this popula
tion. 

Approximately half (51.4%) ofthe questionnaire 
respondents did not answer the question regarding 
the effect of shifting of funding sources on their 
academic and/or research priorities. A group of 
33.9% respondents stated they had no change in 
priorities because of funding sources and 14.7% 
replied affirmatively. These respondents have either 
abandoned research they were doing or have turned 
to contracts and clinical applications, mostly with 
industry and other private sources. The main period 
of the shift in funds was from 1978 to 1993. Medical 
mycology research appears to be a limited field at 
this time as indicated by these responses. It is clear 
that the individuals conducting medical mycology 
training have had few new sources offunds and have 
either stopped their training work or support it as 
part of other activities. 

There were 128 responses (96 individuals, 88.1%) 
to the question, What is your perception of the current 
state of medical mycology in the U.S. (including 
education and training)? Although the responses 
were quite diverse, by far the largest group (37) 
stated that there is a training crisis. Opinions were 
equally balanced on whether the current state of the 
discipline is either good or poor. Sixteen individuals 
described the discipline as "very healthy, expanding, 
at the apex of interest, poised on the edge of great 
progress", etc. In contrast, 17 others believe that 
medical mycology is "basically in a crisis, not strong, 
in extremis, endangered, tenuous", etc. Another 
eight respondents believe that the discipline is ether 
improving (3) or that there is room for improvement. 
Among the other responses were 13 with no opinion, 
15 seeing a shift to molecular, and 22 with scattered, 
miscellaneous views such as, lack of financial sup
port and visibility (9), inadequate communication 
channels or dialogue (3), scarcity of jobs ( 4), etc. 

Of particular interest is the perception of a train
ing crisis. The main reasons for this crisis were the 
lack of enough, as well as adequate, training pro
grams, courses, and seminars at all levels. In general, 
respondents stated that medical mycology is under 
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emphasized in education and training as well as 
declining in the number and quality of diagnostic 
laboratories with trained personnel to staff them. 
They noted that while the field may have grown in 
importance and basic research is of high quality, few 
funds are available for applied research. These views 
coincide with those stating that there is a shift 
toward molecular biology basic research. 

A total of 88 individuals responded to the ques
tion, What changes do you think are needed for the 
advancement of medical mycology (including educa
tion and training)? Among the respondents, 32 
individuals saw the need for specific increases in 
medical mycology training at the undergraduate, 
graduate and postdoctoral levels, as well as in the 
medical schools and with more clinical orientation. 
Closely related to these views were another 32 
respondents who focused on the need for more 
federal, state, and pharmaceutical funds for training 
and practical and basic research. When viewed as a 
whole, these 64 individuals make a clear statement 
that training, and the funds to support it, is a 
predominant need in medical mycology. The other 
24 individuals indicated that additional changes in 
direction are needed such as better channels of 
communication, replacement of retirees, more basic 
research as needed, transference of funds from older 
to younger investigators, and more cooperative 
studies. 

The last question was concerned with, How should 
the changes be accomplished (including education and 
training)? Of the 109 questionnaires, 73 responded 
while 36 either had no good ideas, did not know, or 
felt the question was very difficult. Among the 73 
individuals, there were multiple responses that 
exceed the total number of respondents. A group of 
40 responses targeted the need for more formal and 
informal training to accomplish the changes needed, 
with 25 of these individuals emphasizing more 
formal university training. Increased funding was 
seen as the strategic means to effect the changes 
listed in 25 responses. A strong majority of 19 in this 
group targeted the need for more NIH funding as a 
top priority. Another group of 17 responses focused 
on the need for improving public relations and 
promoting the discipline in a variety of other ways. 
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Table 1. Results of question no. I -professional time devoted to medical mycology (105 respondents) 

1-10% 11-25% 26-50% 51-75% 76-100% 

No. of respondents 17 17 21 26 24 
Total 34 50 

% of respondents 16.2 16.2 20.0 24.7 22.9 
Total 32.4 47.6 

Total: 109 

Table 2. Results of question no. 2- professional time devoted to specific activities (105 respondents) 

Percent of Less than 25% 26-75% of 
Rank order the total of time ori time on 

Research 90.5 41.0 41.0 
Formal teaching 84.8 74.3 9.5 
Consultation 74.3 63.8 7.6 
Writing 70.5 60.0 9.5 
Informal teaching 68.6 58.1 10.5 
Administration 54.3 49.5 4.8 
Clinical laboratory 52.4 40.0 8.6 
Professional contributions 51.4 49.5 1.0 
Patient care 38.1 29.5 8.6 
Other 14.3 13.3 0 

Total: 109 



Table 3. Results of question no. 5- single most important contribution (86 respondents, 79%) 

Contribution (no. of respondents) 

Norman Conant 
Book (14) 
Course (4) 
Book and course (I) 

Antifungal drugs 
Immunosuppressed (8) and AIDS Pts (5) 
Training 

Programs (8) (e.g., Mayo Clinic) 
Books (2) (M. McGinnis', J. Rippon's) 

Institutions and groups 
NIH (3) (C. Emmons) 
NIAID-MSG (2) 
NCCLS standardization of testing (I) 
CDC (I) 
MCV(I) 

Key figures 
Sabouraud ( 5) 
Others (3) 

Recognition of fungi as etiologic agents 
Molecular biology and genetics 
Others 

Research programs (I) 
Perfect stage of fungi (I) 
C. neoformans latex test (I) 
Benham's laboratory (I) 
Brown and Hazen Funds (I) 
WW II task force (I) 
Skin test development (I) 
Cumulative finding that human pathogens are only a subset of fungi (I) 

No answer 
TOTAL 

No. of answers(%) 

19 (22.1) 

13 (15.1) 
13 (15.1) 
10 (11.6) 

8 (9.3) 

8 (9.3) 

4 (4.7) 
3 (3.5) 
8 (9.3) 

23 (21.1) 
109 
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Table 4. Results of question no. 6 - other major contributions (89 respondents, 81. 7%) 

Contribution 

Recognition of fungi as etiologic agents 
Training [research and training program(s)] 
Antifungal drugs 
Molecular tools/yeast genetics/molecular biology/gene description 
NIH support/and medical mycology unit 
HIV and immunosuppressed patients 
Understanding of epidemiology 
Individuals (including spokespersons) 
Books 
Diagnostic and rapid tests (non-serological) 
Serological tests 
Immunology research (host-pathogen interactions) 
Commercial tests (Calcofluor and API 20C) 

CDC medical mycology unit 
Sexual state of pathogens 

Clinical research and MSG 
Societies 
Ecological studies 
McGinnis' taxonomical studies 
Antifungal testing 
Pfizer support/Brown and Hazen funding 

The need to know /understand 
Cooperative working groups 
Pathogenecity studies 
Understanding of complex culture conditions 
Publications and meetings 
Proficiency testing 

No answer 
TOTAL 

No. of answers(%) 

24 (30) 
24 (30) 
22 (24.7) 
14 (15.7) 
14 (15.7) 
13 (14.6) 
13 (14.6) 
12 (13.5) 
9 (10.1) 
9 (10.1) 
8 (9) 

(5.6) 
(5.6) 

4 (4.5) 
4 (4.5) 
3 (3.4) 
3 (3.4) 
3 (3.4) 
2 (2.2) 
2 (2.2) 
2 (2.2) 
2 (2.2) 
2 (2.2) 
2 (2.2) 
2 (2.2) 
2 (2.2) 
2 (2.2) 

20 (18.3) 
109 



Appendix B: Genealogic "Training Trees" 
Listed by University or Medical Center 
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Degree 
CLyman, PhD 

Degree 

BOSTON UNIVERSITY 

R Diamond, MD 

Postdoc 
E Smail, MD (DalldorfFellow, 1983) 
S Levitz, MD (Dalldorf Fellow, 1984) 
D Stein, MD (Dalldorf Fellow, 1989) 

A Waldorf, PhD 

A Sugar, MD 

Postdoc 
L Goldani, MD, PhD (Brazil) 
A Angeles (one year in his lab) 

ID Fellows (for 10 years) 

Mentees 

Men tees 



Degree 

Degree 

Degree 
PhD Public Health students: 

(doing research projects) 
BReep 

EWilliams 
B Phillips 

MSudman 
WTurner 

CENTERS FOR DISEASE CONTROL 

Karling 
! 

L Ajello, PhD (194 7) 

Postdoc 
W Kaplan, DVM 
L Kaufman, PhD 
AF DiSalvo, MD 

SHonbo,MD 
A Mantovani, DVM 
T Matsumoto, MD 

MMiyaji,MD 
M McGinnis, PhD 
L Morganti, DVM 
L Polonelli, PhD 
H Seeliger, MD 

A Shoji, MD 

Benham 
! 

L Georg, PhD (1950) 

Postdoc 
W Kaplan, DVM 

C Jeffries 
CBlank 

W Kaplan, DVM 

Postdoc 
AF DiSalvo, MD 
L Kaufman, PhD 

Men tees 
WKaplan 

AFDiSalvo 
MMcGinnis 

MRinaldi 

Mentees 
WKaplan 

Mentees 
LKaufman 
AFDiSalvo 

151 



152 

Degree 
L Turner, PhD 
KJones, PhD 

P Standard, PhD 
B Kleger, PhD 
J Brough, PhD 
C Sweet, PhD 

RB Lopez, PhD 
V Pideoe, PhD 

Degree 
L Stockman, MS 

(Emory University) 

Degree 

CENTERS FOR DISEASE CONTROL (cont'd) 

L Kaufman, PhD 

Postdoc 
FOdds, PhD 

P Standard, PhD 

deBary 
! 

Farlow 
! 

Thaxter 
! 

Weston 
! 

Conant, Wickerham, Lodder 
! ! 

L Haley, PhD (1968-1986) 

Postdoc 
15 Postdoc students 

(Histopath. and clinical) 
M McGinnis, PhD 

Ainsworth 
! 

Arvind A Pad.hye, PhD 

Postdoc 

Men tees 
T Shinoda 
LMendoza 

Men tees 
M McGinnis 

Men tees 
M McGinnis, PhD 



Degree 
RL Bradley, MS 

GK Spearman, MS 
L Stockman, MS 

LDMarr, MS 
R Galindo, MS 
BJ Kemker, MS 
AE Jones, PhD 

F El-Zaatari, DrPH 
JR Knowles, PhD 

KL Meckstroth, DrPH 
RM Zancope-Olivera, PhD 

Degree 

CENTERS FOR DISEASE CONTROL (cont'd) 

Nickerson, Hasenclever 

! 

EReiss, PhD 

Postdoc ( 1976-1992) 
RHay, MD 

PF Lehmann, PhD 
L de Repentigny, MD 

P Boiron, PhD 
TJ Lott, PhD 
HDiaz, MD 

BA Lasker, PhD 
GH Reyes, PhD 

RM Zancope-Olivera, PhD 

Stevens 

! 

C Morrison, PhD 

Post doc 
GKimani, MD 
S Zakroff, MD 
MLam,MD 

TWard, DVM 
DKastin, MD 
B Skaggs, PhD 

K Copedge, DVM 

Mentees 
CME!ie 

Visiting scientists 
CD Jeffries, PhD 

F Todaro-Luck, PhD 
OU Osoagbaka, PhD 
M Abu-samra, PhD 

Y Sugiura, PhD 

Sabbaticals 
S Fujita, MD/PhD 
JH Shin, MD/PhD 
L de Aguirre, DVM 

!53 



154 

Degree 

COLUMBIA UNIVERSITY 

H Richards, PhD 

Postdoc 
R Benham, MS, PhD (1919, 1931) 

Degree 
LK Georg, PhD 
M Huppert, PhD 

E Spitzer, MS, PhD 

Degree 
C Emmons, PhD 

(General mycology- 1931) 

Degree 
L Ajello, PhD (194 7) 

J Sinski, PhD (at Purdue) 

Richards, Barnard, Dodge, Hopkins, Zinzer 

t 

R Benham, PhD (1926-1955) 
(College of Physicians & Surgeons) 

Postdoc!Visiting Scientists 
B Kesten, MD 

M Silva-Hutner, PhD 
A Carrion, PhD 
C Emmons, PhD 

E Hazen, PhD 1944 
S Rosenthal, PhD (1953) 

MHopper 
L Ajello, PhD 

E DeLamater, MD 

R Harper, PhD (Botany Chair) 

Postdoc 

JS Kading, PhD (Head, Mycology Department) 

Postdoc 

Men tees 

Men tees 
M Silva-Hutner 

E Schnall 

Men tees 

Mentees 
L Ajello 



Degree 
E Schnall, PhD 

Degree 
M Berliner, PhD 
I Weitzman, PhD 
E Schnall, PhD 

Degree 
M Belaval, MS 

E Hazen, MA, PhD (1927) 
Dept of Bacteriology, 
Columbia University 

COLUMBIA UNIVERSITY (cont'd) 

deBary 

! 
Farlow 

! 
Thaxter 

! 
Weston 

M Silva-Hutner, PhD 

Postdoc 
I Weitzman, PhD 

WMerz,PhD 
J Torrez, Vet 

R Travassos, MD 
C Roitman, PhD 
E Schnall, PhD 

Humphry 

! 
Johnson 

! 
Coker 

! 
Couch 

! 

L Olive, PhD (Botany Department) 

Postdoc 

A Carrion, PhD/G Hopkins, MD 

Research Assistant/ Postdoc 
C Emmons, PhD (1929-1935) 

Men tees 
M Be1aval 

I Weitzman 
WMerz 

G Rebatta 

Men tees 
M Berliner 

Mentees 
M Silva-Hutner 

M Belaval 

155 



156 

Degree 

CORNELL UNIVERSITY MEDICAL COLLEGE 
Memorial Sloan-Kettering Cancer Center 

D Armstrong, MD 

Postdoc 
B Wong, MD (1978-80) 

Men tees 



Degree 
H Hardin, PhD 

Degree 
LHaley,PhD 

L Friedman, PhD 
(1951) 

CHalde,PhD 
G Scherr, PhD 

G Cozad, PhD (1953) 
R Vogel, PhD 
R Taylor, PhD 

R Hampson, PhD 
A Trejos, PhD 

I Christiansen, PhD 
*Information from his CV 

Degree 
M Gordon, PhD (1949) 

S McMillen, MA 

DUKE UNIVERSITY 

DT Smith, MD (appointed Conant) 

Postdoc 

deBary 

! 
Farlow 

! 
Thaxter 

! 
Weston, Langeron, Sabouraud (Paris) 

! 

N Conant, PhD (1935-1970) 

Postdoc 
GLand, PhD 
FTWolf,PhD 
E Beneke, PhD 
G Bulmer, PhD 
*H Larsh, PhD 

deBary 

! 
Farlow 

! 
Thaxter 

! 
Weston 

Men tees 
MGordon 

H Gallis, MD 
H Hardin, PhD 

FA Wolf, PhD (Botany-Mycology) 

Postdoc 

Mentees 

Visitors 
LAjello 

M Bartlett 

Men tees 

157 



158 

Degree 
B Bolanos, PhD (1983) 
JM Small, PhD (1983) 

M Manning, PhD (1979) 
L Thurmond, PhD (1984) 

Degree 

Degree 

DUKE UNIVERSITY(cont'd) 

deBary 
! 

Farlow 
! 

Thaxter 
! 

Weston 
! 

Conant 
! 

Friedman 

T Mitchell, PhD 

Postdoc 
SLail, MD 

B Ferguson, MD 
WMeyer, PhD 

RLi,PhD 

J Perfect, MD 

Postdoc/ Fellows 
JCohen 
TCuriel 

R Washburn 
M Cairns 

G Cox (current) 

DDurack,MD 

Postdoc 

Mentees 

Men tees 

Men tees 
J Perfect, MD 



Degree 
P Braun, PhD 

GEORGETOWN UNIVERSITY MEDICAL CENTER 

Bessey 

t 
Barnett, Blank 

t 

R Calderone, PhD 

Postdoc 
M Fukayama, PhD 

M Ollert, PhD 
J Sturdevant, PhD 

A Bailey, PhD 

159 

Mentees 



160 

HARVARD UNIVERSITY 

deBary 

l 
Farlow1 

l 
Thaxter 

l 

W Weston,*1' 2 PhD 1915 (1921-1956) 

Degree Postdoc 
N Conant, PhD (1933) 
M Silva-Hutner, PhD 
FA Wolf, PhD 
R Emerson, PhD 
CM Wilson, PhD 
S Salvin, PhD 
A Howell, PhD 
R Page, PhD 
Total of 54 PhD students 

J Swartz, MD 

Research Assistant 

N Conant, PhD (1934-1935) 

Humphry 

l 
Johnson 

l 
Coker 

l 
Couch 

l 
Olive 

l 

C Campbell, BS3 (Berliner3 & Buckley3) 

Degree Postdoc 

*Contemporary of Couch, Dodge, Bessey, Wolf, and Farlow 
1Sequeira L Annu Rev Phytopatholl993; 31: 43-52 
2Conant N Bull MMSA 1969; 7: 1-4 
3"Tree" for Berliner; Campbell's mentees Harvard School for Public Health 

Men tees 

Men tees 
A Restrepo 
M Berliner 



Degree 
MS 

RAbuodeh 
JBono 

M Boyer 
A Chamberlain 

M Fisher 
BFryer 

M Hibbert 
AHonigman 

DHouser 
S Johnson 

MOrr 
ROwens 
CRaman 

HSato 
B Semple 
J Terry 

IDAHO STATE UNIVERSITY 

Levine 

! 

GM Scalarone, PhD (1980) 

MS 
DTowler 

AWakamoto 
YWang 

JWheeler 
S Williams 

S Wisniewski 
K Yearsley 
BZaccardi 

PhD 
RAbuodeh 

JBono 
B Seawell 

161 



162 

Degree 
W Coker, PhD (1897) 

JOHNS HOPKINS MEDICAL INSTITUTE 

Welch 

! 

Benjamin Schenck, MD (late 1890's) 

Caspar Gilchrist, MD (late 1890's) 

Humphry 

! 

D Johnson, PhD (1890's) 

Postdoc 

Roger Baker, MD 

deBary 

! 
Farlow 

! 
Thaxter 

! 
Weston 

! 
Silva-Hutner 

! 

W Merz, PhD (1970's) 

Postdoc 

DKing,MD 
TWalsh,MD 

Mentees 



Degree 
AF DiSalvo, MD 

Degree 

MEDICAL COLLEGE OF GEORGIA 

J Denton, PhD, MD (1942) 

Postdoc 

MEDICAL COLLEGE OF OHIO 

Kendrick 
! 

Aldrich 
! 

Alexopoulos 
! 

GCole,PhD 

Postdoc 
KR Seshan, PhD 

JJYu 
FE Williams, PhD 
SL Smithson, PhD 
PW Thomas, PhD 

Mentees 
AFDiSalvo 

Men tees 

163 



164 

Degree 
WFleming 

ASant 
H Prall 
TDavis 

S Thaxton 
R Roberts 
T Beadles 

METHODIST MEDICAL CENTER (Dallas, TX) 

deBary. 
! 

Farlow 
! 

Thaxter 
! 

Weston 
! 

Conant 
! 

Friedman 
! 

GLand, PhD 

Post doc Men tees 



Degree 
AL Rogers, PhD 
G Bulmer, PhD 
R Sayer, PhD 

K Steibe1, MS, PhD 
J Uese1enak, PhD 

Degree 
DBabe1,PhD 

MICHIGAN STATE UNIVERSITY 

Shanor 
! 

E Beneke, PhD (1948-1992) 

Postdoc 
DBabe1, PhD 

Shanor 
! 

Beneke 
! 

AL Rogers, PhD 

Postdoc 
D Hospintha1, PhD, MD 

R Sandin, MS, MD 
M Kennedy, PhD 

Men tees 
GBu1mer 

Men tees 

165 



166 

Degree 
DL Brawner, PhD 
KC Hazen, PhD 
PM Glee, PhD 

R Li, PhD 
QQian, PhD 

S Kobayashi, PhD 
R Morrison, MS 

A Poor, MS 
G Winterrowd, MS 

Five other MS students 

MONTANA STATE UNIVERSITY 

deBary 

~ 
Farlow 

~ 
Thaxter 

~ 
Weston 

Conant 

~ 
Friedman 

~ 

JE Cutler, PhD (Tulane, 1972) 

Post doc 
DL Brawner, PhD 

TKanbe, PhD 
YHan,PhD 

T Caesar, PhD 
PGlee, PhD 



MYCO PHARMACEUTICALS, INC (Cambridge, MA) 

Degree 
WOrr 
DLaw 

C Zimmermann* 
J Hamer 

P Mirabito 
M Frizzell 

*At University of California, Davis 

Griffin 
~ 

W Timberlake, PhD 

Postdoc 
D Gwynne 

B Miller 
E Mullaney 
TAdams 
R Prade 
YChang 

A Andrianoupolos 
R Fischer 

167 

Men tees 



168 

NATIONAL INSTITUTE OF ALLERGY and INFECfiOUS DISEASE (NIH) 
and NATIONAL CANCER INSTITUTE (NCI) 

Degree 
J Utz, MS (MD) 

Degree 

Degree 

Degree 

Harper, Carrion 
! 

C Emmons, PbD (1936-1966) 

Postdoc 
DLouria 
N Fedder 

J Shadomy, PhD 
J Bennett, MD 

J Kwon-Chung, PhD 
D Howard, PhD 

H Hasenclever, PhD* 
A Howell, PhD* 
S Salvin, PhD* 
LPine, PhD* 

J Utz, MD, 1947 

Postdoc 
J Shadomy, PhD 

J Bennett, MD 

Postdoc 
JR Rhodes (Dalldorf Fellow, 1980) 

JRex,MD 
V Kan, MD (DalldorfFellow, 1987) 

HF Hasenclever, Chief, MM section 

Postdoc 
EReiss, PhD 

Men tees 
J Bennett 

Men tees 
J Shadomy 

Mentees 
WDismukes 

JRex 

Mentees 

*C Campbell, personal communication, April I, 1993 



NATIONAL INSTITUTE OF ALLERGY and INFECTIOUS DISEASE (NIH) 
and NATIONAL CANCER INSTITUTE (NCI) (cont'd) 

Degree 
B Wickes, PhD 

(at Catholic University) 

Men tees 
W Venanzi, MD 

SAoki, MD 
F Mechinaud, MD 

JWLee,MD 
E Roilides, MD 
R Pelletier, MD 

J Berenguer, MD 
J Lecciones, MD 
E Navarro, MD 
S Ravankar, MD 

SLee, MD 
A Francesconi, MS 

Humphry 

t 
Johnson 

t 
Coker 

t 
Couch 

t 
Raper 

t 

J Kwon-Chung, PhD 

Postdoc 
SKim, PhD 
KMin,PhD 

J Rhodes, PhD (Dalldorf Fellow, 1980) 
I Polacheck, PhD 

S Kahno, PhD 
W Whelan, PhD 
PT Magee, PhD 

G Bodey, MD, PA Pizzo, MD, 
TJ Walsh, MD at NCI 

C McEntee, PhD 
P Francis, MD 
KUhlig, MD 

M Allende, MD 
C Gonzalez, MD 

TSein, MD 
CBlake, MD 

K Garrett, MS 
PKelly, MD 

K McNight, DDS 
MAshe, PhD 

Men tees 
B Wickes 
G Bulmer 

R Schaufele, MS 
M Hom-Eng, MD 

A Gehrt, MD 
M Lasso, MD 

NAli,MD 
CLyman, PhD 
A Holmes, MD 

NV Thomas, DDS 
D Arenberg, MD 

AHsia, MD 
R Torrez, MD 

169 



170 

Degree 

Degree 

Degree 

NEW YORK STATE HEALTH DEPARTMENT 

EHazen,PhD 
Fungus lab from NY to Albany (1944) 

Postdoc 

deBary 

~ 
Farlow 

~ 
Thaxter 

~ 
Weston 

~ 
Wolf 

~ 

M Gordon, PhD (1959) 

Postdoc 
I Salkin 

deBary 

~ 
Farlow 

~ 
Thaxter 

~ 
Weston 

~ 
Emerson 

I Salkin, PhD 

Post doc 
C Cooper, PhD 

Mentees 
D Pincus 
C Cooper 
MKemna 

Mentees 

Men tees 

Informal 
DDixon 



Degree 

NEW YORK STATE HEALTH DEPARTMENT (cont'd) 

Plunkett 

t 
JShadomy 

t 

DDixon, PhD 

Postdoc 
C Cooper, PhD 
TWa1sh, MD 

Mentees 

171 

Informal 



172 

RUTGERS UNIVERSITY(New Brunswick, NJ) 

Degree 
VK Jansons, PhD(1968) 

S Bartnicki-Garcia, PhD (1970) 
E Reiss, PhD (1972) 

WJ Nickerson, PhD 

Postdoc 

SAINT LOUIS UNIVERSITY AT STLOUIS, MO 

Degree 
A lgnatov 
FAbidi 

deBary 

! 
Farlow 

! 
Thaxter 

! 
Weston 

! 
Conant 

! 
Friedman 

! 
Kobayashi 

! 

EKeath,PhD 

Postdoc 
CWeaver 

HRoh 

Mentees 
EReiss 

Mentees 



SANTA CLARA VALLEY MEDICAL CENTER 

D Stevens, MD and Research Associates: Brummer* and Clemons* 

Degree 
JByron, MS 

S Duvvuru, MS 
E Castaneda, PhD 

K Kamei, PhD (MD) 

Students 
SPark 

J Labson 
PChahal 

DRobertson 
LBlaine 
SHurley 
LHanson 
A Perlman 

TTran 
YMinn 
S Crosby 
CCox 

LCatena 
DHermoso 

TDrasin 
NRandhawa 

Student 
E Castaneda, PhD 

K Kamei, PhD (MD) 

Student 
B Aristizabal 

PPark 

Postdoc 
J Galgiani, MD 
A Sugar, MD 

K Clemons, PhD 
D Denning,MBBS 
C Morrison, PhD 
D Dewsnup, DO 
R Tucker, MD 

E Arathoon, MD 
J Hostetler, MD 

CBrass,MD 
P Williams, MD 

R Stiller, MD 
E Lefler, PhD 
AGaner,MD 

J Shainhouse, MD 
S Deresinski, MD 

AZolopa, MD 
RHarvey, MD 

Guthrie, Cox 

! 

*E Brummer, PhD (1978) 

Postdoc 
K Kurita, PhD 

K Kamei, MD, PhD 
J McEwen, MD, PhD 

P Morozumi, MD 
FNassar, MD 

*K Clemons, PhD 

Postdoc 
M McCullough, PhD; DDS 

Mentees 
A Sugar 

J Galgiani 
KClemons 
DDenning 
CMorrison 

Men tees 

Mentees 

173 



174 

Degree 
C Abramson, PhD (1965) 

( + H Friedman) 

Degree 
MS degree: Seven students 

PhD candidates: 13 students 

TEMPLE UNIVERSITY 

R Sabouraud 
t 

F Blank, PhD/S Grappel, PhD 

Postdoc 
R Hopfer, PhD (1972-74) 

R Calderone, PhD (1973-74) 

H Buckley, PhD (1977-2001) 

Post doc 
Six fellows 

Men tees 
R Hopfer 

CAbramson 



Degree 
GLand, PhD 

T Mitchell, PhD (1971) 
G Kobayashi, PhD 

J Cutler, PhD 
W Cooper, PhD 
M Dykstra, PhD 

KErke, PhD 
S Ford, PhD (1965) 

D Greer, PhD (1964) 
S Kraeger, PhD 

A Bonk, MS 
M Ivens, MS 

L Linares, MS 
M Martin, MS 

Degree 
JD Schneidau, PhD (1957) 

J Domer, PhD (1966) 

Degree 
A Restrepo, MS, PhD 

TULANE UNIVERSITY 

deBary 

t 
Farlow 

t 
Thaxter 

t 
Weston 

Conant 

t 

L Friedman, PhD (1955-1980) 

Postdoc 
J Sinski, PhD (1958-60) 

JHe1d, PhD 
PSmith, PhD 
RTesh,MD 

M Shaffer 

Postdoc 

Shaffer 

t 

J Schneidau Jr, PhD 

Postdoc 

Mentees 
A Restrepo 

J Domer 
GLand 
J Sinski 

J Murphy 
D Pappagianis 

J Cutler 

Men tees 

Men tees 

175 



176 

Degree 
DGiger, PhD 
TDavis, PhD 

E Carrow, PhD 
G Andersen, PhD 
V Kuruganti, MS 

TULANE UNIVERSITY (cont'd) 

Shaffer 

1 

JDomer,PhD 

Postdoc 
S Moser 
FLyon 

R Hector 
RGarner 

A Childress 
L Al-Hussaini 

YWang 

Dissertation Committee 
GLand 

M Dykstra 
R Sakulramrung 

PLammie 
A Henderberg 

Note: Also at Tulane, M Littman, 1945-1948, who trained Schneidau. Information on Held, Smith, Tesh, and 
PhD, MS students below G Kobayashi was gathered from MF Shaffer's "History of Medical Mycology at 
Tulane Medical School", 1955. Information was not available for Shaffer's major professor. 



Degree 

Degree 
GReed, MS 

J Swanson, MS 
P Flynt, MS, PhD 

VWallis, MS 
J Pokrifchak, MS 

TMoore, MS 
D Van Avermaete, MS 

S Kutz, MS 

UNIVERSITY OF ALABAMA 

W Dismukes, MD 

Postdoc 
MSaag, MD 

PPappas, MD 
A Stamm, MD 
MPierce, MD 
SA!sip, MD 

GKaram,MD 

UNIVERSITY OF ARIZONA 

Karling 

t 

JT Sinski, PhD ( 1966) 

Postdoc 

VA MEDICAL CENTER 

J Galgiani, MD 

Men tees 
T Kerkering 

M Saag 

Mentees 

177 



178 

UNIVERSITY OF CALIFORNIA AT BERKELEY 

Degree 
D Pappagianis, PhD, MD 

Degree 
I Salkin, PhD (1969) 

A Held, PhD 
D Griffin, PhD 
M Tansey, PhD 
M Fuller, PhD 

H Whisler, PhD 

Degree 

Degree 
G Scalarone, PhD 
M Valesco, DPH 

CE Smith, MD (1949-1967) 

Post doc 
L Friedman, PhD 

(Research mycologist) 
1951-1955 

deBary 

t 
Farlow 

! 
Thaxter 

t 
Weston 

! 

R Emerson, PhD (Botany Dept) 

Postdoc 

HPhaff, PhD 

H Levine, PhD 

Men tees 

Mentees 



Degree 
M Collins, PhD 
R Hector, PhD 
B Zimmer, PhD 
S Johnson, PhD 

E Castaneda, PhD 
A Ibrahim 

Degree 
M Rinaldi, MS, PhD (1980) 

M Saubolle, PhD 

UNIVERSITY OF CALIFORNIA AT DAVIS 

CESmith 

! 

D Pappagianis, MD, PhD 

Postdoc 

P Hoeprich, MD 

Postdoc 
M Rinaldi, PhD 

Mentees 
M Rinaldi 

Men tees 

179 



180 

UNIVERSITY OF CALIFORNIA AT LOS ANGELES 

Degree 
C Halde, MA (1947) 

BG Studt, PhD 
R Cutter Burke, PhD 

J Taggart, PhD 
F Swatek, PhD 

HJ Shadomy, PhD 
R Wishard, PhD 

GOrr, PhD 
HWalsh,PhD 

R Peterburg, PhD 
SPore, PhD 

F Ramsdile, PhD 
P Martin, PhD 
J Briggs, MA 
LMiller, MA 
R Yamamoto 

Degree 
EE Evans, PhD 

Degree 
D Howard, PhD (1954) 

Degree ( 1964-1993) 
N Dabrowa, PhD (1968) 

J Garcia, PhD (1968) 
J Yen, PhD (1969) 

B Gilbert, PhD (1970) 
STang, PhD (1973) 

J Rhodes, PhD (1980) 
B Wu-Hsieh, PhD (1983) 

M Zeuthen, MS, PhD (1989) 
L Villarete, PhD (1993) 

Burnett, MS (1968) 
Scharlin, MS (1969) 

S Munnerlyn, MS (1973) 
G Gibbons, MA (1983) 

0 Plunkett, PhD (Botany Dept, 1929) 

Postdoc (Visiting) 
JW Wilson, MD 

J Kessel 

Postdoc 

G Jann (Bacteriology Dept) 

Postdoc 

D Howard, PhD 

Postdoc 
I Barash, PhD 
SGupta,PhD 

JYen,PhD 
N Dabrowa, PhD 

S Chui, PhD 
D Oblack, PhD 
J Rhodes, PhD 

B Wu-Hsieh, PhD 
LNakamura 

(Summer medical students 
1958-1973) 

Men tees 
DHoward 
CHalde 

J Shadomy 
S Shadomy 

Mentees 

Mentees 

Mentees 
MClancy, MS 



Degree 

UCLA HARBOR Medical Center 

J Edwards, MD 

Post doc 
S Filler, MD 

(Dalldorf Fellow, 1988) 

Men tees 
JRex, MD 

UNIVERSITY OF CALIFORNIA AT SAN FRANCISCO 

PhD Committees 
M Va1esco, DPH 
A Waldorf, PhD 

E Castaneda, PhD 

PhD Degree 

PhD Degree 

Degree 
S Miyasaki, DDS, PhD 

N Conant 

! 

C Halde, PhD 

Postdoc 
A Poperoff, MD 

JEdman,PhD 

Postdoc 
B Wickes, PhD 

A Schlageter, PhD 

H Larsh 

! 

RAly,PhD 

Postdoc 

N Agabian 

Postdoc 
AKuo,PhD 

TWhite, PhD 

TWhite, PhD 

Men tees 
MMcGinnis 

Mentees 

Men tees 
J Fa-Geman, MD 

Mentees 
G Newport, PhD 

181 



182 

Degree 

UNIVERSITY OF CHICAGO 

J Rippon, PhD 

Postdoc Men tees 
D Babel 
I Salkin 

UNIVERSITY OF CINCINNATI COLLEGE OF MEDICINE 

Degree 

Degree 

Degree 
AM Gomez, MD, PhD 

Degree 
AM Gomez, MD, PhD 

Degree 
MLinke, PhD 

Degree 

J Schwarz, MD (1948) & G Baum, M D 

Post doc 
C Kauffman, MD 

W Bullock, MD 

Postdoc 
GDeepe,MD 

(Dalldorf Fellow, 1981) 

GDeepe,MD 

Postdoc 
FGomez, MD 

R Allendoerfer, MD 

J Rhodes, PhD 

Postdoc 
DR Bode, MD 
S Kralovic, MD 

PWalzer,MD 

Postdoc 
M Cushion, PhD 

S Theus, PhD 
G Smulion, MD 

8 Wong, MD (1984) 

Postdoc 
J Murray, MD 

V Chaturvedi, PhD 
JWang,MD 

Men tees 
J Rhodes 

Men tees 

Men tees 

Men tees 

Men tees 
M Cushion 

M Linke 
S Theus 

S Smulion 

Men tees 



Degree 
J Rippon, MS, PhD 

Degree 
E Beneke, PhD 

UNIVERSITY OF ILLINOIS 

deBary 
! 

Farlow 
! 

Thaxter 
! 

Weston 
! 

Conant 
! 

G Scherr, PhD 

Postdoc 

L Shanor, PhD 

Postdoc 

183 

Mentees 

Men tees 



184 

UNIVERSITY OF IOWA 

G Martin (classic mycologist) 

Degree Postdoc Men tees 
C Emmons, MS (1927) 

WATaber, PhD 

Richards 
! 

Benham 
! 

Huppert 
! 

JCazin,PhD 

Degree Postdoc Men tees 
TKozel, PhD 
DLupan, PhD 

DKitz 
KAnderson 

WBurt 

DSoii,PhD 

Degree Postdoc Men tees 
L Mitchell, MS G Bedell 
BKraft, PhD WWhelan 

J Hellstein, MS R Finney 
B Morrow, PhD BVarnum 

C Kleinegger, MS B Slutsky 
K Vargas, DDS TVGRao 

Current Graduate Students J Anderson 
LEnger M Bergen 

HRamsey J Schnid 
A Sturdevant EVoss 

CKvaal T Srikantha 
MHerman S Lockhart 

C Pujol K Schroppe 
SJoly 

M Pfaller, MD 

Degree Postdoc Men tees 
TPerl, MD 

B Doebbeling, MD 
DReagan, MD 

A Pignatari, MD 
M Branchini, MD 

M Sabria, MD 



Degree* 
H Hempel, MS (1974) 

D Schwartz, MS (1974) 
R Barnett, MS (1978) 
E Hempel, MS (1978) 

B Humbard, MS (1979) 
M Parek, MS (1981) 

A Johnson, MS (1981) 
B Zimmer, MS (1982) 

SKelly, MS(1982) 
M Brooks, MS (1985) 

G Hawkins, MS (1985) 
D Riyonto, MS (1987-88) 

*Goodman's students 

UNIVERSITY OF KENTUCKY 

Larsh 
t 

N Goodman, PbD, ML Furcolow, MD 

Postdoc 
G Roberts, PhD (1972) 

J Susilo, MD (1973) 
J Darner, PhD (1973) 
R Scarry, PhD (1974) 
R Otero, PhD (1975) 

L Phillips, PhD (1975) 
A Hairi, PhD (1979-81) 
A Brown, PhD (1984) 
R Victoric, MD (1991) 

Mentees 
J Snyder 

EKoneman 

UNIVERSITY OF MINNESOTA COLLEGE OF BIOLOGICAL SCIENCES 
(St Paul, Minnesota) 

Degree 
MOsley 

LHereford 
LSmith 
S Suhny 
WChu 

PT Magee, PbD 

Sabbatical/ Postdoc 
J Perfect, MD 
BWong,PhD 
J Suzuki, PhD 

B Whelan, PhD 

Informal Training 
J Rhodes, PhD 
L Chaffin, PhD 

185 
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Degree 
TMcGaw 
F Swanson 

A Schlageter, PhD 

UNIVERSITY OF NEVADA 

Richards 

l 
Benham 

l 
Huppert 

l 
Cazin 

TKozel, PhD 

Postdoc Mentees 



UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL 

Degree 
J Couch, PhD (1924) 

HR Totten 
LOlive, PhD 
V Matthews 

L Shanor 

Humphry 

t 
Johnson 

t 

W Coker, PhD (1901) 

Postdoc 

187 

Mentees 

Note: W Coker, a Botanist/Mycologist, received his PhD from Johns Hopkins University in 1897. His mentor 
there was the Botanist, D Johnson (PhD 1897, Johns Hopkins), who was a student of J Humphry (Botanist) at 
Johns Hopkins (P Szaniszlo, Personal Communication, 1993). 

Degree 
K Raper, MA (1936) 
A Lang, PhD (1936) 

G Christenberry, PhD 
J Doubles, PhD 
A Wiffin, PhD 

A Ziegler, PhD (1941) 
E Goldie-Smith, PhD (1953) 
M Huneycutt, PhD (1955) 

W Koch, PhD (1956) 
C Miller, PhD (1957) 
J Mullins, PhD (1959) 

C Umphlett, PhD (1961) 
M Slifkin, PhD (1967) 

P Szaniszlo, PhD (1967) 
W Sherwood, PhD (1967) 

C Bland, PhD (1968) 

Humphry 

t 
Johnson 

t 
Coker 

t 

JN Couch, PhD (1927) 

Post doc Men tees 
JRaper, MA 

25 other MA students 

Note: Information for Dr Couch's students (except K Raper and P Szaniszlo) was obtained from: Szaniszlo, P 
(1993). John Nathaniel Couch 1896-1986. Biographical Memoirs, 62, Washington, DC: The National 
Academy Press. 
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UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL (cont'd) 

Degree 

Committee Member 
B Katz, PhD 
W Schell, MS 

K Hastings, DPH 

deBary 

~ 
Farlow 

Burt 

~ 
Gilman 

~ 
Tiffany 

~ 

M R McGinnis, PhD 

Post doc 

Sabouraud 

~ 
Blank 

~ 

R Hopfer, PhD (1989) 

Men tees 
M Rinaldi 

I Salkin 
L Pasarell 



UNIVERSITY OF OKLAHOMA (Norman & Oklahoma City) 

Degree 
J Greer, PhD (1956) 

T Mahvi (1961) 
R Ritter, MS, PhD (1961) 
N Goodman, PhD (1965) 
R Sprouse (1966-1967) 
P Bartels, PhD (1968) 
S Fadula, PhD (1969) 

RMeyer, PhD 
R Aly, PhD (1969) 

G Roberts, PhD (1972) 
B Frye, PhD (1972) 

R Unger, PhD (1972) 
R Karaoui, PhD (1975) 
KYoung, MS, PhD (1978-1981) 
G Hollick, PhD (1979) 

D Schwartz, PhD (1979) 
R Longley, PhD (1981) 

S Landon-Arnold, PhD (1982) 
R Morrison, PhD (1982) 
G Shearer, PhD (1983) 

NHall,MS 
CLyman,MS 

Degree 
G Cozad, MS (1954) 

HLarsh,PhD 
(Norman, 1941, 1945) 

Postdoc 
N Goodman, PhD 

RACox,PhD 
RPore 

A Morehart 
F Cantrell 

WSorenson 

M Furcolow, MD/Larsb, PhD 

Postdoc 

Men tees 
AGuruswamy 

J Murphy 
NGoodman 

CLyman 

Mentees 

189 



190 

UNIVERSITY OF OKLAHOMA (Norman & Oklahoma City) (cont'd) 

Degree 
J Murphy, PhD (1969) 

DAdamson 
D Spencer 
S Siddiquis 

J Rhodes, MS (1973) 
G Scalarone, MS 

Degree 
R Fromtling, PhD (1979) 

A Ruiz, PhD (1981) 
B Robinson, PhD (1981) 

R Tacker, PhD, MD (1975) 
F Farhi, PhD (Teheran) (1977) 
M Morgan (1982) 

deBary 

! 
Farlow 

! 
Thaxter 

! 
Weston 

! 
Conant 

! 

G Cozad PhD (Norman) 

Postdoc 

Shanor 

! 
Beneke 

! 

G Bulmer, PbD (Oklahoma City) 

Postdoc 

Degree 

H Muchmore, PbD (Oklahoma City) 

Postdoc 
R Fromtling, PhD 

Men tees 

Mentees 
R Fromtling 

Men tees 



UNIVERSITY OF OKLAHOMA (Norman & Oklahoma City) (cont'd) 

Degree 
P Fidel, MS, PhD 

TLim,PhD 
N Nabavi, PhD 

PFung 
B Jimenez-Finkel, MS, PhD 
K Buchanan, MS 

ZM Dong, PhD (1995) 
+ 17 other MS students 

deBary 

! 
Farlow 

! 
Thaxter 

! 
Weston 

! 
Conant 

! 
Cozad 

! 

J A Murphy, PhD (Oklahoma City) 

Postdoc 
K Howard, PhD 

K Buchanan, PhD 
B Jimenez-Finkel, MS, PhD 

Men tees 
PFidel 

191 
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Degree 

Degree 

Degree 

Degree 

UNIVERSITY OF TEXAS 

DDrutz,MD 
(1970s at San Antonio) 

Postdoc 
SKlotz, MD 

J Graybill, MD 
(San Antonio) 

Postdoc 

Hoeprich 
! 

M Rinaldi, PbD 
(San Antonio) 

Postdoc 

RCox,PbD 

Men tees 

Men tees 
RLarsen, MD 

A Fothergill, BS 

(San Antonio Chest Hospital) 

Postdoc 
E Brummer, PhD 

Men tees 
C Frey, Msc (1980-90) 

Worked in Lab 
PCraven, MD 

B Restrepo 
MPatino 
A Gomez 

MRobledo 
FMoreno 

BAtkinson 

Informal 
> 30 individuals have 
been in his laboratory 

Men tees 



Degree 

Degree 
R Roberts, PhD (1979) 

P Geis, PhD (1981) 
C Jacobs, PhD (1983) 
C Cooper, PhD (1989) 
M Nelson, PhD (1991) 

M Momany, PhD (1992) 
Y Wang, PhD (1993) 

L Mendoza, PhD (1995) 
L Zheng (1997) 
Z Wang (1998) 

X Ye (1998) 
+ 14 MS students 

UNIVERSITY OF TEXAS (cont'd) 

deBary 

! 
Farlow 

! 
Thaxter 

Weston 

! 
Conant 

! 
Friedman 

! 

B Cooper, PhD (Dallas) 

Postdoc 

Humphry 

! 
Johnson 

! 
Coker 

! 
Couch 

! 

P Szaniszlo, PhD (Austin) 

Postdoc/Visiting Scholars 
S Grove, PhD 
P Powell, PhD 
J Harris, PhD 

D Crowley, PhD 
A Thalaseedharan, PhD 

S Karuppayil, PhD 
MPeng, PhD 

Z Yin, MD, PhD 

Men tees 
GLand 

Men tees 
C Cooper, PhD 

S Chua, BS 
BKrom 

193 
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Degree 
DK.ruse,PhD 
LYuan, PhD 
LPope,PhD 
SZhu,PhD 
SPan, PhD 
JJYu,PhD 

K Tanaka, MS 
WCawley, MS 
C Williams, MS 

Degree 
A Espinel-Ingroff, PhD 

(at MCV, VCU) 

UNIVERSITY OF TEXAS (cont'd) 

Kendrick 
! 

Aldrich 
! 

Alexopoulos 
! 

G Cole, PhD (Austin) 

Postdoc 
J Pishko, PhD 

E Wyckoff, PhD 
PW Thomas, PhD 
SL Smithson, PhD 
KR Seshan, PhD 

deBary 
! 

Farlow 
! 

Burt 
! 

Gilman 
! 

Tiffany 
! 

MR McGinnis, PhD (Galveston) 

Postdoc 

Men tees 

Men tees 
C Cooper, PhD 

L Pasarell, MPH 
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MD ANDERSON CANCER CENTER (Houston) 

GBodey,MD 

Degree Post doc Mentees 
E Anaissie, MD 

E Anaissie, MD 

Degree Postdoc Men tees 
D Kontoyiannis, MD 

DKohen, MD 
C Legrand, MD 

A Gokas1an, MD 

RC Hopfer, PhD (1974-87) 

Degree Postdoc Mentees 
G Araj, PhD 

UNIVERSITY OF VIRGINIA 

deBary 

~ 
Farlow 

~ 
Thaxter 

~ 
Weston 

~ 
Conant 

~ 
Friedman 

~ 
Cutler 

~ 

KHazen, PhD 

Degree Postdoc Men tees 
PM Glee, PhD 
TJ Silva, MD 

J Masuoka, PhD 
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Degree 

UNIVERSITY OF WASHINGTON (Seattle) and 
SEATTLE BIOMEDICAL RESEARCH INSTITUTE 

TWhite,PhD 

Post doc 
JoBeth Harry, PhD 

Men tees 
KMarr,MD 

FRED HUTCHINSON CANCER RESEARCH CENTER (Seattle) 

Degree 

Degree 
J Kwon-Chung, MS, PhD 

Degree 

Degree 
FTWolf,PhD 

RBowden,MD 

Postdoc 

UNIVERSITY OF WISCONSIN 

Humphry 
! 

Johnson 
! 

Coker 
! 

Couch 
! 

KRaper,PhD 

Postdoc 

J Davis/J Jones, MD 
(Hospital & Clinics) 

Post doc 
BKlein,MD 

(Dalldorf Fellow, 1986) 

EM Gilbert 

Postdoc 

Mentees 
KMarr,MD 

Jo van Burik, MD 

Men tees 
M Berliner 

Men tees 

Men tees 



Degree 

VA MEDICAL CENTER- UNIVERSITY OF MICHIGAN 
(Ann Arbor, Michigan) 

C Kauffman, MD 

Postdoc/ Fellows 
J Sangeorzan, MD 

S Bradley, MD 
PJones, MD 

R Tiballi, MD 

197 

Men tees 
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Degree 
DDixon, PhD 
B Davis, PhD 

S Elmorshidy, MS 
P Goldson, MS 

C Utz, MS 
L Nicholas, MS 

Degree 

Degree 

VIRGINIA COMMONWEALTH UNIVERSITY 

Plunkett 
t 

Sand J Shadomy, PhD (1960s) 

Post doc 
J Fisher, MD 

L Austin, PhD 
RDuma,MD 

R Fromtling, PhD 
R Gebhart, MD 

T Kerkering, MD 
(Dalldorf Fellow, 1978) 

NRotowa, MD 

Harper 
t 

Emmons 
t 

J Utz, MD, MS (1960s) 

Postdoc 
J Shadomy, PhD 
RDuma,MD 

R Duma, MD, PhD 

Post doc 

Men tees 
R Gebhart, MD 

CUtz, MS 
J Fisher, MD 

Informal Training 
A Espinel-Ingroff, PhD 

Men tees 
J Shadomy 

T Kerkering 
RDuma 

Mentees 
T Kerkering 



Degree 

Degree 
CWhite,PhD 
RDent, MS 
C Still, MS 

Degree 

VIRGINIA COMMONWEALTH UNIVERSITY (cont'd) 

A Espinel-Ingroff, MS, PbD 

Postdoc Men tees 

Metzenberg 
! 

E Jacobson, MD, PhD (VA Hospital) 

Postdoc 
S Vartivarian, MD 

HEmery,PhD 
KNyhus,PhD 

R Ikeda, PhD (Sabbatical) 

T Kerkering, MD 

Postdoc 
MTurik,MD 

Informal Training 
S Elmorshidy 

DDixon 
JFisher, MD 
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T Kerkering, MD 
R Gebhart, MD 

M Tenenbaum, MD 
MTurik,MD 

V Bruzzese, MD 
M Workman, MD 

TF!ynn,MD 

Mentees 

Men tees 
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Degree 

Degree 

WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 

deBary 

l 
Farlow 

l 
Thaxter 

l 
Weston 

l 
Conant 

l 
Friedman 

l 

G Medoff, MD/Kobayashi, PhD 

Postdoc 
B Goldman 

B Lasker, PhD 
P Steele 
E Keath 
E Spitzer 
J Arroyo 
B Vincent 

JWolf 
B Maresca, PhD 

M Sacco 
DKitz 

BBody, PhD 

GMedoff,MD 

Postdoc 
M Sokol-Anderson, MD 
(Dalldorf Fellow, 1985) 

Men tees 
M Pfaller 

Informal 
E Jacobson, MD 

(1975-77) (Fellow) 
M Pfaller, MD 

(1980-82) 

Mentees 



Degree* 
PBajwa, PhD 

P Whitcomb, PhD 

WAYNE STATE UNIVERSITY (Detroit, Ml) 

Reiss 
! 

C Jeffries, PhD 

Postdoc 

*Medical Mycology Thesis (PhD) but they are not working in medical mycology 

Degree 

Degree 

Degree 

Degree 
W Merz, MS, PhD (1968) 

R Calderone, PhD 
C Kurtzman, PhD 

JSobel,MD 

Postdoc 

EK Manavathu, PhD 

Postdoc 

JA Vazquez, MD 

Postdoc 

WEST VIRGINIA UNIVERSITY 

Bessey 
! 

HBarnett 

Postdoc 
R Calderone 

201 

Men tees 

Men tees 

Men tees 

Men tees 

Men tees 
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Davise Larone, PhD 
Ted White, PhD 

YALE UNIVERSITY SCHOOL OF MEDICINE 
VA Connecticut Health Care System, West Haven, CT 

BWong,MD 

Postdoc 
HT Truong, MD (1996) 

Y Mao, PhD (1996) 

V Chaturvedi, PhD (Assoc. Research Scientist) 

SELF-TAUGHT (Not "formally" taught) 



Appendix C: Medical mycology books (chronologie order) 

Jacobson HP. Fungous Diseases: A Clinico-mycological Text. 
Springfield, II: Charles C. Thomas, 1932. 

"The first book in the U.S.A. that dealt solely with medically 
important fungi. It is strictly descriptive in a clinical sense and 
does not discuss etiological agents" (G Kobayashi, personal 
communication, July I, 1993). 

Dodge CW. Medical Mycology: Fungous Diseases of Men and 
Other Mammals. St. Louis: C.V. Mosby Co., 1935. 

This is a very significant book. "Although predated by HP 
Jacobson's book, the book by Dodge is the first complete 
treatise describing all of the fungi that have been medically 
implicated in disease up to then" (G Kobayashi, personal 
communication, July I, 1993; M McGinnis, questionnaire). 

Lewis GM, Hopper ME. An Introduction to Medical Mycol-
ogy. Chicago: The Yearbook Publishers, Inc., 1939. 

This book and other early ones "put medical mycology on a 
sound scientific basis and organized the information rationally" 
(D Pappagianis, questionnaire). 

Conant NF, Martin OS, Smith DT, Baker RD, Callaway JL. 
Manual of Clinical Mycology. Philadelphia: W.B. Saunders 
Co., 1944 (2nd edn., 1954; 3rd edn, 1971). 

This book "cleared away the seeming disheartening complexity 
of the field and the miasma of misinformation" (Ajello, perso
nal communication, December 23, 1993). 

Skinner CE, Emmons CW and Tsuchiya HM. Molds, Yeasts, 
and Actinomycetes. London: John Wiley & Sons, Inc., 1947. 

"This book is very important. While listed as the second edition 
of Henrici's first book (published in 1930), Henrici did not write 
this edition. It was written in memory of this great teacher of 
mycology by the three listed authors". It is the basis of the book 
by Emmons CW, Binford CH, Utz JP (1963) entitled, Medical 
Mycology. Philadelphia: Lea & Febiger (G Kobayashi, personal 
communication, July I, 1993). 

Wolf FA, Wolf FT. The Fungi in Two Volumes. New York: John 
Wiley & Sons, Inc., 194 7. 

Volume II contains the medical mycology section. 

Wilson JW. Clinical and Immunological Aspects of Fungous 
Diseases. Springfield, Ill: Charles C. Thomas, 1957. 

This is a well known book since it contains the first description 
of the "primary chancriform syndrome" as opposed to cuta
neous lesions resulting from disseminated systemic disease (F 
Swatek, personal communication, January I 0, 1994). 

Emmons CW, Binford CH, Utz JP. Medical Mycology. Phila-
delphia: Lea & Febiger, 1963. 

Emmons edited three editions and in 1977, J. Kwon-Chung 
became an author (3rd edn.). Kwon-Chung and J Bennett 
published a fourth edition in 1992. 

Ajello L, Georg LK, Kaplan W, Kaufman L. Laboratory 
Manual for Medical Mycology. Atlanta: Public Health 
Service Publication No. 994, CDC, 1963. 
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Wilson JW, Plunkett OA. The Fungous Diseases of Man. 
Berkeley & Los Angeles: University of California Press, 
1965. 

This book was a very good teaching tool as it included a useful 
series of drawings and photographs of medically important 
fungi. 

Haley LD. Diagnostic Medical Mycology. New York: Apple-
ton-Century-Crofts, 1965. 

Haley first published this manual at Yale University. Two more 
editions were published (1973, 1978) while she was at CDC. 
This manual made "possible to do in the laboratory what 
Conant and coauthors (1944) have stated was important to do 
in order to diagnose fungal diseases and to identify the fungi 
causing them" (LD Haley, personal communication, December 
31, 1993). 

Beneke ES. Monograph in Human Mycoses. Kalamazoo, MI: 
The Upjohn Company, 1968. 

Seven editions have been published of this manual. It was an 
excellent teaching tool for medical students for many years at 
the VCU/Medical College of Virginia. 

Rebell G, Taplin D. Dermatophytes. Their Recognition and 
Identification. Coral Gables, FL: University of Miami Press, 
1970. 

This manual provided an aid in the identification of the 
etiologic agents of skin and hair infections. It was published 
first in 1964 in photo-offset with three color plates by the 
Dermatology Foundation of Miami. Since the first edition, the 
number of recognized members of the genera Epidermophyton, 
Microsporum, and Trichophyton had increased from 28 to over 
40. Therefore, the 1970 edition was designed to include these 
additional species and had a new color plate showing the new 
ascigerous species of Microsporum and Trichophyton. 

Rippon JW. Medical Mycology. Philadelphia: W.B. Saunders 
Co., 1974 (2nd edn., 1982; 3rd edn., 1988). 

The three editions provide a compendium of information used 
in the training of physicians and laboratory personnel. 

McGinnis MR. Laboratory handbook of medical mycology. 
New York: Academic Press, 1980. 

"This handbook provided the first usable bench manual, which 
included a listing of all previously reported fungal pathogens" 
(I Salkin, personal communication, April 25, 1994). The 
manual "contains established clinical nomenclature and con
temporary mycological terminology" (M McGinnis, personal 
communication, September 17, 1993). 

Chandler FW, Kaplan W, Ajello L. Color Atlas and Text of the 
Histopathology of Mycotic Diseases. Chicago: Year Book 
Medical Publishers, Inc., 1980. 

This book included a vast selection of photomicrographs that 
represent fungal lesions with corresponding laboratory diag
nostic captions to facilitate the rapid review or differential 
diagnosis of a fungus in tissue. 
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Howard DH, ed. Fungi Pathogenic for Human and Animals (in 
three parts). New York: Marcel Dekker, Inc., 1983. 

Szaniszlo PJ, ed. Fungal Dimorphism: With Emphasis on Fungi 
Pathogenic for Humans. New York: Plenum Publishing 
Corporation, 1985. 

"The first complete volume of information devoted exclusively 
to the subject of dimorphism" (PJ Szaniszlo, personal commu
nication, June 6, 1994). It provided complete reviews of 
dimorphism of a large variety of fungi that are mostly patho
genic for humans and other animals, e.g. B. dermatitidis, H 
capsu/atum, C. a/bicans, and C. immitis. 

Reiss E. Molecular Immunology of Mycotic and Actinomycotic 
Infections. New York: Elsevier Biomedical Pubications, 
1986. 

Kwon Chung KJ, Bennett JE. Medical Mycology. Philadelphia: 
Lea & Febiger, 1992. 

This book focused on fundamentals of interest to most medical 
mycologists. 

Larone DH. Medically Important Fungi. A Gnide to Identifica
tion, 2nd edn. Washington, D.C.: American Society for 
Microbiology, 1993. 

This unique and extremely popular book answers the demand 
of laboratory personnel in need of reliable and simple guide
lines for identifying fungi that are clinically encountered. The 
material is arranged so that the laboratorian can systematically 
reach a possible identification knowing only the macro- and 
microscopic morphology of an isolated organism The third 
edition was published in 1995 by the American Society for 
Microbiology. 

Murphy J, Friedman H, Bendinelli M, eds. Fungal Infections 
and Immune Response. New York: Plenum Press, 1993. 

This book presents recent advances in the understanding of 
fungal pathogens. 



Appendix D: Historical publications by other authors 

Biographic studies 

Silva and Hazen (1957) and Kwon-Chung and 
Campbell (1986) have published biographic summa
ries of Rhoda Benham and Chester Emmons. Ben
ham was a professor and mentor of the former 
authors and Emmons was a mentor for the latter 
authors. Benham's scientific publications, as well as 
her influence as a teacher, are considered her major 
contributions to medical mycology. Benham's con
tributions as a pioneer researcher and first leader in 
the teaching of medical mycologists was researched 
in greater detail for this book and integrated in 
Chapters III and IV. 

Although Emmons is widely recognized as one of 
the founders of medical mycology, his biography by 
Kwon-Chung and Campbell (1986) is a short two 
page obituary. His influence as a teacher and a 
researcher is cited as a major contribution. However, 
there is no mention that Emmons, through his 
teaching and research endeavors, proved to the 
medical community of his time that fungal infections 
were common and not rare diseases (M. McGinnis, 
personal communication, April 2, 1993). As a 
component of this study, his major contributions to 
the development of this discipline in the United 
States are examined in Chapters III and IV. 

Baldwin (1981) wrote a book on the medical 
mycologist Elizabeth Hazen, and the chemist Rachel 
Brown, who were the co-discoverers of the first 
effective antifungal agent, nystatin. Bacon (1976) 
has written a biographic analysis regarding Hazen 
which was based upon the memoirs provided by her 
co-worker, Rachel Brown, Margarita Silva-Hutner, 
and her mentor, Gilbert Dalldorf. The impact of the 
Brown-Hazen grants on training and research in 
medical mycology is discussed in detail in Chapter 
IV. 

Schwarz and Baum (1964) briefly described the 
discoveries of the most important pathogenic fungi 
at the end of the 1800s, first in Europe and Latin 
America and later in the United States. The Amer
ican pioneers and their discoveries are discussed in 
detail in Chapter II. Robert Huntington (1985) 
published another brief historical account of the 
contributions leading to a clearer understanding of 
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the fungus Coccidioides immitis. Huntington (1985) 
based his historical research on numerous scientific 
contributions that are well documented in his refer
ence list, as well as on interviews, published scientific 
papers, and biographic information from key figures 
in medical mycology. 

Chezzi (1992) wrote an editorial article on the 
eminent American medical mycologist, Libero 
Ajello, who established the first medical mycology 
diagnostic and research laboratory at the CDC in 
1947, and related training programs later. Accord
ing to Chezzi (1992), Ajello was greatly influenced 
by the publication of the first medical mycology 
textbook, Manual of Clinical Mycology (1945), by 
Norman Conant and his colleagues at Duke Uni
versity. Ajello' s contributions as an applied 
researcher and trainer are considered in more detail 
in Chapter III, IV and V. 

Books 

Ainsworth's (1986) book on the history of medical 
and veterinary mycology encompasses many aspects 
of the development of the discipline in this country, 
including the educational aspects. However, the 
focus of Ainsworth's (1986) historical work is Eur
opean and does not include the last 20 or more years 
of development of the discipline. 

Subramanian (1983) published a chronological 
summary of historical events in the field of mycol
ogy; however, this author focused on the discoveries 
involving the hyphomycetes. Although he provided 
comprehensive and extensive historical data, only 
the events related to medical mycology involving this 
particular group of fungi were included under Chap
ter I. The main thrust of his research was in general 
mycology. 

Drouhet's (1992) historical overview of the field 
encompasses the training of medical mycologists in 
most European countries, the United States, and 
other areas of the world. The scope of his study did 
not permit an in-depth consideration of this field for 
any particular country or area. 

Numerous obituaries and short personal sketches 
are found in MMSA Newsletters and other journals, 
some of them are listed in the references. Also other 
unpublished articles are found in the references. 



Appendix E: List of questionnaire respondents and interviews 

I. List of questionnaire respondents (November 1993-June 1994) 

94. C Abramson, PhD PA College of Pod. Med. at Philadelphia 
57. J Adler-Moore, PhD Cal Poly Pomona, CA 
53. L Ajello, PhD Retired Centers for Disease Control at Atlanta 
12. MAlter, MS Retired Indiana Bd. of Health-Mycology Lab. 
90. V Anaissie, MD Univ. of Texas, MD Anderson Cancer Cter. 

6. DBabel, PhD Henry Ford Hospital at Detroit 
92. E Baron, PhD 
41. K Bartizal, PhD Merck & Co., Inc. at Rahway, NJ 
73. M Bartlett, MD University of Indiana at Indianapolis 

3. M Belaval, MS Retired VA Hospital, Puerto Rico 
78. E Beneke, PhD Retired Michigan State University 
88. J Bennett, MD National Institutes of Health 
l. M Berliner, PhD Eastern Virginia Medical School at Norfolk 

68. A Berry, MD Audie Murphy VA Hospital at San Antonio 
70. B Bolanos, PhD University of Puerto Rico 
81. E Brummer, MD Santa Clara Medical Center at San Jose 
29. G Bulmer, PhD Retired University of Oklahoma at Tulsa 
27. R Calderone, PhD Georgetown University Medical Center 

106. A Casadevall, PhD, MD Albert Einstein College of Medicine, New York 
25. KCiark, BS Gen-Probe, San Diego, CA 
56. K Clemons, PhD Santa Clara Medical Center at San Jose 
87. GCole, PhD University of Texas at Austin 
50. C Cooper, PhD University of Texas Medical Branch at 

Galveston 
64. MCoyle, PhD Harborview Medical Center at Seattle 
84. D Denning, MD Monsall Hospital in England 
52. DiSalvo, MD Nevada State Health Laboratory 
67. W Dismukes, MD University of Alabama at Birmingham 
86. JDomer,PhD Tulane University at New Orleans 
79. RDuma,MD Retired Medical College of Virginia/VCU 
46. J Feinberg, MD Johns Hopkins University 
26. PFidel, PhD Harper Hospital at Detroit 
55. J Fisher, MD Medical College of Georgia at Augusta 

5. A Folkens, PhD Alcon Laboratories, Inc. at Fort Worth 
82. A Fothergill, BS University of Texas Health Science Center at 

San Antonio 
71. R Fromtling, PhD Merck & Co., Inc. at Rahway 

100. J Galgiani, MD VA Medical Center at Tucson 
51. HGallis, MD Duke University at Durham 
4. R Gebhart, MD VA Medical Center at Atlanta 

36. A George, MS Merck & Co., Inc., at Rahway 
96. M Ghannoum, PhD Harbor- UCLA Medical Center at Los Angeles 

109. N. Goodman, PhD University of Kentucky at Lexington 
14. M Gordon, PhD Retired New York State Health Department at Albany 
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35. J Graybill, MD University of Texas at San Antonio 
10. A Guruswamy, BS? Oklahoma Medical Center 
76. CHalde,PhD Retired University of California at San Francisco 
62. LHaley,PhD Retired Centers for Disease Control at Atlanta 
22. NHall,PhD University of Oklahoma at Oklahoma 
43. RHamill, MD VA Medical Center at Houston 
77. H Hardin, PhD Retired Duke University 
24. J Harris, PhD Texas Department of Health 
91. R. Hopfer, PhD University of North Carolina at Chapel Hill 
97. D Howard, PhD University of California at Los Angeles 
18. E Jacobson, MD VA Hospital, MCV, VCU 

104. C Jeffries, PhD Wayne State University at Detroit 
69. W Kaplan, PhD Retired Centers for Disease Control at Atlanta 

101. C Kauffman, MD VA Medical Center at Ann Arbor 
11. L Kaufman, MS, PhD Centers for Disease Control at Atlanta 
48. T Kerkering, MD Medical College of Virginia/VCU at Richmond 
23. TKozel, PhD University of Nevada at Reno 
45. C Kurtzman, PhD National Center for Agricultural Utilization 
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32. J Kwon-Chung, PhD National Institutes of Health (NIH) 
61. GLand, PhD Methodist Medical Center at Dallas 
54. D Larone, PhD Lenox Hill Hospital at New York City 
60. RLarsen,MD University of Southern California at Los Angeles 
19. VLayne, MD Medical College ofVirginia/VCU 
47. P Lehmann, PhD Medical College of Ohio at Toledo 

108. H Levine, PhD Retired Naval Biological Laboratories, CA 
8. A Machicao, BS University of Puerto Rico at San Juan 

105. PMagee, PhD College of Biological Sciences at St. Paul 
17. M McGinnis, PhD University of Texas Medical Branch at Galveston 
58. WMerz,PhD Johns Hopkins Medical Institute at Baltimore 
66. T Mitchell, PhD Duke University Medical Center at Durham 

103. C Morrison, PhD Centers for Disease Control at Atlanta 
102. J Murphy, PhD University of Oklahoma at Oklahoma City 

13. FOdds,PhD Janssen Research Foundation 
7. G Omi, AB (Bioi Sci) Retired 

89. D Pappagianis, MD, PhD University of California at Davis 
40. J Perfect, MD Duke University at Durham 
20. M Pfaller, MD University of Iowa at Iowa City 
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59. MSaag,MD University of Alabama at Birmingham 
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34. 
9. 

28. 
95. 
85. 

107. 
44. 
83. 
16. 
15. 
33. 
42. 
49. 

21. 
30. 
39. 
31. 

J Snyder, PhD 
L Steele-Moore, BS 
L Stockman, MS 
A Sugar, MD 
R Summerbell, PhD 
P Szaniszlo, Ph.D 
S Thompson, MD 
W Timberlake, PhD 
C Utz, MS 
J Utz, MD 
J Vazquez, MD 
J Vollenweider, MD 
I Weitzman, PhD 

B Wickes, PhD 
M Wieden, PhD 
H Wilson 
FTWolf,PhD 

Received after analysis: 

L Pasarell, MPH 
E Koneman, MD 

Retired 
Retired 

Retired 

II. Interviews From 4/1193 to 6/27/94 

L Ajello, PhD 1/4/94 Retired 
R Beneke, PhD 2122194 Retired 
J Bennett, MD 3117194 
M Berliner, PhD 219194 
G Bulmer, PhD 3116194 Retired 
C Campbell, PhD (Hon) 411193 Deceased 
K Clemons, PhD I 113194 
GCole, PhD 31 !4194 
GCozad, PhD !119194 
W Dismukes, MD 1/8194 
J Domer, PhD 3115194 
N Goodman, PhD 5124194 
M Gordon, PhD 11118193 Retired 

& 1110194 
CHalde, PhD !219193 Retired 
R Haley, PhD 12131/93 Retired 
E Jacobson, MD 1124194 
C Jeffries, PhD 5124194 
W Kaplan, PhD !16194 Retired 
T Kerkering, MD I I 4194 
G Kobayashi, PhD 7 I I 193, 

9 I I 194 
J Kwon-Chung, PhD 3114194 

& 3116194 

University of Louisville at Louisville 
The Medical Center of Delaware at Wilmington 
Mayo Clinic at Rochester 
University Hospital at Boston 
Ontario Ministry of Health at Toronto 
University of Texas at Austin 
Emory University at Atlanta 

Georgetown University Hospital at Washington 
The Detroit Medical Center 
Ochsner Clinic at New Orleans 
Columbia Presbyterian Med. Center at New York 
City 
University of California at San Francisco 
Veterans Affairs Medical Center at Tucson 

Vanderbilt University at Nashville 

University of Texas Medical Branch 
Denver VA Hospital at Denver 

Centers for Disease Control 
Michigan State University 
National Institutes of Health 
Eastern Virginia Medical School 
University of Oklahoma 
Southern Illinois University 
Santa Clara Medical Center 
University of Texas 
University of Oklahoma 
University of Alabama Medical Center 
Tulane University School of Medicine 
University of Kentucky 
New York State Health Department 

University of California at San Francisco 
Centers for Disease Control 
VA Medical Center at Richmond, VA 
Wayne State University 
Centers for Disease Control 
Medical College of Virginia/VCU 
Washington University 

National Institutes of Health (NIH) 
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H Levine, PhD 6/27/94 Retired Naval Biological Laboratories 
M McGinnis, PhD 7/22/93, University of Texas Medical Branch 

7/16/94 
& 9/12/94 

W Merz, PhD 1/5/94 Johns Hopkins Medical Institute 
T Mitchell, PhD 1/12/94 Duke University Medical Center 
C Morrison, PhD 5/25/94 Centers for Disease Control 
J Murphy, PhD 3/15/94 University of Oklahoma 
A Padhye, PhD 3/16/94 Centers for Disease Control 
E Reiss, PhD 1125/94 Centers for Disease Control 
M Rinaldi, PhD 113/94 University of Texas Health Science Center 
J Rippon, PhD 3/14/94 Retired University of Chicago 

& 3/16/94 
MSaag, MD 12/21/93 University of Alabama 
I Salkin, PhD 2/22/94 New York State Health Department 
J Shadomy, PhD 1117/94 Retired Medical College of Virginia/VCU 
M Silva-Hutner, PhD 11/20/93 Retired Columbia University 

& 11121/93 
JUtz, MD 1/7/94 Retired Georgetown University Hospital 
TWalsh,MD 3/15/94 National Cancer Institute 
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latex agglutination test 67 
leukemia 60, 61, 67, 68-9 
lymphoma 60, 61 

Malasseziafurfor 37, 66 
Mayo Clinic 99 
MD Anderson Cancer Center 195 
Medical College of Georgia 163 
Medical College of Ohio 163 
Medical College of Virginia, Virginia Commonwealth Univer

sity (MCV, VCU) 68, 76-7, 96 
Medical Mycological Society of Ihe Americas (MMSA) xii, xiii, 

XV, 37, 127 
Medical Mycology Predoctoral Training Program (MMPT) 

123 
Medical Mycology Society of the Americas 68 
meningitis 38, 39 

Candida albicans 38, 42 
Coccidioides immitis II 0 
Cryptococcus neoformans 38, 88, I 08 
Pseudallescheria boydii 39, 42 
see also cryptococcal meningitis 

Melhodist Medical Center 99, 164 
Michigan State University 74, 165 

VA Medical Center 197 
miconazole II 0 
microscope development 3 
Microsporum 8, 37 

M. audouinii 6, 17, 43, 62 
M canis62 
M. gypseum 71 
M mentagrophytes 6 
M vanbreuseghemii 71 

Minnesota, University of, College of Biological Sciences 185 
molecular genetics 88-9 
Montana State University 98, 103, 166 
muscardine 5 
mycetomas 

eumycotic 42 
mycotic 17, 33-4 

Myco Pharmaceuticals Inc 167 
mycotic mycetoma 17, 33-4 

Nannizzia 114 
N grubyia 71 

National Cancer Institute 74, 168-9 
National Committee of Clinical Laboratory Standards 

(NCCLS), Subcommittee for Antifungal Susceptibility Tests 
106, 110-11 

National Institute of Allergy and Infectious Diseases (NIAID) 
122-3, 168-9 
Mycoses Study Group (MSG) xiii, xv, 86, 106, 107, 108-10, 
128 

National Institute of Health (NIH) xi, 63, 74-5, 126, 127-8 
expansion years 94, 97 
formative years 36, 37, 45-6 
transition era 122 

natural killer cells 115, 116 
Nevada, University of 186 
New York State Heallh Department 170-1 
New York University Medical Center 74 
North Carolina, University of, at Chapel Hill 187-8 
nystatin xiv, 60, 62-3, 94, 128 

Oklahoma, University of 47, 76, 189-91 
orlhogonal field alternating gel electrophoresis 113 



Paracoccidioides brasiliensis x.i-xii 
paracoccidioidomycosis 8 
pathogenicity 119-20 
penicillin 60 
Penicillium 4, 7 

P. janczewskii 64 
peptone 33 
periodic acid-Schiff stain (PAS) 64 
Phaeoannellomycres werneckii 8 
phaeohyphomycosis 87-8, 93, 114 

cerebral61 
Phialophora 90 

P. parasitica 87-8 
P. verrucosa 18, 20, 122 

Piedraia hortae 8 
pityriasis versicolor xi, 66 
Pityrosporum 

P. orbiculare 66 
P. ovale 66 

Pneumocystis carinii x.i-xii 
polymerase chain reaction 112, 113 
propamidine 43, 63 
Pseudal/escheria boydii 42, 66, 89, 114 

antigens 86 
first drawings 23 
meningitis 39, 42 
mycetoma 33-4 

pulsed field gradient electrophoresis 121 

random amplified polymorphic DNA assay (RAPD) 112, 113 
Rhinosporidium seeberi 8 
rhinosporidosis 8 
Rhizopus arrhizus 42, 64, 118--19 
ringworm 7, 8, 15, 17,73 

scalp 6, 62 
Rutgers University 172 

Saccharomyces cerevisiae 43, 120, 121 
chromosome mobility 112 
DNA content 89 

Saint Louis University at St Louis 172 
Santa Clara Valley Medical Center 99-100, 173 
Scedosporium apiospermum 89 
Seattle Biomedical Research Institute 196 
silkworm disease 3, 5 
skin reactions 64 
skin tests 60 

expansion years 90--1 
formative years 33, 35, 39, 40, 41 

spherulin 60, 91 
spontaneous generation 3 
Sporothrix schenckii 12, 15, 19, 21, 67 

antifungal agents 43 
asteroid formation 43 
CNS infection 38 
diagnosis 70 
dimorphism 13, 18, 71 
medium42 
treatment 63 

sporotrichosis 17, 19, 35, 110 
Sporotrichum 17 
staining techniques 43, 64 
steroid therapy 60--1, 69 
stilbamidine 60, 63, 67 
Streptomyces 

S. nodosus 63 

S. noursei 62 
Syzygites4 

Tamp cells 115 
Temple University 76, 95, 174 
Texas, University of 192-4 
thrush 6, 33, 36, 108 

see also candida 
tinea barbae 6 
tinea capitatis see dermatophytosis 
tinea capitis 6, 8, 62 
tinea cruris 8 
tinea favosa 5 
tinea nigra 8 
tinea pedis xi, 47 
Torula4 
transplants 67, 68, 87-8, 97, 106 
Trichophyton 8, 37, 43 

nutrition 65 
T. georgiae 65 
T. mentagrophytes 6, 43, 64, 65, 71, 114 
T. rubrum 65 
T. schoenleinii 5, 7, 73 
T. tonsurans 6, 7 
T. violaceum 43 

Trichosporium 17 
tuberculosis 8, 18, 19, 20, 39, 67, 69 
Tulane University xii, 75, 175--6 
'turkey' epidemic 39 
typhoid fever 6, 33 

University of California at Berkeley 178 
University of California at Davis 99, 179 
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University of California at Los Angeles (UCLA) 44--5, 75--6, 
180--1 

University of California at San Francisco (UCSF) 95--6, 181 
University of Cincinnati College of Medicine 182 
University of North Carolina (UN C) 98 
University of Texas Health Sciences Center (UTCHSC) 98 

VA Medical Center 177 
vaccines 114 
Valley Fever 25, 37-8, 40--1, 114 

see also coccidioidomycosis 
Verticillium 4 
Virginia Commonwealth University 198-9 
Virginia, University of 195 

Wangiella90 
W. dermatitidis 93-4, 121, 122 

Washington, University of96, 196 
School of Medicine 200 

Wayne State University 201 
West Virginia University 201 
Wisconsin, University of 196 

X-rays 8, 41 
coccidioidomycosis 19 
tuberculosis 39 

Xylohypha bantiana 114 

Yale University School of Medicine 202 

zygomycosis 20, 42, 61, 64 
host defenses 93, 118 
rhinocerebral 39, 42 
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