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PREFACE

This manual is primarily intended for use by laboratory techni-
cians, microbiologists, ahd students in medical mycology courses as a
guide in the study and laboratory diagnosis of pathogenic fungi in men
and animals. For more detailed information on symptomology, path-
ology, differential diagnosis, prognosis and treatment, reference
should be made to anyone of several textbooks or references.

The material in this manual has been arranged so that the student
trained in bacteriological procedures, with little or no training in my-
cology is introduced to some of the essential characteristics of fungi
and some of the common contaminants before handling any of the path-
ogenic fungi. Subsequent to becoming acquainted with some of the com-
mon contaminants, it has been found that the student receives valuable
training while trying to isolate and identify as many unknown fungi as
possible on culture media from various sources such as air borne
spores, dust in attics, soil or dung.

Most of the pathogenic fungi that have been reported to occur as
clinical cases in North America are included in this laboratory manual.
Some of the fungus diseases included in this manual are usually found to
be more prevalent in other parts of the world, but may occur in North
America when people travel so rapidly from one continent to another,
Each disease contains information on type of material that may contain
the fungus, procedures for direct microscopic examination of the mate-
rial, staining technics, culture procedures, macroscopic appearance of
the organism if grown in culture, microscopic appearance of the fungus,
pathological studies and animal inoculation procedures where applicable,
A selection of some of the current references are included for additional
information on technics and mycological aspects of the organism. This
manual has been arranged so that the student or the medical technician
can readily refer to the essential characteristics of each disease which
should aid in a more rapid laboratory diagnosis of the etiological agent.
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CHARACTERISTICS OF FUNGI

INTROD UCTION

In order to become acquainted with some of the fungi among many thou-
sands in the world, an introduction to a systematic arrangement of these
organisms is a necessity. After the introduction of a few basic concepts on
terminology, the major classification system, and a few organisms, the
identification of fungi becomes much easier. After becoming acquainted with
some of the contaminants and the pathogenic fungi, the medical bacteriolo-
gists, medical technologists, physicians, and veterinarians, will have a bet-
ter concept about the behavior of fungi when pathogenic in man or animals.

Fungi have somatic or vegetative structures that may be one-celled or
tubular in form. These tubes or threads are known as hyphae or a single
thread is a hypha. The hyphae branch and may have cross walls or septa.
The hyphae develop from spores which vary considerably in one organism or
another. A large mat of hyphal growth is known as mycelium.

Two general types of reproduction occur in the fungi: asexual and sex-
ual. Asexual reproduction is the most common in the pathogenic fungi which
in most cases do not reproduce sexually. Asexual reproduction may be by
fragmentation of hyphae, cells in the hyphae may break up into their com-
ponent cells which are called arthrospores (oidia), cells may become thick-
walled and are known as chlamydospores, while the most common type of
asexual reproduction is by means of spores. Yeasts may multiply by budding
(blastospores), or by cell division.

CLASSIFICATION

The same categories or groupings are used in fungi as well as in plants
to separate the organisms, The categories include: Kingdom, Phylum, Class,
Order, Family, Genus and species (see chart). Although there are variations
in classification systems, there are four classes in the true fungi or Eumy-

cophyta:

1. Phycomycetes include a number of one-celled organisms, but most
of the group is filamentous. The mycelium lacks cross walls in
most cases, and organisms reproduce asexually by means of spo-
rangia which contain motile or nonmotile spores. Sexual reproduc-
tion is by means of a thick-walled resting spore such as a zygospore
or oospore. Only a few human pathogens occur in this group.




2 CHARACTERISTICS OF FUNGI

2. Ascomycetes have cross walls or septa in the mycelium. Asexual
reproduction varies from budding cells, cell division, breaking up
of cells in the hyphae, to a specialized branch or conidiophore bear-
ing conidia. The typical reproductive structure for the entire group
is the ascus, a sac-like structure containing usually 8 ascospores as
a result of sexual reproduction. Not many human pathogens belong
to this group.

3. Basidomycetes have septate mycelium with uninucleate or binucleate
cells. The binucleate mycelium which arises from sexual reproduc-
tion usually forms clamp connections or bulges on the side of the
cells where the nuclei divide in the formation of new cells., The typ-
ical reproductive structure is the basidium, a club-shaped structure
usually bearing 4 basidiospores on the surface. This group is of
little importance in causing human or animal diseases. At times
mushroom poisoning is of importance in medical practice.

4, Deuteromycetes (Fungi Imperfecti) are an artificial group of fungi
which reproduce by asexual means only. Many apparently would be
Ascomycetes or in some cases Basidiomycetes if the sexual stage
were found to occur., Most of the pathogenic fungi in man and ani-
mals belong to this class.

In order to develop a better background concerning fungi, it is suggested
that reference be made to a textbook on mycology such as '"'Introductory
Mycology'" by Const, J. Alexopoulos. There are a number of other reference
books or textbooks that may be utilized in the study of fungi.

SELECTED REFERENCES

1. ALEXOPOULOS, C, J. 1952, Introductory mycology. John Wiley & Sons,
Inc., New York,

2, BESSEY, E. A. 1950. Morphology and taxonomy of fungi. The Blakiston
Co., Philadelphia,

3. CHRISTENSEN, CLYDE M. 1951. The molds and man. University of
Minnesota Press, Minneapolis.
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RELATIONSHIP OF THE VARIOUS CATEGORIES
OF THE FUNGI

THALLOPHYTA
(Plants undiffeventiated into
roats, stems, and leaves)

Algace Fungi
(Contain chilovophyll; (Contain no chlovophyll;
synthesize food) are saprophytic or parasitic)
Phylum Class Sub-Class, Sevies, or Order Examples of Genera or Species
Myxomycophyta 3 Classes
(slime molds)
Schilom)'cophyta Schizomycctes Eubacteriales c caeesssesssssssecsasssssssssnansssssne Corynebaclcrium tenuis
(bacteria) (true bacteria)
Actinomyoclales s ensseeeussnsssrssasansys ssnasnesse NOcardiaminutissima
(funguslike bacteria; may branch)
« | Chlamydobacteriales
'§ (algalike bacteria;- may be sheathed)
8 | Myxobacteriales
f{ (slime bacteria; slimy creeping mass)
w
‘S | Spirochaetales
& | (protozoalike bacteria)
Rickettsiales
(intracellular parasiles)
Eumycophyta Phycomycetes Series Uniflagellatae—3 orders
(true fungi) (algal fungi; nonseplate (single flagellum on spores)
hyphae; asexual spores fe Wi Rhizopus
; !’. s Scries Biflagellatae—4 orders (sporangia al nodes of stolons
If{_’ med in sporangia,; (two flagella on spores; water opposite rhizoids)
oospores or molds, white rusts, downy mildews) Muico
zygospores formed Q . weee
sexually) Series Aplanatae—2orders......v.00es .e (sporangia directly on
(bread molds and fly fungi) mycelium; no rhizoids)
ASCOMYCELESs esorsrnnn | « « Sub-Class Protoascomycetes—2 orders Piedraia hortai
(sac fungi; form (yeasts and leaf curl fungi)
ascospores, Sub-Class Euascomycetes
typically 8, sexually in / Series Plectomycetes—2 orders voeesaae . < ::ﬁ:;ﬁ‘lli::
an ascus or sac) (black molds, blue molds)
Series Pyrenomycetes—8 orders
(the perithecial fungi)
\ Series Discomycetes—4 orders
W{cup fungi, morels, and truffles)
) Basidiomycetes «vouevs « « Sub-Class Hemibasidiomycetes—5 orders Epidermophyton floccosum
..§, (produce sexual spores iz (jelly fungi, rusts, smults) Microsporum audouini
S on a base, or basidium) Sub-Class Holobasidiomycetes—6 orders :: canis
o (mushrooms, puffballs, shelf, coral, o g;; P"l:"“ -
5 and bird's nest fungi) richophyton mentagrophytes
T. rubrum

+» Form-Order Sphaeropsidales T. tonsurans

Form-Class sencesoens ¥
(reproduce by conidia in pycnidia) A ,__’::;;" T. schoenleini
e

Deuteromycetes

(imperfect fungi; Form-Order Melanconiales T. concentricum
asexual sfages of (reproduce by conidia in acervuli) T. ferrugineum
Ascomyceles or . . T. violaceum
rarely Basidiomycetes Form-Order Mom’llzflcs cetestsaens T. verrucosam
whose sexual stages (re.producc ny t:omdm borne f)ther- T. megnini
are yet undiscovered) wise, or by oidia, or by budding) T. gallinae
Form-Order Mycelia Sterilia Malassezia furfur
(no reproductive structures known) Trichosporon beigelii
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A SUGGESTED LABORATORY SCHEDULE

The following schedule is based on two-hour laboratories. Additional
demonstrations, materials and audiovisual aids are used when available
(see sources of materials in the back of the manual). Whenever possible the
following fungi should be grown on slide cultures for semipermanent mounts
and in bottle or plate cultures by the students (exceptions: Coccidioides
immitis and possibly a few other systemic fungi).

Laboratory Period

1

10

Organism for Study

Introduction, Classification of fungi, Equipment.

Penicillium sp, ; Aspergillus sp, ; demonstration
of slide culture methods, culture procedures.

Paecilomyces sp.; Scopulariopsis sp. ;
Gliocladium sp. Media for fungi.

Trichoderma sp.; Verticilium sp.; Cephalosporium
sp.; Fusarium sp.

Isolation of air-borne fungi, etc.; Alternaria sp. ;
Hormodendrum sp. ; Helminthosporium sp.

Nigrospora ;p. ; Pullularia sp.; Mucor sp.;
Syncephalastrum sp. ;

Rhodotorula sp.; Saccharomyces sp.; Streptomyces
sp. ; Phoma sp.

Patch test; Complete report on identification of
air-borne fungi; Nocardia tenuis. Unknown for
identification.

Piedraia hortai; Trichosporon biegelii; Malassezia

furfur. Hotchkiss - McManus stain.

Methods for culture of dermatophytes; Use of
Wood's light; Microsporum audouini; Microsporum
gypseum,

-6 -



A SUGGESTED LABORATORY SCHEDULE 7

Laboratory Period

11

12

13

14
15

16

17

18

19

20

21

22

23

Organism for Study

Microsporum canis; Epidermophyton floccosum;
isolation of fungus from tissue, hair; determination
of fungus in skin; film strips on '"Histophatology of
Human Fungus Infections' (4 in series).

Kodachromes of the dermatophytes; Trichophyton
mentagrophytes; Trichophyton rubrum; Tricho-
phyton violaceum. Unknown pathogenic fungus.

Trichophyton tonsurans; Trichophyton schoenleini,
Trichophyton ferrugineum; other dermatophytes.

Completion of slides. Review.
Spot test.
Injection of animals with Sporotrichum schenckii;

Histoplasma capsulatum; Blastomyces braziliensis;
Cryptococcus neoformans.

Hormodendrum pedrosoi; Hormodendrum compactum;
Phialophora verrucosa; Kodachromes.

Monosporium apiospermum; Nocardia asteriodes;
Nocardia madurae; Nocardia braziliensis.

Actinomycosis; culture of organism; tissue sections. ’

Candida albicans; C. tropicalis; C. pseudo-
tropicalis; C. krusei; C. parakru—sei; injection

of animals; stain smears; tissue sections; fermen-
tations; chlamydospore culture; color movie on
candidiasis.

Lecture by a dermatologist.

Cryptococcus neoformans; staining of organism;
injection of animals with Coccoidiodes immitis.,
Geotrichum sp., stained smear.

Aspergillosis; infection of chickens with asper-
gillosis. Sporotrichum schenckii; staining of tissue.




A SUGGESTED LABORATORY SCHEDULE

Laboratory Period Organism for Study
24 Blastomyces dermatitidis; B. brasiliensis; staining of
tissue.
25 Coccidioides immitis; staining of tissue; film

strips on Blastomycosis and Coccidioidomycosis,

26 Histoplasma capsulatum; staining of tissue,
Rhinosporidiosis; Haplomycosis.

27 Reports on current literature,
28 Completion of slides, review.

29 Spot test.



COMMON CONTAMINANTS
LABORATORY PROCEDURES

INTRODUCTION

In order to become acquainted with the characteristics of growth, col-
onies and appearance of the somatic (or vegetative) and reproductive struc-
tures in fungi, a study of the common contaminants utilizing some of the more
readily identifiable fungi at first is one good way to become acquainted with
the handling of these organisms by the laboratory technician. The atmosphere
usually contains many of the fungi that cause contamination in cultures. Some
of these may occasionally cause allergies or be pathogenic in rare situations.
In a few cases some of the contaminants may be confused with the pathogenic”
fungi. Both contaminants and pathogenic fungi may be isolated from skin le-
sions, sputum or other sources of materials from a patient.

The first few lectures or laboratory periods may be devoted to an intro-
duction to the major classification systems and terminology of the fungi utiliz-
ing specific examples to illustrate the different classes in case there is a lack
of previous background in mycology.

SELECTED REFERENCES FOR
STUDY OF CONTAMINANTS

1. ALEXOPOULOS, C. J. 1952, Introductory mycology. John Wiley and
Sons, Inc., New York,

2. BARNETT, H. L. 1955, Illustrated genera of imperfect fungi. Burgess
Publishing Co., Minneapolis, Minnesota,

3. BESSEY, E. A. 1950. Morphology and taxonomy of fungi. The Blakiston
Company, Philadelphia, Pa.

4. FITZPATRICK, H. M. 1930. The lower fungi - Phycomycetes. McGraw-
Hill Book Co., New York, New York.

5. GILMAN, J. C. 1957, A manual of soil fungi. Iowa State College Press,
Ames, Iowa. Second Edition.

6. LODDER, J., and KREGER-VAN RIJ, N. J. W. 1952. The yeasts - A
Taxonomic study. Interscience Publishers, New York, New York.

7. MARTIN, G. W, 1950. Outline of the fungi. Wm. C. Brown Co., Dubuque,
Iowa,



