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Preface to the Seventh Edition

Every edition of Larone’s Medically Important Fungi: A Guide to Identification has
been written with the needs of the reader foremost in mind so that the identification
of fungi encountered in the clinical laboratory is logical, understandable, and enjoyable
for all medical mycologists and those interested in this fascinating field. The goal
has never been to compete with larger texts, but to present information in a format
so arranged that a medical mycologist can reach a possible identification knowing
only the colony and microscopic morphology of an isolated organism. This for-
mat, which has proven so successful, is maintained in this edition. Further, with
each new edition a major accompanying goal is to expand the reader’s knowledge
and provide contemporary information regarding emerging fungal pathogens and
their associated properties.

This edition introduces four new authors: Lars F. Westblade, Eileen M. Burd,
Shawn R. Lockhart, and Gary W. Procop. Each brings a unique perspective and
area of expertise, and all have worked in close collaboration to honor the work
of Davise H. Larone, the founding author, while striving to update this important
diagnostic resource.

Both Part I, “Direct Microscopic Examination of Clinical Specimens”, and
Part II, “Identification of Fungi in Culture”, are expanded to include several new
organisms. In addition, many organism descriptions have been updated, and some
organisms have been regrouped to better reflect their biology. The various reference
sections in previous editions are now consolidated into a single reference section,
and references for many organisms are updated. Part III, the “Basics of Molecular
Methods for Fungal Identification” section, and Part IV, the “Laboratory Tech-
nique” section have also been carefully reviewed and revised to ensure information
is current and universally applicable to the practicing medical mycologist.

Due to the flurry of molecular taxonomic studies applied to medically impor-
tant fungi, taxonomy and nomenclature adjustments continue to be hotly debated
topics in medical mycology. These changes can cause confusion especially when
viewed by patient-facing colleagues. We have endeavored to provide clarity by

Xix



XX

highlighting the name suggested for clinical reporting in the banner heading associ-
ated with each organism description. We have also included additional taxonomic
and nomenclature information in a newly introduced feature, “Taxonomy Notes,”
that is associated with organism descriptions as needed. The information presented
in “Taxonomy Notes” provides continuity with earlier names and presents revised
names. We are mindful that for those organisms whose names have been revised,
yet not adopted for clinical reporting in this edition, eventual accumulation of data
that may lead to improved diagnosis and treatment of our patients may warrant
acceptance of the revised names.

As this edition goes to press we are already considering the next! As such, we
seek feedback from readers and all comments, suggestions, or requests aimed at
fulfilling the needs of the readership will be most appreciated.

February, 2023

PREFACE TO THE SEVENTH EDITION



Preface to the First Edition

More than ever, clinical laboratory personnel with limited experience in mycology
must culture and identify fungi isolated from clinical specimens. Even after attend-
ing a course in the subject, technologists often need guidance in identifying the
great variety of organisms encountered in the lab. With the advent of proficiency
testing by local and national organizations, technologists have a need and oppor-
tunity to practice and increase their skills in the medical mycology laboratory.

Most classic texts, though rich in information, are arranged according to the
clinical description of the infection; the textual discussion of any particular fun-
gus can be located only from the index or table of contents. Since the technolo-
gist doesn’t know the name of an unidentified fungus and usually has little or no
knowledge of the clinical picture, these texts are at best difficult to use effectively.
The unfortunate result is the all-too-common practice of flipping through an entire
mycology textbook in search of a picture that resembles the organism under exam-
ination. Such a practice may make the more accomplished mycologist’s hair stand
on end, but it is a fact to be acknowledged.

This guide is not meant to compete with these large texts, but to complement
them. The material here is so arranged that the technician can systematically reach
a possible identification knowing only the macro- and microscopic morphology of
an isolated organism. Reference can then be made to one of the classic texts for
confirmation and detailed information.

Many possible variants of organisms are found under several categories of mor-
phology and pigment. The outstanding characteristics are listed on the page(s)
apportioned to each organism, and references are suggested for further information
and confirmation (see How To Use the Guide).

Medically Important Fungi avoids the jargon so commonly and confusingly used
in most mycology books. Drawings are used wherever possible to illustrate organ-
isms described in the text. To ensure clarity, a glossary of terms is included, as well
as a section on laboratory techniques for observing proper morphology. Another
section includes use of the various media, stains, and tests mentioned in the book.

xxi



The actinomycetes, although now known to be bacteria rather than fungi,
are included because they are frequently handled in the mycology section of the
clinical laboratory.

It is believed that this guide will enable students and medical technologists to
culture and identify fungi with greater ease and competency and in so doing to
develop an appreciation of the truly beautiful microscopic forms encountered.

I wish to acknowledge with gratitude the encouragement and advice re-
ceived from my co-workers at Lenox Hill Hospital, and Dr. Norman Goodman,
Mr. Gerald Krefetz, Mr. Bill Rosenzweig, Ms. Eve Rothenberg, Dr. Guenther Stotzky,
Mr. Martin Weisburd, Dr. Irene Weitzman, and Dr. Marion E. Wilson.

Davise H. Larone
New York
December, 1975

xXii PREFACE TO THE FIRST EDITION
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S
Sabouraud brain heart infusion
agar (SABHI agar), 462-463
Sabouraud dextrose agar
(SDA), 3,463
Sabouraud dextrose agar with
15% NaCl, 464
Sabouraud dextrose broth, 464
Saccharomyces, 124t
Saccharomyces cerevisiae, 77,78,
143, 156-157
characteristics of, 151t
colony morphology of, 156
microscopic morphology
of, 156
pathogenicity of, 156
rate of growth, 156
Safety precautions, 11-12
Saksenaea, 195
sporulation inducement method,
428
Saksenaea vasiformis, 44, 83, 206
colony morphology of, 206
microscopic morphology of, 206
pathogenicity of, 206
rate of growth, 206
Sample-to-answer technologies,
nucleic acid
amplification, 391
Sanger sequencing
identification method, 393-394
lane construction for
bidirectional, 394t
Saprochaete capitata, 166
Sarocladium, 87, 97,98
Sarocladium kiliense, 365
Sarocladium strictum, 33t, 365
Scalp and hair, specimens, 411
Scedosporium spp., 27,29, 33t, 41,
45,47,175,177
clinical sites for laboratory
recovery, 409t
Scedosporium apiospermum
species complex, 83, 86, 91,
92,102, 237-240
characteristics of, 241t
colony morphology of, 237
microscopic morphology
of,237-238
pathogenicity of, 237

rate of growth, 237
taxonomy, 237
Scedosporium apiospermum sensu
stricto, 237
Scedosporium aurantiacum, 237
characteristics of, 241t
Scedosporium boydii, 237
Scedosporium dehoogii, 237
characteristics of, 241t
Scedosporium inflatum, 242
Scedosporium minutisporum, 237
characteristics of, 241t
Scedosporium prolificans, 242
Schizophyllum commune,
85,95,378
colony morphology of, 378
microscopic morphology of, 378
pathogenicity of, 378
rate of growth, 378
Scopulariopsis spp., 89,
92,103, 355
colony morphology of, 355
microscopic morphology of, 355
pathogenicity of, 355
taxonomy notes, 355
Scopulariopsis brevicaulis,
355, 356
characteristics of, 357t
Scopulariopsis brumptii, 355, 356
characteristics of, 357t
Scytalidium cuboideum (for-
merly Arthrographis
cuboidea), 324
Scytalidium dimidiatum, 259
Scytalidium byalinum, 259
Sepedonium spp., 83,97,
173,376
colony morphology of, 376
microscopic morphology of, 376
pathogenicity of, 376
rate of growth, 376
Septate hyphae, 85
Sequence-based species
identification, molecular
targets and primers for, 385t
Sequencing-based
identification methods
deep sequencing, 394-395
massive parallel
sequencing, 394-395

next-generation sequencing
(NGS), 394-395
Sanger sequencing, 393-394
Shimono-Hartman method,
rapid methenamine silver
stain, 437
Signal amplification methods,
PNA FISH, 390
Sinus specimens, 412
Skin, H&E stain, 472
Skin specimens, 410
Slide culture method, 420-421
Solicoccozyma terrea (formerly
Cryptococcus terreus),
characteristics of, 150t
Specimens. See also Laboratory
procedures
abscesses and wounds, 407
blood, 408
body fluids, 408, 410
bone marrow, 410
cerebrospinal fluid (CSF), 410
collection and preparation,
406-413
common clinical sites for labora-
tory recovery of fungi, 409t
cutaneous, 410-411
ear, 411
eye, 411
lower respiratory tract,
411-412
macroscopic examination of
cultures, 419
medical device (stents, surgical
implants), 412
methods for direct microscopic
examination of, 414-416
microscopic examination of
growth, 419-421
nasal and sinus, 412
primary isolation, 416-419,
417t
prostatic fluid secretions, 412
scenarios for rejection of, 407
tissues, 412—413
urine, 413
vaginal, 413
Splendore-Hoeppli phenomenon, 28
actinomycotic granule, 472
definition, 24
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Sporobolomyces salmonicolor,
78,154-155
characteristics of, 151t
colony morphology of, 154
microscopic morphology of, 154
pathogenicity of, 154
rate of growth, 154
Sporothrix, 24,28
fungal molecular targets and
primers, 385t
Sporothrix brasiliensis, 186
Sporothrix globosa, 186
Sporothrix luriei, 186
Sporothrix mexicana, 186
Sporothrix schenckii species
complex, 54, 55, 80-81,
186-188, 217
clinical sites for laboratory
recovery, 409t
colony morphology of, 186
microscopic morphology of, 186
pathogenicity of, 186
rate of growth, 186
taxonomy notes, 186
Sporothrix schenckii sensu stricto,
186
Sporotrichosis, 54
etiologic agents, 54
morphology of organism, 54
observation and brief
description, 35t
sites of infection, 54
tissue reaction, 54
Sporothricum, 371
characteristics of, 373t
Sporotrichum pruinosum, 83, 90,
93,97,99,374-375
colony morphology of, 374
microscopic morphology of, 374
pathogenicity of, 374
rate of growth, 374
Sporulation inducement method,
Apophysomyces and
Saksenaea, 428
Stachybotrys alternans, 262
Stachybotrys atra, 262
Stachybotrys chartarum, 83,
103, 262-263
colony morphology of, 262
microscopic morphology of, 262
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pathogenicity of, 262
rate of growth, 262
taxonomy notes, 262
Staib agar, media, 448-449
Stain, 29-30, 30-31t
Stained preparations, 415-416
Staining methods
acid-fast modified Kinyoun stain
for Nocardia spp., 432-433
acid-fast stain for ascospores, 433
ascospore stain, 433
calcofluor white (CFW)
stain, 434-435
Giemsa stain, 435
Gomori methenamine silver
(GMS) stain, 435-437
Gram stain (Hucker
modification), 438-439
lactophenol cotton blue, 439
lactophenol cotton blue with
polyvinyl alcohol (PVA)
(Huber’s PVA mounting
medium), 439-440
rehydration of paraffin-
embedded tissue (deparaf-
fination), 440
Starch hydrolysis agar, 464-465
Stemphylium spp., 94, 103, 275
colony morphology of, 275
microscopic morphology of, 275
pathogenicity of, 275
rate of growth, 275
Stenella araguata, 251
Stents, specimen, 412
Stratum corneum, definition, 24
Streptomyces spp., 12, 41,76, 82,
96, 98,109, 110t, 114-115,
117,212
colony morphology of, 114
lysozyme, 459
microscopic morphology of, 114
pathogenicity of, 114
rate of growth, 114
taxonomy notes, 114
Streptomyces somaliensis,
110¢, 114
Streptomyces venezuelae,
chloramphenicol, 478
Sulfur granules, 40
Suppurative granuloma, 27

Suppurative inflammation, 26
acute, 26
definition, 24
H&E stain, 469
Surgical implants, specimen, 412
Syncephalastrum racemosum,
101, 211
colony morphology of, 211
microscopic morphology of, 211
pathogenicity of, 211
rate of growth, 211

T
T2 magnetic resonance, nucleic
acid amplification, 390-391
Taeniolella boppii, 235
Talaromyces, 348
Talaromyces marneffei (formerly
Penicillium marneffei),
36t, 55, 58, 80-81, 88, 97,
183-185, 348
clinical sites for laboratory
recovery, 409t
colony morphology of, 183
microscopic morphology of, 183
Mycosel agar, 459
pathogenicity of, 183
primary isolation, 416
rate of growth, 183
taxonomy notes, 183
Talaromycosis, 58
bone marrow, 58
etiologic agent, 58
morphology of organism, 58
observation and brief
description, 36t
sites of infection, 58
tissue reaction, 58
Taxonomy, 13-14
T-cell immunity, 55
Teleomorph, 484
Temperature tolerance testing, 429
Terminology, histological, 21-24
Thermally dimorphic fungi,
80-81,171,427
Thermally monomorphic moulds
dark gray or black surface, 101
greenish, dark gray, or black
surface, 102-104
green surface, 100



pink to violet surface, 98-99
tan to brown surface, 92-95
white, cream, beige, or light gray
surface, 86-91
white, cream, or light gray
surface, 82-85
yellow to orange surface, 96-97
Thermothelomyces ther-
mopbhila, 264
Thermothelomyces
thermophilus, 93, 264
colony morphology of, 264
microscopic morphology of, 264
pathogenicity of, 264
rate of growth, 264
taxonomy notes, 264
Thyridium curvatum, 228
Tinea, 49, 484
Tinea nigra, 51
etiologic agent, 51
morphology of organism, 51
observation and brief
description, 34t
sites of infection, 51
tissue reaction, 51
Tinea versicolor, 50
etiologic agents, 50
morphology of organism, 50
observation and brief
description, 34t
PAS stain, 473
sites of infection, 50
tissue reaction, 50
Tissues, specimens, 412-413
Torulopsis glabrata, 142
Transport regulations, 5, 8, 9
Trematosphaeria grisea, 33t,
95,104, 253
colony morphology of, 253
microscopic morphology of, 253
pathogenicity of, 253
rate of growth, 253
taxonomy notes, 253
Trichoderma spp., 100, 359-360
colony morphology of, 359
heterogeneity of internal tran-
scribed spacers (ITS1,
ITS2), 384
microscopic morphology of, 359
pathogenicity of, 359

rate of growth, 359
Trichoderma longibrachiatum, 359
Trichophyton spp., 49,

287,300,371

agars, 465-466

dermatophyte, 480

growth patterns of, 310t

urea agar, 467
Trichophyton africanum, 300
Trichophyton ajelloi, 295, 314
Trichophyton benhamiae var.

benhamiae, 300
Trichophyton benhamiae var.
luteum, 300
Trichophyton concentricum,
growth patterns of, 310t
Trichophyton equinum, growth
patterns of, 310t
Trichophyton eriotrephon, 300
Trichophyton europaeum, 300
Trichophyton indotineae, 300
Trichophyton interdigitale, 300
Trichophyton japonicum, 300
Trichophyton megninii, 88, 98, 308

colony morphology of, 308

differentiation of, 302t

growth patterns of, 310t

microscopic morphology of, 308

pathogenicity of, 308

rate of growth, 308

taxonomy notes, 308
Trichophyton mentagrophytes

species complex, 82, 86, 88,
89, 98, 300-301, 303

colony morphology of, 300

cornmeal agar, 454

differentiation of, 302t

growth patterns of, 310t

hair perforation test, 428, 429

microscopic morphology of, 300

pathogenicity of, 300

rate of growth, 300

taxonomy notes, 300
Trichophyton mentagrophytes

sensu stricto, 300
Trichophyton quinckeanum, 300
Trichophyton rubrum, 82, 86, 88,

89, 300, 303-304

colony morphology of, 303

cornmeal agar, 454

differentiation of, 302t
growth patterns of, 310t
hair perforation test, 428, 429
microscopic morphology of, 303
pathogenicity of, 303
rate of growth, 303
Trichophyton schoenleinii, 84, 86,
89,311,480
colony morphology of, 311
growth patterns of, 310t
microscopic morphology of, 311
pathogenicity of, 311
rate of growth, 311
Trichophyton soudanense, 96,
98,299, 309
colony morphology of, 309
microscopic morphology of, 309
pathogenicity of, 309
rate of growth, 309
Trichophyton tonsurans, 82, 86,
89,92, 96, 98, 305-306
colony morphology of, 305
differentiation of, 302t
growth patterns of, 310t
microscopic morphology
of, 305
pathogenicity of, 305
rate of growth, 305
Trichophyton verrucosum, 84,
86,96,312
colony morphology of, 312
growth patterns of, 310t
microscopic morphology
of, 312
pathogenicity of, 312
Trichophyton violaceum,
85,98,313
colony morphology of, 313
growth patterns of, 310t
microscopic morphology
of, 313
pathogenicity of, 313
rate of growth, 313
Trichoporonosis, observation and
brief description, 37t
Trichosporon capitatum, 166
Trichosporon spp., 30t, 64, 79, 84,
124t, 163-164, 166, 167
characteristics of, 151t,
165t, 320t
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Trichosporon spp. (continued)
CHROMagar Candida medium,
452
clinical sites for laboratory
recovery, 409t
colony morphology of, 163
fungal molecular targets and
primers, 385t
microscopic morphology
of, 163
pathogenicity of, 163
rate of growth, 163
taxonomy notes, 163
Trichosporon asabii, 64,163, 164
characteristics of, 165t
Trichosporon asteroides,
64,163
Trichosporon cutaneum, 163
Trichosporon inkin, 64,163, 254
characteristics of, 165t
Trichosporonosis, 64
etiologic agents, 64
morphology of organism, 64
sites of infection, 64
tissue reaction, 64
Trichosporon mucoides, 163
Trichosporon mycotoxinivorans,
163
Trichosporon ovoides, 64, 163,
254
characteristics of, 165t
Trichothecium roseum, 96,
99,297,370
colony morphology of, 370
microscopic morphology
of, 370
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pathogenicity of, 370
rate of growth, 370
Trypanosoma cruzi, 56
Tsukamurella, acid-fast modified
Kinyoun stain, 432
Tyrosine agar, 466

U
Ulocladium (now Alternaria),
93,103,273
United States Postal Service
(USPS), §
Urea agar, 467
Urine, specimens, 413
U.S. Department of Transportation
(DOT), 5
Hazardous Materials
Regulation, 6
User-friendly Nordic ITS
Ectomycorrhiza Database
(UNITE), 398t
Ustilago spp., 78, 95, 161
colony morphology of, 161
microscopic morphology of, 161
pathogenicity of, 161
rate of growth, 161

\'}
Vaginal specimens, 413
Verruconis gallopava, 93,
103, 244-245
colony morphology of, 244
microscopic morphology of, 244
pathogenicity of, 244
rate of growth, 244
taxonomy notes, 244

Verticillium spp., 82, 92, 97,
98, 100, 364
colony morphology of, 364
microscopic morphology of, 364
pathogenicity of, 364
rate of growth, 364

W
Wangiella dermatitidis, 249
Water agar, 467
Water culture technique, stock fun-
gal cultures, 429
Westerdijk Fungal Biodiversity
Institute, 398t
Wickerbamiella pararugosa, 136
Wickerhamomyces anomalus, 145
Wounds, specimens, 407

X
Xylohypha bantiana, 236

Y
Yarrowia lipolytica, 140
Yeastlike organisms, 121-122
Yeasts, 121-122
assimilation media for, 444-448
fermentation broth for, 456457
isolation when mixed with
bacteria, 424
procedure for identification
of, 421-424

yA
Ziehl-Neelsen stain, 31t, 432
Zygomycetes, term, 195
Zygomycosis, 44



