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Preface

Half a century ago our knowledge of mycoses, especially pulmonary mycoses,
was rather fragmentary. It was limited to rare case reports as oddities. Accordingly,
in the “Handbuch der speziellen pathologischen Anatomie und Histologie” the
chapter on lung diseases caused by budding and spore-forming fungi by J. WATsEN
(Halle) took up as little as 27 pages. Only ArRNDT (Géttingen) could report on
several cases from which he made his observations on actinomycotic changes of
the lungs and pleura.

Since then our knowledge of mycoses has deepened and expanded in an unpre-
dictable manner. This progress was mainly due to research and publications in the
USA and South America. In Central Europe the number of cases of mycoses has
increased during the last two decades, being reported especially as a second disease
in patients with spontaneous or iatrogenic destruction of the bone marrow after
treatment of cancer with cytostatic agents.

The number of known types of pathogenic fungi has increased. The knowledge
of their types and conditions of growth have given rise to a subspecialty. Therefore,
a great need has arisen for a new edition of the chapter on mycoses in the Henke-
Lubarsch-Roessle Handbook of Special Pathological Anatomy and Histology.

The publishers as well as the editors had the great fortune to find as author
Prof. RocEr D. BAKER, who himself has contributed substantially to the know-
ledge of human mycoses. It is thanks to Prof. Baker that a large number
of eminent scientists could be won as co-authors. Today, under his guidance,
a complete handbook on human infection with Fungi, Actinomycetes and Algae
has been written. At the present time no other book exists which describes so
extensively the fundamentals of human mycology, including taxonomy, clinical
aspects, epidemiology, and pathological anatomy.

For all the great progress of the past decades we should not forget that 50 years
ago MAX AskaNazy wrote, for the textbook of General Pathology edited by
Lupwic ASCHOFF, a substantial and thoughtful chapter on fungi as germs. Among
his illustrations there is a marvelous colorprint of an aspergilloma of the lungs.
This, an early milestone, should not get lost among the abundance of genuine and
supposed newer discoveries.

Zirich/Heidelberg 1971 Prof. Dr. E. UEHLINGER
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Introduction

At the First Symposium on Mycotic Diseases of The International Academy
of Pathology, meeting in London, Professor Dr. E. A. UEHLINGER of the Institute
of Pathology of the University of Zirich, Switzerland, invited me to prepare a
volume on the pathologic anatomy of the mycoses. This treatise would be a part
of the section on the lung of the ‘“Handbuch der speziellen pathologischen Anatomie
und Histologie”, now edited by Professor UEHLINGER, and would be published
in English. It was my good fortune to persuade pathologists, microbiologists, and
epidemiologists the World over to contribute chapters on subjects in which they
had long experience and special competence.

The result is this authoritative volume of monographs, a number of which
presently represent the most comprehensive exposition of ‘“Infection with Fungi,
Actinomycetes, and Algae”. The investigation of the literature necessary to write
the chapters has lead to new insights and correlations concerning the nature,
epidemiology, diagnosis, prevention, and treatment of these increasingly signifi-
cant diseases. This material is indispensable not only to pathologists, but to micro-
biologists, research workers, dermatologists and other practising physicians.

I owe a debt of gratitude to the co-authors of this volume, to my wife, ELEANOR
UssHER BAKER, who helped in the preparation and editing of the volume, and to
Springer-Verlag.

Professor RogER DENTO BAKER, M.D.
Senior Author
New Brunswick, N.J., 1971



The Scope and General Pathology of Human
Infection with Fungi, Actinomycetes, and Algae

ROGER D. BAKER, New Brunswick/New Jersey, USA

The Causative Organisms

Infections of man by fungi, actinomycetes, and algae constitute a large group,
with fungi responsible for the great majority of cases, and actinomycetes and algae
for the small minority.

In books on medical mycology the infections due to true fungi and actino-
mycetes are treated simply as fungi (CONANT et al., EMMONS et al., BADER) but the
actinomycete organisms are so different from the true fungi that actinomycetic
infections must be placed in a separate group. The actinomycete organisms of
human infections are much thinner than the fungi proper and are quite like the
bacilli of bacterial organisms except that they branch.

SKINNER et al. suggest a need for further division by the title of their book,
“Molds, Yeasts and Actinomycetes.” In the present volume, molds and yeasts are
designated as fungi.

Infections due to algae are also included because the tissue appearance of the
organism is similar to that of fungi, because there is a kinship between fungi and
algae, and because the field of medical algology is limited and does not warrant a
separate volume.

How are algae and fungi related ? They are both among the Thallophyta, one
of the four divisions of the plant kingdom.

The Thallophyta are characterized by their growth in irregular plant masses
not differentiated into roots, stems, and leaves like higher plants (SKINNER et al.).
Such a mass of plant tissue is called a thallus, hence the name Thallophyta for
algae and fungi. The algae, being provided with chlorophyll, are capable of syn-
thesizing their food from inorganic compounds by the energy of sunlight. The
fungi, being devoid of chlorophyl, must depend for their food upon organic matter
synthesized by other organisms, growing as either saprophytes or parasites. The
reader is referred to Chapter XXVI for an example of infection by an alga. The
lichens (Lichenes) have been considered a third subdivision of the Thallophyta,
because they are peculiar plants composed of algae and fungi growing together in
symbiosis. Most authors classify them with the fungi. The lichens have not been
reported as pathogenic for human beings.

Yeasts are true fungi whose usual and dominant growth form is unicellular
(SkINNER et al.). The organisms causing cryptococcosis and candidosis are examples
of yeasts. The other pathogenic fungi are multicellular, are molds, and have a
mycelium, though they often have a yeast phase in tissue.

The fungi are widely distributed in nature and only a few are pathogenic for
healthy man. Others become pathogenic when man’s resistance is lowered. About
the same occurrence of fungous infections is found in animals as in man, but fungi
are exceedingly important and common pathogens in plant pathology.

Handbuch der pathologischen Anatomie III/5 1
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Fungus Diseases

Some fungous diseases are deep infections resembling tuberculosis or bacterial
pyemias, whereas others are superficial infections of the skin and are regarded
simply as nuisances. Fungi are vegetable parasites, larger and more complicated
in structure than bacteria. The true fungi have thick filaments or hyphae which
branch and often produce rounded bodies or spores, though some remain as yeasts.
Pleomorphism of growth is often exhibited so that the organism grows largely in
a filamentous form on blood agar at room temperature but in a rounded form at
body temperature. Deep fungus infections involve subcutaneous, bony or visceral
tissues, whereas the superficial infections occur on the surface of the skin or of
mucous membranes.

Fungus duseases comprise more than is covered in this volume, which is limited
to fungus infections. As an example, mushroom poisoning is a fungus disease and
will not be discussed because it is an intoxication rather than an infection. How-
ever, a discussion of aflatoxins will be found in the chapter on aspergillosis.

Infection by fungi implies that the fungus enters the tissues and incites a char-
acteristic inflammatory response. If the organisms are seen in microscopic sections
of tissue in giant cells or in microabscesses, infection seems valid. Care must be
taken to exclude from the category of fungus infections cases in which a fungus is
grown in culture from a lesion but which cannot be seen in section or in direct smear.
Organisms in culture may come from the normal flora of nonpathogenic fungi
existing on the skin or mucous membranes. However, if a pathogenic fungus not
commonly an inhabitant of a body region or an ordinarily nonpathogenic fungus
in a debilitated person is repeatedly cultured from a lesion, the probability is in-
creased that it may be the causative agent. Clinical diagnoses of bronchopulmonary
candidosis must be made, on occasion, because of repeated, heavy growth of the
organism in cultures of sputum. It may be impractical to obtain biopsy material
to demonstrate the fungus in tissue in relation to a characteristic inflammatory
response.

The Distribution and Epidemiology of Fungus Diseases

The soil is the usual source of fungus infections. The fungi live in the soil or on
vegetation and propagate there, infecting man only occasionally through the in-
halation of dust or through puncture wounds. Candidosis may be endogenous in
origin, inhabiting the digestive tract and entering the mucous membrane of the
esophagus or intestine.

Two of the great endemic mycoses, coccidioidomycosis and histoplasmosis,
have large but limited geographical origin. Coccidiotdomycosis originates in Cali-
fornia and in the Southwest of the United States, in bordering Mexico, and in re-
gions of Central and South America. The fungus requires a special environment
of temperature, moisture and type of soil. Man contracts the disease by breathing
in the dust of these areas. The occurrence of histoplasmosis is similarly based on
the presence of Histoplasma capsulatum in the soil of the regions adjacent to the
Mississippi and Ohio Rivers of the United States, and of many scattered regions
in North and South America.

The third great endemic mycosis, dermatophytosis (athlete’s foot and ringworm),
is apparently different in origin. Dermatophytosis in the form of tinea pedis will
be found where persons wear shoes and where the moisture between the toes
provides a favorable place for the fungus to grow. Ringworm of the scalp is a
contagious disease, being contracted from other children with the condition or
from animal pets with the disease.
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Mycetoma is an occupational hazard. The barefoot farmer or the wood carrier
is infected from a fungus in the soil or in wood, via a puncture wound on a leg or
on the back.

The remainder of the mycoses come from the soil or vegetable material, namely
cryptococcosis, North and South American blastomycosis, Lobo’s disease, sporo-
trichosis, rhinosporidiosis (perhaps from water), the phycomycoses (mucor-
myecosis, subcutaneous phycomycosis, rhinoentomophthoromycosis), the mycoses
caused by the dematiaceous brown fungi (chromoblastomycosis, cladosporiosis and
brown-fungus infections of the lungs and subcutaneous tissues), aspergillosis, and
several of the rare or doubtful mycoses. Geotrichosis may be endogenous or exo-
genous in origin.

The mycoses are therefore generally noncontagious, in striking contrast to
many of the viral and bacterial diseases. The cutaneous tineas, especially ringworm
of the scalp, are probably the only contagious mycoses.

Pathologists have, however, contracted North American blastomycosis and
perhaps other mycoses as cutaneous infections of the hands as a result of perform-
ing postmortem examinations. This is an example of contagion from a dead body
to a living one. There are also examples in which coccidioidomycosis may have
been contracted by nursing personnel apparently as the result of organisms derived
from the mycelial phase from the sinuses of patients who have infected the bed-
linen or plaster casts. This occurrence may be questioned, as the nursing personnel
was in an endemic region for coccidioidomycosis, and may have contracted the
disease while off duty.

One form of environmental or occupational infection is the laboratory. Many
cases of coccidioidomycosis and histoplasmosis have been reported because physi-
cians, medical students and laboratory workers handled or inhaled cultures of the
causative fungi in the mycelial form.

How Pathogenic Fungi Infect Man

Potentially pathogenic fungus organisms are numerous in the soil of many
regions, and healthy individuals are frequently infected. For example, in the Cin-
cinnati region there is evidence from histoplasmin skin tests and from autopsy
demonstration of dead organisms in lesions that 859, of the population has been
infected and has coped successfully with the infection, causing it to be calcified and
inactive. The great majority of these infections occur in healthy persons and a
decreased host resistance plays no part in favoring the infection. The fungus is
aspirated deeply into the lung and there finds an environment of temperature and
other factors which permit it to multiply. It lives in macrophages for a time, then
forms tubercles in the lung, in the draining lymph nodes and in half of these cases
in the spleen as well. For a fungus organism to be pathogenic, it must find in the
tissues an environment suitable for continued existence and multiplication. In-
numerable nonpathogenic organisms must enter the tissues of normal individuals
during their lifetime, through wounds and abrasions, and then perish because the
conditions are not favorable for continued growth.

Once histoplasmosis has developed to the stage of a primary complex, im-
munity and hypersensitivity show themselves. The infection usually fails to
spread further. Also it is apparently more difficult to reinfect the individual from
exogenous sources than it was the first time. The factors of hypersensitivity and
immunity are similar to those of tuberculosis, except that the residual histoplasmic
lesion is less prone to reactivation than is the residual tuberculous lesion.

1*
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Reduced host resistance plays a minor, but definite role in the original infection,
and in the spread within the body, of some primary fungal pathogens. (Symposium
on Opportunistic Fungus Infections, 1962.)

Mycoses Associated with Lowered Host Resistance, and Caused by
Fungi Which are Usually Nonpathogenic and “Opportunistic’

There are three well known mycoses, candidosis, aspergillosis and mucor-
mycosis, which are encountered in individuals with lowered bodily resistance. The
causative species of Candida, Aspergillus, and Rhizopus (or Mucor or Absidia)
rarely infect healthy human beings. These organisms are ‘“‘opportunistic” or
“facultatively pathogenic.”

An antifungal factor is present in the tissues of the normal body and can be
demonstrated in the serum of normal individuals by its inhibiting effect on the
growth of the fungus on culture media made up with varying proportions of normal
sera (OWENS et al.). This factor is reduced in persons who are suffering some of the
conditions which predispose to infection by these facultatively pathogenic or-
ganisms.

The factor of lowered host resistance to Rhizopus has been extensively studied
in mucormycosis, both by observation of human cases and by research with ani-
mals (see Chapter XXT). These factors may also relate to the other two “opportuni-
stic” mycoses and to two other infections which are occasionally opportunistic,
namely cryptococcosis and nocardiosis.

Mucormycosis develops in persons in diabetic acidosis or suffering from leu-
kemia, and especially when the leukemia is accompanied by neutropenia and when
corticosteroids have been administered. Lowered host resistance to nonpathogenic
organisms and to some of the usually pathogenic fungi is based upon metabolic
disturbances, blood dyscrasias and drug therapy, especially the immunosup-
pressants (BAKER, 1964). The unifying underlying factor common to these con-
ditions is not yet understood. These factors have been operative in the production
of several of the rare and unusual mycoses (see Chapter XXIII) and it is probable
that new mycoses will continue to appear.

Fungi as Inflammatory Irritants

In general fungi are indolent as inflammatory irritants in comparison with
many of the bacteria (BAKER, 1961, 1966). Some fungi compare with the tubercle
bacillus or leprosy bacillus in this respect. For example, we find apparently viable
Histoplasma capsulatum in macrophages and viable Blastomyces dermatitidis in
giant cells. Frequently, living or disintegrating fungi are seen in giant cells or in
minute abscesses. This is well exemplified in North American blastomycosis. In
skin lesions which have persisted for many months, with the patient’s general
health unaffected, we expect the biopsy to show organisms in micro-abscesses or
in giant cells (BAkER, 1961, 1966). The organisms appear to be acting much as
foreign bodies do. A splinter of wood or other foreign substance in the tissues is
often found surrounded by pus or by giant cells. It is not clear that variations in
chemical composition of different organisms has much affect on these basic
responses. The role of developing allergy or hypersensitivity is difficult to assess
in studying human tissue, but the acute inflammatory response is more rapid than
it was at the primary contact with the organism and the body exerts a more
necrotizing effect.
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Tissue Changes in Fungus Diseases

No one tissue change seems to be entirely characteristic or pathognomonic of
fungus disease (BAKER, 1947, 1968; SYMMERS).

If the microscopic appearances of fungus lesions are tabulated with respect to
the degree of suppuration, macrophages, giant cells, caseous necrosis and fibrosis,
the following is observed : '

1. Several of the deep fungous infections, such as blastomycosis (North and
South American), coccidioidomycosis and sporotrichosis, show all of these tissue
changes.

2. Others of the deep infections, such as mycetoma and chromoblastomycosis,
show all of these changes except caseous necrosis.

3. Mucormycosis may run its entire course with only infarction due to vascular
thrombosis and with minimal acute inflammation.

4. Suppuration is absent or minimal in many lesions of histoplasmosis and
cryptococcosis. Animal experimental studies indicate, however, that the initial
response of the body to Cryptococcus neoformans is the neutrophil. This stage has
usually disappeared at the time tissue is examined by biopsy or at autopsy.

5. The superficial fungus diseases often appear to have no inflammatory
response. For example, microspores of tinea capitis occur in the hair shaft and hair
follicle with no inflammatory reaction. In some instances giant cells and lympho-
cytes are noted outside the hair follicle. However, in active phases of dermato-
phytosis all forms of acute and chronic inflammation may be encountered, even
inflammatory edema in the form of vesicles and bullae.

Chronic suppuration with fibrosis is the most general tissue change in deep
fungous infections and the neutrophil is usually the primary reacting cell. In some
instances the macrophage or giant cell may be the primary reacting cell. Factors
responsible for the tissue changes of fungous infections are the following: (1) the
large size of the organism acting as a foreign body, (2) the location of the fungus
as to whether it is superficial or deep in the body, (3) endotoxins and the chemical
constitution of the organism, (4) the development of hypersensitivity to the fungus,
and (5) chronicity of the process.

The term granulomatous inflammation should not be too broadly used in char-
acterizing the mycotic infections. If granulomatous inflammation is defined
chiefly on the basis of participation of clusters of macrophages and giant cells, it
is clear that other features, such as suppuration and fibrosis, are more character-
istic of many fungus infections. If one thinks of granulomatous tissue as charac-
terized by a focal type of reaction, such as the tubercle, then some of the fungous
infections are of this type; but the tubercles of fungous disease tend to have puru-
lent centers in contrast to those of tuberculosis and are abscesses.

One of the most interesting responses to fungus infection is that of calcification.
This is most conspicuous in the inactive histoplasmic lesions of the lung, mediasti-
nal lymph nodes and spleen. The primary lesions of coccidioidomycosis often cal-
cify. The remainder of the mycoses calcify rarely, if at all. T have observed calcifi-
cation in only one case of cryptococcosis and one of North American blasto-
myecosis. In histoplasmosis and coccidioidomycosis the calcification occurs prob-
ably because the lesions undergo a stage of caseous necrosis and the calcium salts
are deposited in the necrotic tissue. It is not reasonable to expect that calcification
would develop in lesions which are predominantly suppurative as in many of the
deep mycoses.

The macrophage is active in many mycoses by itself or as part of a giant cell.
The essence of histoplasmosis is macrophagic phagocytosis of Histoplasma capsu-
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latwm. This is seen on a grand scale in acute disseminated histoplasmosis in which
the macrophages of the reticuloendothelial system of the spleen, liver, lymph nodes
and bone marrow are stuffed with parasites and the spleen and liver become greatly
enlarged, while the bone marrow is destroyed to the point that secondary purpura
develops.

Vascular thrombosis is found in mucormycosis, and occasionally in aspergillosis
and candidosis as a result of the organisms penetrating blood vessels.

Morbidity and Mortality in Myeotic Disease

The total number of persons affected with fungus infections is large when one
considers histoplasmosis, coccidioidomycosis and dermatophytosis. More than
30,000,000 persons in the United States of America have been infected with Histo-
plasma capsulatum. There may be 400,000 new cases of coccidioidomycosis an-
nually. Most of the cases are in an inactive stage and the disability is not great in
comparison with tuberculosis. Sporadic cases of severe and prolonged disability
are encountered in the form of cryptococcal meningitis, coccidioidal meningitis,
histoplasmic chronic pulmonary disease and mycetoma.

The mortality of fungus infections is not great in comparison with the total
number of persons infected. Worldwide there might be 40 deaths per year from
coccidioidomycosis, perhaps the same number from histoplasmosis and crypto-
coccosis, 10 cases of mucormycosis and about the same number of systemic can-
didosis and aspergillosis. There are small numbers of deaths from North and South
American blastomycosis, cladosporiosis, and from the rare mycoses.

The Demonstration of Fungi in Tissues

The demonstration of fungi in human tissues is usually a simple matter. Blocks
of tissue are taken from autopsy material or from surgically removed organs or
biopsies, embedded in paraffin and sections cut from the blocks are stained with
hematoxylin and eosin (BAKER, 1957, 1967 ; EMMoNSs et al.). Examination of these
routine slides may make possible the diagnosis of histoplasmosis, African histo-
plasmosis, coccidioidomycosis, some of the tineas, such as tinea capitis and tinea
versicolor, cryptococcosis, North American blastomycosis, South American blasto-
mycosis, Lobo’s disease, mycetoma, rhinosporidiosis, subcutaneous phycomycosis
and rhinoentomophthoromycosis, chromoblastomycosis, cladosporiosis, brown-
fungus subcutaneous abscesses, candidosis, aspergillosis, mucormycosis and oto-
mycosis.

This list includes all of the fungus diseases considered in this book with the ex-
ception of sporotrichosis, geotrichosis and several of the rare mycoses.

Sporotrichosis can be diagnosed histologically under certain conditions, but the
organisms are often not obvious in hematoxylin and eosin stained slides, and cul-
ture demonstration is highly desirable. Refer to chapter XIII.

In nocardiosis the hematoxylin and eosin stain is not effective in coloring the
organisms. The gram stain must be applied.

The various kinds of grains in mycetoma can often be differentiated one from
another on histologic study.

Occasionally there is confusion between spherules of calcium and fungus
organisms. The problem may be solved by remembering that a fungus occurs in
relation to a characteristic inflammatory response, and not just anywhere in cere-
bral or connective tissue.
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In most instances special stains are not superior to the hematoxylin and eosin
stain for the identification of the fungus in tissues, but they often show the fungus
with increased clarity, and make a beautiful preparation (BAkEr, 1957). The
most helpful special stains for fungi are: (1) the Grocott-Gomori methenamine-
silver nitrate technique (GMS), (2) the Gram stain, (3) the periodic-acid Schiff
stain with a hematoxylin counterstain (PASH), and (4) the mucicarmine stain.

STAINING PROCEDURES

1. A Stain for Fungi in Tissue Sections and Smears, Using Gomori’s Methenamine - Silver
Nitrate Technique, G.M.S. or Grocott-Gomori Stain — Cut paraffin sections at 6 4 from any well-
fixed tissue.

SOLUTIONS

. Five per cent aqueous chromic acid (chromium trioxide, CrOy).

. Stock methenamine-silver nitrate solution: Add 5 ml of 59, silver nitrate to 100 ml of 39,
methenamine, U.S.P. grade (CH,)¢N,. A white precipitate forms but immediately dissolves
on shaking. The clear solution remains usable for months at refrigerator temperature.

. One per cent aqueous sodium bisulfite (NaHSO,).

. Five per cent aqueous borax, U.S.P. grade (Na,B,0,.10H,0).

. One-tenth per cent aqueous gold chloride (AuCl;. HCIL.3H,0). May be used repeatedly.

Two per cent aqueous sodium thiosulfate (Na,S,035H,0).
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TECHNIQUE

1. Deparaffinize sections and bring to distilled water as usual. Smears are prepared on albumin-
treated slides and fixed in 959, alcohol.

2. Hydrated sections and smears are oxidized in 59, chromic acid for 1 hour, washed in run-
ning tap water for 10 min, and then treated in sodium bisulfite for 1 min to remove any
residual chromic acid. They are then washed in tap water for 5 min and finally in 3 changes
of distilled water.

3. Silver at 45—50° C in a working solution prepared by adding 25 ml of stock methenamine-
silver nitrate to an equal portion of distilled water containing 1—2 ml of 59, borax. Fungi
and mucin will begin to stain at the end of 25—30 min and will be adequately stained at the
end of an hour. Slides are then rinsed in distilled water 2 or 3 times.

4. Tone in 0.1 9, gold chloride for 5 min. This will also bleach the background. Rinse in distilled
water.

5. Remove unreduced silver by treating with 29, sodium thiosulfate for 1 or 2 min and, after
washing thoroughly, counterstain if desired; using safranin if a red nuclear stain is desired,
or a light hematoxylin-eosin combination if tissue detail is important.

6. Dehydrate, clear, and mount as usual.

RESULTS

Fungi are sharply delineated in black with the inner parts of mycelia and hyphae staining
an old rose as a result of toning in gold. Mucin also assumes a rose-red color as a result of toning.

2. MacCallum-Goodpasture Stain for Gram-Positive and Gram-Negative Bacteria in Tissues.
Any well-fixed tissue may be used. Cut thin paraffin sections.

SOLUTIONS
Goodpasture’s Stain

Basic fuchsin 0.59 g
Aniline 1.00 c.c.
Phenol crystals (melted) 1.00 c.c.
Alcohol, 309, 100.00 c.c.

Gram’s Iodine
Todine 1.00 g
Potassium iodide 2.00 g

Distilled water 300.00 c.c.
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Sterling’s Gentian Violet Stain

Gentian violet (crystal violet) 500 g

Absolute alcohol 10.00 c.c.
Aniline 2.00 c.c.
Distilled water 88.00 c.c.

Picric Acid Solution
A saturated aqueous solution of picric acid.

TECHNIQUE

. Deparaffinize to distilled water.

. Place in Goodpasture’s stain for 15 min.

Wash in distilled water.

. Differentiate in full strength formalin for a few min until section becomes pink.
Wash in distilled water.

. Counterstain in saturated aqueous picric acid for 3—5 min.

Wash in water.

. Differentiate in 959, alcohol for 3—5 min.

. Wash in water.

. Stain in Sterling’s gentian violet solution for 3 min.

. Wash in water.

. Place in Gram’s iodine solution for 1 min.

. Blot dry.

. Place in a solution of equal parts of aniline and xylene, 2 changes.
. Xylene, 2 changes.

. Mount in Permount or Clarite.
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RESULTS
Gram-positive organisms will be blue; gram-negative organisms, red; background, purplish.

3. Periodic Acid-Schiff Reaction (P.A.S.H. Stain). — Cut paraffin sections at 6 x4 from
formalin or Zenker-fixed tissue.

SOLUTIONS
Periodic Acid Solution

Periodic acid crystals 05 g
Distilled water 100.0 c.c.

Schiff’s Leucofuchsin Solution
Dissolve 1 g of basic fuchsin in 200 c.c. of distilled water. Bring to boil. Cool to 50° C.
Filter and add 20 c.c. of normal hydrochloric acid. Cool further and add 1 g of anhydrous
sodium bisulfite. Keep in the dark. The fluid may take two days to become straw-colored ; then
it is ready for use. Store in refrigerator.

Normal Hydrochloric Acid

Hydrochloric acid, concentrated, sp. gr. 1.19 83.5 c.c.
Distilled water 916.5 c.c.

Sulfurous Acid Rinse

109 sodium bisulfite (NaHSOy,) 6.0 c.c.
Normal hydrochloric acid 5.0 c.c.
Distilled water 100.0 c.c.

TECHNIQUE

. Bring sections to distilled water in the usual way.

. Periodic acid solution for § min.

. Rinse in distilled water.

. Place in Schiff’s leucofuchsin solution for 15 min.

Rinse in 3 changes of sulfurous acid rinse for 2 min each.

Wash in running tap water for 10 min.

. Counterstain with Harris hematoxylin for 1 min.

. Differentiate in acid alcohol (2 or 3 quick dips).

. Wash in running tap water until nuclei are clear blue.

. Dehydrate in graduated alcohols, clear in xylene, and mount in Permount.

OWWTO U WO
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4. Mayer's Mucicarmine Stain. — Cut paraffin sections at 6 z from any well-fixed tissue.

Use control slide.

SOLUTIONS
Picric Acid Solution
Picric acid, saturated solution 100.0 c.c.
Glacial acetic acid 5.0 c.c.

Weigert’s Iron Hematoxylin

Solution A
19, hematoxylin in 959, alcohol

Solution B
Ferric chloride, 29 9, aqueous 4.0 c.c.
Distilled water 95.0 c.c.
Hydrochloric acid 1.0 c.c.

Working Solution
Equal parts of solutions A and B. Prepare fresh

Metanil Yellow Solution

Metanil yellow 025 g
Distilled water 100.00 c.c.
Glacial acetic acid 0.25 c.c.

Mucicarmine Stain

Carmine (alum lake) 10 g
Anhydrous aluminium chloride 05 g
Distilled water 20.0 c.c.

Mix stain in a small flask and heat over small flame until solution becomes deep red

(approximately 2 min). Add 80 c.c. of 509 alcohol. Filter each time before use. (Stain is usable
immediately and is good for several days, giving best results at 24—48 hours.)

o
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TECHNIQUE

. Deparaffinize and bring sections to water as usual.
. Treat sections for 30 min in saturated aqueous picric acid solution.

Wash in running water until clear.

. Place slides on rack and pour on freshly prepared Weigert’s hematoxylin for 4 min.
. Wash in tap water.

Stain in metanil yellow solution for 1 min.
Rinse in distilled water.

. Place in mucicarmine stain for 30 min to 1 hour or longer, check control slide microscopic-

ally for staining time.

. Rinse quickly in 959, alcohol.
. Dehydrate in absolute alcohol, clear in xylene, mount in Permount.

RESULTS
Mucin will be deep rose to red; nuclei, black; other tissue elements, yellow.

Examination for Fungi at Postmortem Examination
and in Surgical Specimens

Make direct examination of the tissues of the lung or meninges or other organs,

or of pus, other fluids, or exudates from ulcers (BAKER, 1967). Scrape the cut sur-
face of the tissue with a scalpel and secure fluid and tissue. Place this on a slide,

put a cover glass over the material, and examine the preparation with the micro-

scope, cutting down the light to make the walls of the fungus organisms prominent.

A definitive diagnosis can often be made by this direct method in the autopsy

room or in the surgical pathology laboratory before the tissue is fixed. It is impor-
tant to make it before fixation, so as to obtain cultures.
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If cryptococcosis is suspected, place a drop of the sediment in a drop of India
ink on a slide, cover with a coverslip, and examine under the microscope. If you
suspect Nocardia, make a smear and stain by Grams’ method.

Culture for fungi if fungi are found on direct examination or if there is suspicion
of myecotic infection. Streak blood agar plates and incubate at 37°C. Streak
Sabourauds’ glucose agar slants and keep them at room temperature. Also inoculate
media that contain antibiotics to suppress bacterial growth. To recover the organ-
isms of mucormycosis take material on a swab and plant on glucose agar to which
has been added sterilized white bread.

Infection by Actinomycetes

Infection of man by actinomycetes is relatively rare in comparison with in-
fections by the true fungi. An actinomycete is defined as any organism belonging
to the order Actinomycetales, composed of filamentous or rod-shaped bacteria
tending strongly to the development of branches and true mycelium and lacking
photosynthetic pigment. The Actinomycetaceae are a family of filamentous bac-
teria of the order Actinomycetales, often branching, sometimes forming a myce-
lium that readily breaks up into bacillary elements, and sometimes producing
conidia.

There are three infections well known to pathologists and clinicians caused by
actinomycetes, namely actinomycosis, nocardiosis and nocardial mycetoma. These
are described in chapters XII, XXIV and XXV.

These infections are of world wide occurrence. Nocardiosis and nocardial my-
cetoma are exogenous infections, derived from organisms in the soil, but
actinomycosis is an endogenous infection, the organisms inhabiting the gum mar-
gins and the tonsillar crypts and entering the tissues when a tooth is extracted.
In the abdominal form of actinomycosis, organisms apparently escape from the
appendix in connection with a rupture or ulceration as part of an ordinary appen-
dicitis, and develop in the periappendiceal region.

All three are suppurative infections. The Gram stain is indispensable in demon-
strating the branching organisms in the pus of nocardiosis and in the granules in
nocardial mycetoma and actinomycosis. The G.M.S. stain is also helpful.

Infection by Algae

Protothecosis is the rare disease in this category. The organisms are frequently
found in giant cells, and the G.M.S. stain is useful in demonstrating them clearly.
See chapter XXVI for a full account.
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Mycology of the Agents Producing
Deep Mycoses

JAN SCHWARZ, Cincinnati/Ohio, USA

With 21 Figures

Fungi are plant organisms; they lack chlorophyl but often contain specialized
organs of reproduction (spores). For the medical mycologist, spores are of decisive
importance in the identification of species. Certain medically important fungi are
dimorphic, appearing in tissues as yeasts of different sizes and shapes, whereas
cultures on artificial media and at room temperature render molds. Specifically and
universally accepted as such dimorphic (biphasic) organisms are Blastomyces
dermatitidis (GILCHRIST and STOKES, 1898), Blastomyces (Paracoccidioides) brasi-
ltensts (Splendore) (ALMEIDA, 1930), Histoplasma capsulatum (DARLING, 1906),
Histoplasma duboisit (VANBREUSEGHEM, 1952) and Sporotrichum schenckii (Hektoen
and Perkins) (MaTrUucHOT, 1910). Reports on dimorphism in Cryptococcus neo-
formans have been exceptional (SHADOMY and Utz) and in Candida albicans contro-
versial.

The term dimorphism is often restricted to the above five fungi causing syste-
mic disease in man and lower animals. The parasitic (yeast) forms reproducing by
budding are seen in the animal tissues and in vitro at 37° C and/or under certain
nutritional conditions. The saprophytic (mycelial) phase presents hyphae in nature
and in vitro at 20° C and develops asexual and sexual spores. The yeast form is
labile and reverts easily into the mycelial form when, in vitro, temperature is
lowered or other conditions change. The myecelial form is stable and if left alone
has no tendency to change into the yeast form.

Romano, applying a broader concept to the definition of dimorphism, speaks
of dimorphism as an environmentally controlled, reversible interconversion of
yeast and mycelial forms, denoted as M = Y.

The mechanism leading to formation of yeast forms in vitro varies in the five
fungi discussed in this chapter.

Different Mechanisms of Conversion from M to Y Phase

In Blastomyces dermatitidis and B. brasiliensis, the yeast phase develops by
simple change of temperature from 20—37° C (actually conversion already takes
place at about 34° C), but can be more easily induced — in some strains — at
higher temperatures, e.g. 40—42° C. No special media are necessary for the con-
version in either fungus (NICKERSON and EDWARDS, SALVIN), to which NICKERSON
and EpWARDS apply the term ‘“‘thermal dimorphism.” The conversion of Sporo-
trichum schenckii to the yeast form is accomplished either (at 37° C) by gas mix-
tures with 5%, CO, or by increase of the tension CO, in media from decarboxyla-
tion of certain amino acids (DROUHET and MARIAT).

Induction of the yeast phase of Histoplasma capsulatum is far more complex.
The conditions for de facto conversion are: heavy inoculum; availability of SH
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groups in amino acids in media; temperature of 37° C, though selected experi-
ments have obtained conversion at 30° C (PINE). Chelation of metal ions by serum
albumin conceivably could be involved in the conversion taking place in the animal
body, since, experimentally, such agents as citric acid, magnesium, and calcium
can be shown contributing to or inhibiting the conversion. The discussion of the
involved issues is beyond the scope of this chapter (PINE and PEACOCK).

Speculation on why this important group of fungi invades tissues under the
disguise of “yeast cells” points to the greater energy potential of yeasts, which ab-
sorb 5—6 times more oxygen than mycelial elements. BAKER et al. have mentioned
that yeast forms represent the greatest possible number of new cells with the
least synthesis of protoplasm, conceivably assuring in this manner survival in the
abnormal (hostile) animal tissue.

Table 1. Dimorphic, pathogenic, yeast-like fungi

Stable, mycelial (saprophytic) form. 20° C Labile, yeast, unicellular (parasitic) form. 370 C

1. Blastomyces dermatitidis

Septate (racquet) hyphae. Oval or Round, multinucleated yeast with single,
spherical conidia on short stalks or broad based, well-adherent buds
terminal (2—4—10 u) (2—8—30 p)

2. Blastomyces (Paracoccidioides) brasiliensis
Septate hyphae with some chlamydo- Large round multinucleated yeast cells
spores; sessile conidia similar to (1—30—60 u), sometimes with numerous
B. dermatitidis (fewer) buds covering the entire surface

3. Histoplasma capsulatum

Septate (racquet) hyphae, numerous Ovoid yeast cells (2—5 u), seldom larger;
small conidia (2—4 u). Smooth and single bud with narrow neck; single
crenated or tuberculate spores (8—15 u) nucleus

4. Histoplasma duboisii
Identical — cannot be differentiated in Large, spherical yeast cells (10—20 y)
mycelial form from H. capsulatum with single buds (‘“‘duboisii forms”);
in young culture also small ovoid yeasts
(“capsulatum forms”); single nucleus

5. Sporotrichum schenckit

Delicate, thin, septate hyphae with Small ovoid yeast forms with single or
conidiosphores bearing terminal pyriform  multiple buds (2—4 z); rod-like “cigar
conidia arranged like daisies bodies” with pointed ends; larger round

yeast cells (5—8 u)

Mechanism of induction of yeast phase in witro:

1 and 2 = thermal; 3 and 4 = thermal, plus nutritional (SH groups in amino acids);
5 = thermal plus CO, tension.

Blastomyces Dermatitidis (GiLcurisT and Stokzs, 1898)

Blastomyces dermatitidis presents in tissues as ovoid to round yeast cell, ge-
nerally with a thick wall and, if budding, with single buds which communicate
broadly with the mother cell (Fig. 1). This wide porus in B. dermatitidis is charac-
teristic enough to permit morphologic identification in most cases. The organism
varies considerably in size, especially if one includes the “microforms,” which are
only about 2 y in size, ranging all the way to such “giants” as yeast cells of 25 u
to 30 u; however, an average B. dermatitidis would probably fall within a range
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Fig. 1. B. dermatitidis in sputum suspended in 109, KOH. Budding yeast with broad pore
between mother and daughter cell. The latter is almost as large as the mother cell. X 1500

from 8—24 y. Within lung tissue or in abscesses in other tissues, the variation in
size may be quite bewildering and may tax the observer’s judgement as to whether
he is dealing with a single or more than one species of yeast organisms. If B. derma-
titidis is present in large amount in a lesion, culture on blood agar at 37° C may
result in a warty, sometimes slightly brownish colony within 2—3 days, which on
subculture may grow even more rapidly. However, the commonly associated bac-
terial contaminants make recovery of B. dermatitidis from “open’ lesions rather
difficult; hence animal inoculation may have to be used in order to supress the
bacterial contaminants. Attempts to come to such results can be also made by in-
corporating chloramphenicol into the media, but it will take care only of a mode-
rate contaminating flora and will not necessarily inhibit saprophytic fungi that
were present in the material.

Culture mounts from such yeast form cultures reveal round yeast cells of
8—15 u. Many budding cells are found in young cultures, all characteristically with
a broad pore between the mother and daughter cells (Fig. 2). The attachment of the
daughter cells is of long duration and the two generations can become of equal size
and remain conjoined. Multiple buds, mentioned especially by EmMoxs, are
distinctly exceptional rather than the rule. Lipoid bubbles are easily recognized
within the cytoplasm of the cell. After proper fixation or with the electron micro-
scope, B. dermatitidis is seen to have multiple nuclei, a very useful point for differ-
entiation from yeasts of similar size and shape (Fig. 3). Specifically, Histoplasma
duboisit and Cryptococcus neoformans have only one nucleus. Induction of the yeast
phase is especially easy on Weeks’ cotton-seed agar.

At room temperature B. dermatitidis develops as white mold, sometimes only
after several weeks duration. Some strains turn brownish in back, others develop
very little pigment. The aerial mycelium forming the colony is seldom very long;
sometimes the surface is almost waxy, with spiny projections extending from the
level of the vegetative portion of hyphal growth. Culture mounts reveal segmented
hyphae, often with racquet-like swellings at the point of segmentation. Conidia,
born laterally or terminally, measure 2—4 y, but in some strains reach up to 10 4.
The superficial resemblance of the conidia with yeast cells can lead to confusion,
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Fig. 2. Culture mount of B. dermatitidis grown on blood-agar at 37° C after 4 days. Large,

thick-walled spherical yeast cells. Budding cells (arrow) form the figure “8.” When buds do

not separate, short chains are seen. Considerable difference in cellular size. Cotton-blue mount
X 1300

especially in cultures which are in transitional stage between yeast and mold forms.
Bizarre forms are seen in such cultures when chains of coherent buds are formed or
large, extended yeast forms, having little resemblance to the classical size and
shape of B. dermatitidis, are seen. Crenated or tuberculate spores, so characteristic
for Histoplasma, are never seen in B. dermatitidis.

A possible explanation for the puzzling difficulty of recovery of B. dermatitidis
from soil is given by McDo~ouveH et al., who demonstrated lysis of B. dermatitidis
in unsterilized soil, whereas sterilized soil was inactive. The mechanism of the
lytic process is not understood. McDoNouGH and LEwIs were successful in growing
B. dermatitidis in the ascigerous form, which they named Ajellomyces dermatitidis.
The mature cleistothecium of Ajellomyces dermatitidis is 200—350 y in diameter
and exhibits tightly coiled spirals when young. The ascogenous hyphyae are
especially frequent near the central origin of the coils. The asci contain 8 smooth,
spherical uninucleate spores from 1.5—2 g in diameter. Ascospores from such cul-
tures, removed by micromanipulator give, on the one hand, origin to characteristic
mold colonies of B. dermatitidis and, on the other hand, produce typical tissue forms
after animal inoculation.

Ajellomyces dermatitidis is assumed to be heterothallic, since cleistothecia form
only after pairing of cultures. McDoxoueH and LEwis induced the formation of
fertile cleistothecia on yeast extract agar with steamed bone meal (Armour) added
in the midline of a petri dish. When strains are inoculated 2 cm distant on each
side from the midline, fruiting bodies become visible grossly after 21/,—5 weeks.
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Fig. 3. Yeast cell of B. dermatitidis. This complex, unicellular organism has a fairly thick cell
wall (CW) averaging 190 mu. The plasma membrane (PM) appears wavy and averages 9 mu
in thickness. The organism is multinucleated (NU), an essential difference from the yeast cell
of H. capsulatum and H. duboisii, both of which have only one nucleus. The nuclei have a
slightly irregular outline and measure 1.1 X 1.7 g. Numerous mitochondria (Mi), vesicles and
tubules of the endoplasmic reticulum (er) and lipid (L) deposits are seen. Nucleoli (Nc) are
present in 2 of the 5 nuclei. x 32,000.
From Epwarps, G.A., EDwarDs, M.R.: Amer. J. Botany, 47, 622 (1960)
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Fig. 4. Culture mount from yeast phase of B. brasiliensis grown for 48 hours on blood agar at

37° C. Yeast cells with thick walls and marked variation in diameter. Single large buds are

seen, multiple small ones and chains of budding cells, that have not separated. The differential

diagnosis with B. dermatitidis is fairly easy in view of the large size of some cells and the
multiple buds. Lactophenol-cotton blue x 1300

Blastomyeces (Paracoceidioides) Brasiliensis (SpLENDORE, 1912)

Almeida, 1930 is in tissue and exudates a round yeast cell varying in size from
1—40 or even 60 u (Fig. 4), often seen with multiple buds. Generally present in
large numbers in the lesions it produces, it has a thick wall quite similar to B.
dermatitidis. The buds are either few in number and large in size or can surround
the mother cell in form of innumerable small “diverticula.” After clearing pus for
20 minutes in 109, potassium hydroxide, very satisfactory preparations for the
study of the cell structure are obtained. It should not be forgotten that obviously
single buds can occur which should not lead to confusion with B. dermatitidis, con-
sidering the greater (average) size of B. brasiliensis, the geographic history, the
presence of organisms with the typical multitude of small spores, some of which are
hardly 1—2 u in size (Fig. 5). On the other hand, mother cells producing but one

Handbuch der pathologischen Anatomie ITI/5 2
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Fig. 5. Budding yeast cell of B. brasiliensis. The multiple buds (CH) are obvious, as are the
multiple nuclei (N). The cytoplasmic membrane (MC), the cell wall (PC), the osmiophilic
vacuoles (VO), central vacuole (VC), and mitochondria (M) are well defined. Note the osmio-
philia of most daughter cells (buds). x 10,000.
Courtesy of Dr. Luts M. CARBONELL, Caracas, Venezuela

or just a few buds can have daughter cells of 10—15 y in diameter. The buds seem
to separate quite easily from the mother cell in some instances, which explains the
presence of very small abortive forms of the organism; on the other hand, it is not
unusual to find short chains of spores if the primary bud starts reproducing before
it becomes separated from the maternal cell.

Culture on Sabouraud’s glucose agar at room temperature gives a slow growing
organism; the primary isolation from infectious material may take several weeks
to develop and is not necessarily positive in every case where organisms are de-
monstrable in the clinical material. This difficulty of growing the organism is
significant, especially in cases of the keloidal form (Lobo’s disease). The mycelial
growth may first be glabrous or waxy, covering itself slowly with a white cottony
aerial mycelium; older cultures may turn tan to brown. Some colonies have a
powdery appearance; the length of the aerial hyphae changes from strain to strain
and even on subculture of the same strain. Mounts from the cultures are indistin-
guishable from the mycelial growth of B. dermatitidis. Septate hyphae, sometimes
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with racquet swellings on the point of septation, bear a few sessile conidia of oval
to round shape, 2—4 u in size, seldom larger.

Transfer into the yeast phase is easily accomplished at 37° C on any media sup-
porting the growth of the organism. Blood agar and Kurung’s egg medium are very
satisfactory for this purpose. The resulting colonies are small, smooth at first,
developing into whitish to tan waxy, soft, sometimes cerebriform colonies. The
culture mount permits immediate differentiation from B. dermatitidis, since it
shows the large yeast cells with multiple buds described under “microscopy of the
infectious clinical material.” Mice, hamsters, and guinea pigs are susceptible to
infective material, but the spread of the lesions is generally restricted and the
development of pathologic changes is slow. Proechimys guayanesis is considered
more susceptible than the standard laboratory animals (BoRELLI).

A culture mount of the yeast phase shows enormous variability in size of the
yeast cells, from 1—60 u. Some of the larger yeast cells which are budding have a
dozen or more very tiny buds connected with the mother cell by thin but elon-
gated bridges. Other yeast cells may have one, two, or more fairly large buds or
chains of buds consisting of three or even more cells clinging together. Germina-
tion of isolated cells can be seen here and there. Whereas the majority of mature
cells are round, the larger buds frequently are elongated or almost fusiform.

Histoplasma Capsulatum (Darrive, 1906)

At room temperature, Histoplasma capsulatum develops from clinical material
as white mold, generally after 10—14 days, seldom after longer intervals. Some
strains stay white and cottony, others acquire slightly brownish pigment, visible
especially in the back. Exceptionally, one sees granular and glabrous colonies. If
the source material is animal tissue (planted on the media), the colony frequently
is outspokenly glabrous or even waxy and covers itself after several weeks with a
fine cotton, generally starting as patches in the periphery of the colony.

Fig. 6. Growth pattern of Histoplasma capsulatum on blood agar: on the right growth of a pure

yeast phase; the appearance is smooth, moist, yeast- to bacteria-like. The left illustrates growth

of an intermediate phase with numerous yeast cells but with many hyphal forms remaining.

The growth is wrinkled, dry, and does not emulsify as readily as the yeast form. Growth after
72 hours on blood-agar

The yeast form of H. capsulatum can be easily induced in most strains on
Kurung’s medium, where after 10 days the strains change to a creamy, soft colony
which, on subculture on blood agar, develops white to creamy colonies. Fast repro-
duction on solid media results if frequent subcultures are made. Optimal smooth-
ness of the colony is obtained if subcultures are made on blood agar every 48 hours
(Fig. 6). Heart-brain infusion agar is quite satisfactory as solid media for recovery
of large amounts for antigen production. Thick agar plates give better growth than
thin layers of agar. Occasionally, strains can be found which remain coarse and

2*
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Fig. 7. “Tuberculate spores” of Histoplasma capsulatum and H. duboisic grown at 20° C on
Sabouraud’s glucose agar. Some projections are needle-like and comparatively long, others give
the surface of the spore a crenated appearance. Round and pyriform spores are visible. Some
strains have more pyriform than round spores, but may lose the pyriform cells on subculture.
Other strains permanently produce a majority of pyriform spores. Cotton-blue mount x 1300

warty for prolonged periods or cannot be changed at all into a smooth yeast phase,
but in the great majority of cases, repeated subculture, strict adherence to the
temperature ceiling, and abundance of medium provide for satisfactory develop-
ment of the yeast form of H. capsulatum. If mounts are made from such growth, a
uniform ovoid yeast cell of 2 to 4 u is found, with large numbers of budding cells.
The bud is connected by a narrow neck with the mother cell, from which it sepa-
rates easily.

Mounts from mycelial colonies reveal segmented hyphae, frequently with
racquet-like swellings at the point of segmentation, with variable amounts but
often numerous microconidia, 2 to 4 u in size and usually spherical in shape. The
majority of these microconidia are smooth but occasionally the surface is somewhat
irregular to spiny. It has been shown that the small spores are representing the
great majority of the total spore count and are decisive for spontaneous infection,
but the larger tuberculate spores are more important for diagnosis (Fig. 7).
After approximately 2 weeks, large (8 to 15 to 20 u) spores are found in the culture
mount, many of which are round, smooth, and seem to have no tendency to form
crenations of the surface. Other colonies develop numerous crenated or tuber-
culate spores from the start. The exact structure of the warty projections repre-
senting strictly formations of the wall without cytoplasmic implications has been
elucidated by electron microscopy and has made obsolete previous speculative
interpretations (Figs. 8, 9). Certain strains have pyriform tuberculate spores more



Fig. 8. Tuberculate spore of H. capsulatum: A newly-formed tubercle (T1) containing fine radial
filaments and an older tubercle (T2) in which the fine filaments are clumped by apposition to
each other. The basal constriction in T2 is evident. The tubercle (T3) has a less advanced basal
constriction. The 2 latter tubercles (T2 and 3) are connected by an appendage (B). The struc-
ture is similar to T3. T4 is a maturing tubercle. — The heavy cell wall (CW) and the large
lipid bubble (L) of the mature spore are obvious. X 44,000.
From Epwarps, M.R., Hazen, E.L., EDwWARDS, G.A.: Canad. J. Microbiol. 6, 65 (1960)

Fig. 9. Maturing tuberculate spore of H. capsulatum. Details of cell wall (CW) and its relation
to the tubercles (T). Mitochondria (Mi), lipid clumps (L), and membrane-contained micro-
droplets (MDL) of lipid material can be seen. X 50,000.

From Epwarps, M.R., Hazex, E.L., EDWARDS, G. A.: Canad. J. Microbiol. 6, 65 (1960)
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Fig. 10. Yeast of H. capsulatum. The cell has been disrupted and the protoplasm has been
removed. The outer layer of the collapsed cell wall is granular; the internal layer shows an
interlacing fibrillar architecture. No capsular material can be identified. x 90,000.
From Risr, E., SALvVIN, S.B.: Exp. Cell Res. 10, 394 (1956)

or less permanently, and in variable number; other strains develop pyriform spores
initially, only to change to round forms with aging of the colony or on subculture.
The tuberculate spore, while not unique for H. capsulatum, is diagnostic for H. cap-
sulatum and H. dubousii in the context of the history and the geographic location,
due to the fact that in tissues, yeastlike cells are or could be found and also that
the mold can be induced ¢n vitro, or changed back ¢n vivo into the unicellular form
(yeast phase) (Fig. 10). However, the experienced worker, from the slow develop-
ment of the cottony colony, from the presence of numerous microconidia, and
from the slow development of large smooth and later on crenated or tuberculate
spores, will conclude that he is dealing with Hustoplasma. If initially, as sometimes
happens, only large, smooth spores are found, extensive search and numerous
mounts may be necessary before a single or a very few tuberculate spores are found.
In intermediate cultures (yeast form cultures changing into mycelial forms), elon-
gated yeast cells may be seen which do not fit any of the classical descriptions.

The difference between H. capsulatum and H. duboisit cannot be established
from the growth at room temperature.

Apparently, the inoculum need not contain many spores in order to give rise
to the development of a colony, but sometimes growth cannot be obtained in spite
of the presence of organisms in the source ; an explanation for such negative results
is extremely difficult and entirely hypothetical.

The apparent ascigerous form of H. capsulatum was named Gymnoascus demon-
breunii by AJELLO and CHENG (1967). Inocula of what were believed to be pure
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cultures of H. capsulatum on soil plates with chicken feathers or horsehair produced
globose cleistothecia of 230—400 x. Thin-walled hyaline asci of 6.6—8.8 u, contain-
ing 8 elliptical golden-tinted ascospores of 2.7 X 3.8 u, developed within 4—6 weeks.
The homothallic nature of the apparent perfect form of H.capsulatum was assumed
by the development of fertile cleistothecia from single ascospores. KwoN-CHUNG
from Hasenclever’s laboratory and BERLINER have demonstrated, that the asci-
gerous cultures obtained by AJELLO and CHENG were coming from a mixed culture
and represent the ascigerous form of Gymnoascus demonbreunii and not of Histo-
plasma capsulatum.

Histoplasma Duboisii (VANBrREUSEGHEM, 1952)

Histoplasma duboisii is a dinstinct species and can be differentiated from H.
capsulatum by its geographic limitation (to Africa), by its large size in tissues and
in the yeast phase in vitro (Fig. 11a, b), by its considerably lesser invasiveness in
laboratory animals, and, to some degree, by biochemical (COREMANS) and immuno-
fluorescent tests (PINE et al., 1964).

The mold growth is in every respect comparable to H. capsulatum except for
the particularly slow growth of many strains of H. duboisit, but this is a relatively,
minor difference and certainly cannot be used for classification purposes. Mounts
from the mold phase are indistinguishable from H. capsulatum, hence the descrip-
tion is not repeated here.

Originally, VANBREUSEGHEM observed low response to H.duboisii in experi-
ments with guinea pigs, hamsters, rabbits and rats, but animal inoculation is of
considerable help in differentiation of the species, since H. duboisii forms unusually
large giant cells in most animals, especially the hamster, and presents with small,
middle-sized, and large yeast cells, with increase in the number of large yeast cells
with time, and with occasional production of Schaumann bodies even in mice.

In contrast, the classical H. capsulatum is mostly invasive and lethal for ham-
sters, mice, and, to lesser degree, for the other animals. It produces almost ex-
clusively small yeast cells which are found especially in histiocytes; giant cells, if
at all present, are not prominent. In mice, Schaumann bodies are never produced;
in hamsters, they are formed in both species.

The demonstration by TascHDJIIAN of anastomosis between hyphae of H. cap-
sulatum and H. duboisii underlines the close (and obvious) relationship but does
not prove genetic identity.

The yeast cells of H. dubotsti show in vitro considerable variation, both from
strain to strain and from day to day, with considerable influence upon cell size by
frequency of subculturing, choice of media, etc. PINE et al. (1964) believed this
variation to be more prominent in strains of H. duboisti than in H. capsulatum. The
cells of H. duboisii are oval and thick-walled. Thin-walled large, round cells, often
without protoplasm, occur in old cultures both in the classical H. capsulatum and
in H. duboisit and can be artificially induced on tissue explants (SCHWARZ) from
either. PINE et al. interpreted such cells as spheroplasts and found them occasion-
ally in high numbers. Particularly confusing are the transitional forms seen when
yeasts revert to mycelial growth or, on the contrary, at a time when the yeast
phase is being induced but the hyphae have not yet completely converted into
yeast. The buds of the typical duboisii cell have a broad base and originate on one
pole of the mother cell.

PinE et al. (1964) concluded that the “capsulatum forms” seen in early in vitro
or in vivo studies are transitional forms, and that later “‘duboisii forms™ become
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(< DPM

Mi

Fig. 11. H. duboisii. The bud has a high electron density and its mitochondria are large with
parallel cristae. Note the double plasma membrane (DPM) formed in the splitting zone (arrow)
of the neck of the bud. Nucleus (Nu), mitochondria (Mi), and cell wall (CW) are recogniz-
able. x 35,000.
From Epwarps, M.R., Hazex, E.L., EDwArDS, G.A.: J. Gen. Microbiol. 20, 495 (1959)

the exclusive cells, even if some are formed that reach only the size ordinarily asso-
ciated with “capsulatum forms.”

A recent review by AJeLLO (1968) would relegate H.duboisii to a variety of
H. capsulatwm, rather than accepting it as distinct species. This is at present cer-
tainly a minority opinion.

Sporotrichum Schenckii (Hekroen and PErRkINS), MaTRUCHOT (1910)

On primary isolation of Sporotrichum schenckii from clinical material, creamy,
waxy colonies with slightly fuzzy spreading borders can be seen as early as 48—72
hours after inoculation of Sabouraud’s glucose agar, especially if the original mate-
rial contains large numbers of spores. The colony enlarges, adjacent colonies merge,
keeping a glabrous character and turning darker within a week, to become often
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completely black, occasionally with segmental distribution of the pigment (Fig.
12). Strains without pigment have been observed, and sometimes the intensity of
pigmentation decreases on multiple subcultures. No valid reason appears to exist
for recognizing species other than S. schenckii as the cause of human or animal
sporotrichosis. Complete change to yeast forms often takes several subcultures but
is more easily and more dependably obtained than in any of the other dimorphic
organisms.

Mounts from the myecelial (parasitic) form show a delicate septate hypha with
prompt development of conidiophores and characteristic formation of terminal
daisy-like rosettes, consisting of groups of 6—10 or more conidia. The conidia
separate easily from the conidiophores; hence slide cultures may be necessary to
show the daisies in full beauty. Conidia are sometimes found arising laterally from
the hyphae but the diagnostic feature is certainly the conidiophore with the ter-
minal grouping of conidia.

Fig. 12. Sporotrichum schenckii on Sabouraud’s glucose agar at room temperature with and
without blackish pigment. Both cultures were obtained at the same time from mouse injected
with one single strain

The hyphae are delicate, generally 1—2 u in diameter, and septation is visible
(Fig. 13). Conidiophores generally take their origin from short hyphal segments.
The length of conidiophores varies. Some are very short when they develop conidia;
others are quite long (60—80 x), and may in turn give origin to lateral conidio-
phores. It is sometimes dificult to establish whether these are in reality lateral
branches of hyphae with spore formation at the end of the hyphae, in which case
the lateral conidiophores arise from a hyphal branch rather than from a “primary”’
conidiophore. Isolated conidia are also found either on very short stalks or con-
nected laterally to the hyphae by a very thin sterigma. In slide cultures (Fig. 13),
it is quite common to see the development of parallel hyphae separated only by a
few microns of free space, giving the impression that mechanical support is ob-
tained by this relationship. Occasionally, one sees very young but long conidio-
phores with just 1 or 2 conidia on the tip but, as a rule, the bouquet of spores sur-
rounding the tip of conidiophores is well developed. Most conidia are pyriform,
with the tips pointing toward the sterigma. Variations from pyriform to ovoid to
globose are seen in one and the same culture at any given time. If stained with
aniline dye, a band-like structure crossing the spore transversely can be easily
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demonstrated and is found most commonly in the center of the spore, but occasion-
ally in the rounded end of the spore. This is especially true if the spores are more
oval or globose; this dark-staining spot is then always in the periphery of the spore.
When conidia fall to the surface of rich media, budding has been observed even at
room temperature (Emmons). Conidiophores are seldom segmented except for one
transverse septum which is generally found close to its hyphal origin.

Triangular conidia have been described in the South African epidemic by
BROWN et al.; the authors mention the spores as biconvex, since they appear pear-
shaped when seen from the side. This is easily seen in fresh culture mounts, where
the spores still move and turn about. The length of the triangular spores is some-
times more than 5 y. The oridinary conidia, usually seen as variations of oblong
structures, measure about 2—4 .

Fig. 13. Delicate hyphae of Sporotrichum schenckii. Conidiophores with daisy-like bouquets of
pyriform conidia. Some conidia arise on short stalks laterally from the hyphae. Slide culture
at room temperature after 5 days. Methylene blue stain X 1300

After intraperitoneal injection of the mycelial or yeast phase in mice (EMMONS),
rats (SIMSON et al.), and hamsters (SCHWARzZ), testicular lesions regularly develop.
Twelve to 15 days after injection of spore suspensions into rats, NoRDEN observed
swelling of cigar bodies, which became round (ring forms). In liver and spleen,
these round formations acquired a double outline (cryptococcal forms). Radially
arranged acidophilic projections appeared around the organism (asteroid bodies).
NorDEN considers the cigar bodies direct descendants of microconidia.

In mice, ulcerative lesions on the tail, feet, and scrotum developed after intra-
peritoneal injection after 3—5 months. Asteroid bodies in humans were first
described by TaricE in 1935. The number and the presence of asteroid bodies vary
from strain to strain. In the South African epidemic, asteroid bodies were con-
sistently present in human lesions (SIMsoN et al., LURIE). HOwWARD observed in
slide cultures secondary conidia (1 or 2), apparently formed on top of the first row
of conidia, arising on extremely delicate sterigmata.

Cigar bodies predominate in mice after intraperitoneal injection in the first
2—3 weeks; ring forms appear after 4—5 weeks (Fig. 14). When many organisms
are found in peritoneal granulation tissues, cigar bodies prevail ; when few organisms
are detected, ring forms are relatively more common. Three distinct ring forms are
seen: 1) round bodies staining homogenously with PAS; 2) round cells with homo-
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Fig. 14. The cigar bodies and ring forms of S. schenckii, rarely seen in man outside Africa, are
plentiful in experimental animals after a great variety of routes of inoculation. Scrotal fat
tissue after intraperitoneal inoculation. Grocott x 900

geneous central mass (“‘cryptococcal forms”’) and 3) thin-walled round cells with-
out demonstrable staining cytoplasm (OKUDAIRA et al.). The same authors found
organisms commonly intracellular — in the liver in the Kupffer cells and in peri-
portal histiocytes — in the spleen in the follicular reticulum (but no in the sinusoidal
endothelial cells); hyphal elements in tissues were not completely exceptional in
our experiments. If and when organisms are demonstrable in human disease, cigar
bodies predominate in widely disseminated cases, whereas the presence of asteroid
bodies is interpreted as an immunoreaction in slowly progressing or self-limited
infections (LURIE).

Cryptococcus Neoformans (SaxreLIcE), VuiLLEMIN (1901)

Cryptococcus neoformans is a round to slightly ovoid yeast organism which
varies from 4 to 20 4 in size and which is surrounded by a mucopolysaccharide
capsule, the width of which shows variations similar to the diameter of the
cell proper (Fig. 15). The smallest diameters of the yeast cell are, in part,
due to the frequently abortive separation of small buds from the mother cell;
the width of the capsule differs with various strains and nutritional availabil-
ity. Ordinarily, Cryptococcus nmeoformans can be identified easily in India ink
preparations where the colloidal silver particles are prevented from penetrating
the capsular material, giving a large, white contrast. In the center of the white
hole, the yeast cell proper is recognized ; it is important to find budding yeast cells,
to eliminate any doubt about the nature of the organism. In spinal fluid, white
cells, less frequently red cells, may be surrounded by an irregular and hazy halo,
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Fig. 15. Cryptococcus neoformans can be neatly visualized in polarized light. This method is
used with advantage for different fungi but has never found widespread use. x 200.
Photograph courtesy Dr. A. FINGERLAND, Hradec Kralové, Czechoslovakia

which frequently leads to confusion of such cells with C. neoformans. Therefore, the
microscopist should try to identify lipid bubbles characteristic of the yeast cell, or
budding, which is even more conclusive, whereas obviously in polymorphonuclear
leukocytes or lymphocytes the nuclei can be recognized by proper use of the dia-
phragm and lowering of the condensor, even before staining with Giemsa’s or
similar methods.

On culture, the organism grows with considerable variability in reference to the
velocity of development. Sometimes colonies can be recognized overnight. In other
cases, it takes several days before colonies are seen. The colonies at first are very
similar to bacterial or Candida colonies. They are white to creamy but they remain
round for a much longer time than Candida colonies. According to the amount of
capsular material, the colony looks waxy and almost dry on the one hand, whereas
on the other end — the extreme capsular development, a honey-like, “runny”
colony develops, with the accumulation of a large amount of mucoid-appearing
material in the bottom of the flask or tube. Mounts from culture growths some-
times show disappointingly few capsulated organisms, but it has been our experi-
ence that even one or two well encapsulated organisms are admissible as positive
evidence of the cryptococcal character of the organism under scrutiny. The culture
can be speedily identified as belonging to the genus Cryptococcus by the positive
urease test (SEELIGER); the inhibition by actidione also favors definition of the
cryptococcal nature of the organism. Growth at 37° C will be, for all practical pur-
poses, conclusive for C. neoformans. Assimilation tests (auxanograms) proving that
potassium nitrate and lactose are not assimilated are conclusive for identification.

After intracerebral injection into young white mice, the organisms produces
meningoencephalitis, which may be lethal in a few days to several weeks. Intra-
peritoneal or intravenous injection into mice also can produce general dissemina-
tion.
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It has been our experience that inhibition by actidione, growth at 37° C,
positive urease test, and lack of assimilation of lactose and potassium nitrate are
sufficient for all practical purposes and, for clinical diagnosis, more conclusive than
animal inoculation in view of the long duration of asymptomatic infection and in
view of the fact that sometimes of as many as 8 animals, only 1 or 2 will develop
conclusive and lethal meningoencephalitis or septicemia (Kao and ScEWARz).

Emmons has mentioned the occasional presence of pseudohyphae in tissues and
Suaapomy and Utz have recently published the description of a strain which seems
regularly to produce such pseudohyphae ¢n vitro. However, compared with Candida,
where the development of hyphal structures is customary, the development of
hyphae in Cryptococcus can be described as totally exceptional. The identification
with fluorescent antibody stain is quite satisfactory in C. neoformans.

Most of the usual laboratory animals are susceptible to cryptococcosis, parti-
cularly mice, hamsters, and rats, whereas dogs, rabbits, and monkeys are less
susceptible. Recently, infection of pigeons has been accomplished by intracerebral
(LirrMAN) and intraocular routes (SETHI and ScHWARzZ). Similar to the behavior
in man, either violent reaction, tubercle formation, or simple ““‘colony formation”
is found in pigeons, where innumerable organisms are seen compressing and dis-
placing normal tissue without inflammatory response on the part of the invaded or-
ganism. In tissues, the specific affinity of C. neoformans to the mucicarmine stain
gives a welcome ‘‘specific’” staining reaction which is extremely helpful if only a
few organisms are present. However, it should be pointed out that even in typical
culturally proven cryptococcosis, only a few cells may sometimes stain with the
mucicarmine procedure; yet, on other occasions, the intensity of stain in all cells
will be surprising. In tissues, C. neoformans can be demonstrated with other fungus
stains and may be confused with Blastomyces dermatitidis, Histoplasma duboisii
and Candida albicans, from all of which it can be easily differentiated by a positive
mucicarmine stain.

Budding in cryptococcus is always through a narrow pore and generally one,
seldom more, buds can be seen per mother cell. Great disparity in size can exist
between maternal and daughter cells.

Candida Albicans (Rosix), Berguour (1923)

Candida albicans is a yeast-like, egg-shaped organism which ordinarily measures
from 2 to 4 u but can reach extreme sizes of 8 X 14 y. The organism is easily
identified in exudates or tissues, in the former by suspension in 109, potassium
hydroxide, in the latter on hemotoxylin-eosin stain or with any of the numerous
available fungus stains; probably the most impressive for Candida is the Gridley
procedure. In material from membranes, urine, or pus, the Gram stain is very useful,
since the egg-shaped yeast cell and the heavy pseudomycelia are clearly visible.

Whether in Candida pseudohyphae are exclusively formed or whether true
hyphae with septation occur is controversial, despite a large volume of information
in the literature. Pseudohyphae, which are considered to be stretched out yeast
cells, develop constrictions which give origin to budding yeast cells and secondary
pseudohyphal formation (Fig. 16).

Both fermentation and assimilation tests are useful in recognizing Candida
albicans, revealing both lack of fermentation of and inability to assimilate lactose
and sucrose. However, the assimilation test is preferable, since interference of con-
taminants is more easily recognized and prevented. To differentiate Candida from
the genus Cryptococcus, the (negative) urease test for Candida is most helpful.
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Fig. 16. Candida albicans: Budding yeast cells and pseudohyphae in smear from blood clot
within intravenous catheter. Gram X 700

The organism grows on simple media, available in every bacteriology laboratory,
producing overnight white to creamy colonies, which enlarge and end with irre-
gular borders with clearly recognizable finger-like projections after several weeks
of observation. Mounts from C. albicans kept overnight at room temperature show
exclusively yeast cells with buds, exceptionally with short chains of yeast cells
where the bud has failed to separate from the mother cell.

Identification of C. albicans is easily accomplished by inoculation of human
serum or plasma; within 1 to 4 hours, germination occurs which is specific
for C. albicans (Table 2). Likewise, cultures on cornmeal agar give, after a few
days, the typical round chlamydospores which frequently arise from a ‘“hyphal”
growth, from which it is suspended by short segments of elongated yeast cells. The
organism is pathogenic for most rodents; after intravenous injection in mice and
rabbits, and intracardiac injection in guinea pigs or hamsters, hematogenous disse-
mination occurs, with renal and cerebral abscesses heading the list of complica-
tions. Myocarditis and involvement of other organs is likewise observed.

Due to the variation in size of C. albicans, it can be confused in smears and
tissues with several other organisms, but the simultaneous presence of yeast
cells and hyphae appears to be most pathognomonic for recognition of the organ-
ism. Remarks can be found in the literature that morphologic differences between
C. albicans and other Candida species are sufficient to make a tentative identifica-
tion. We feel that this is hazardous and unrealistic and that only proper cultures
with sugar assimilation are a reasonable base for identification of the species
(Table 2). The organism is selectively susceptible to nystatin and amphotericin B
and seems not to be inhibited by actidione, whereas other candida species are.

The concept that only C. albicans is pathogenic cannot be maintained, even
though it seems to be the most frequently identified in pathologic conditions. How-
ever, with no other fungus is interpretation of positive culture results more difficult
than with Candida. In view of its common occurrence in the oral cavity and upper
respiratory tract of healthy persons, its cultural recovery from sputum cannot be
interpreted as indicative of pulmonary moniliasis. The only way to establish with
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Table 2. Rapid identification of candida*

Species Results in Results in 24 hours
4 hours
A
Serum + yoast Carbohydrate  © . Nitrogen
tation = +) Media: Media: °
Cornmeal** Sabouraud + Z 2 o
(chlamy- actidione 2 2 o " S g ©
dospores = +)  (growth = + 3 g § S 3 B *é
inhibition = 0) % g E § a ué E
C. albicans + + + + 4+ 0 + 4+ 0 0
C. stellatoidea + 0 -+ ++ 0 0 + O 0
C. tropicalis 0 0 0 + 4+ 0 + 4+ 0 0
C. pseudotropicalis 0 0 + + 0 + 4+ + + 0
C. guillermondii 0 0 + ++ 0 + + + 0
C. krusei 0 0 0 + 0 0 0 0 O 0
C. parakruset 0 0 0 + 4+ 0 + 4+ 0 0
C. zeylanoides 0 0 + + 0 0 0 0 O 0
C. pulcherrima 0 0 0 + 4+ 0 + 4+ 0 0
0 0 0 + + 0 + + + +

C. pelliculosa

* Adapted from E. DrovaET: Candidoses.
** Sometimes only after 48—72 hours.

certainty the presence of pulmonary candidiasis is by open thoracic biopsy or, in
lieu of this, by needle biopsy of the lung through the chest cage. The repetitious
discovery of Candida or its recovery by bronchoscopy do not, in our opinion, con-
tribute to clarification, since the former is only repetition of an obvious error and
the latter puts the organism potentially straight into the instrument during its in-
troduction through the oral cavity.

Fluorescent antibody staining seems to be quite specific for identification of
C. albicans and its differentiation from other species, but the difficulty of obtaining
specific and well-absorbed antiserum must be recognized (GoRDON et al.).

Coccidioides Immitis (Rixrorp and GiLcHRIST, 1896)

This organism is seen as sporangium (spherule) measuring from 10 to 80, rarely
up to 240 u, in tissues and exudate from patients (Fig. 17). Initially, the spherule
is a round, unicellular structure, with subsequent septation occurring within the
cytoplasm and leaving round, thin-walled endospores as a final result. The number
of endospores varies from a few to hundreds, their size being in reverse relation to
their number. On maturation the spherule ruptures, releasing the endospores into
tissues or exudates, where repetition of the cycle of development continues, until
immunologic or therapeutic balances interrupt the process. The endosporulating
spherule (sporangium) is pathognomonic for coccidioidomycosis; in view of its
size, spherules can be easily recognized with and without staining procedures.
Occasionally, hyphae and arthrospores are seen in pulmonary cavities and granu-
lomas (PuckeTT). Isolation of C. immaitis from clinical material is quite feasible on
Sabouraud’s dextrose agar, where, after a few days to a week, a grayish membra-
nous colony develops, which is covered rapidly by aerial mycelium, often appearing
first in the center of the colony, surrounded by a zone of lesser growth of aerial
mycelium, with subsequent rings of cottony growth. The light gray color becomes
darker with time and yellow, tan, and brownish in some strains. It should be
stressed that both pigment and development of aerial mycelium vary a great deal
and, as in other mycoses, a large number of strains must be studied to acquire the
“feel” for acceptance as “‘typical”” within the extremes of natural variation.
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Fig. 17. Coccidioidis immitis with asteroid projections surrounding spherule in lung tissue.
H and E x 900

Arthrospores introduced into the animal body become round spherules. In
turn, spherules observed in culture develop germ tubes from one or several endo-
spores (Figs. 18, 19). A few strains can be induced to produce spherules in vitro.

Germ tubes develop from endospores within or outside the spherules within a
few hours; these can be seen in a most chamber or in a slide culture. Germination
from arthrospores takes place also on subculture of the hyphal growth.

In serum or plasma, some strains develop ‘‘culture spherules” temporarily or
constantly when incubated at 37° C and slowly rotated in a roller apparatus
(SCHLUMBERGER). Numerous methods using complex media or various gas tensions
result likewise in spherule formation ¢n vitro, but only certain strains behave in
this fashion. The culture spherules are generally only about 10 y in size and are
often arranged in chains.

Hyphae have been induced to grow in animal tissue in air pouches in rats
(WRiGHT et al.). In view of the extreme danger of pulmonary infection for labora-
tory workers because of the great volatility of the arthrospores, cultures should
neither be kept, nor opened, in nonspecialized laboratories.

In general, the injection of clinical material into the guinea pig testis is the
safest and fastest form of diagnosis, since spherules can be found in the testis within
3 days by needle aspiration or biopsy. The injection of culture material into guinea
pigs may also be necessary for final identification. Mounts from the aerial myce-
lium reveal septate hyphae with numerous racquet swellings at the point of septa-
tion. Chains of rectangular arthrospores develop within a week or two, each
arthrospore separated from its neighbor by a clear space — “‘empty cells” —
marking the shell of cell-wall material. The interspace seems to be particularly
fragile, and arthrospores become airborn with great ease and regularity. The arthro-
spores become either separated as single cells or in short chains; change to barrel
or elliptic shape is the rule when, and even before, arthrospores lose the hyphal
connection.
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Fig. 18. Culture spherule of C. immitis in the cleavage stage. The cytoplasmic membrane shows
invaginations (CP) representing the initial step of cleavage wall material. Little structural
detail is defined in the future septa. Mitochondria (M) and multiple nuclei (N), some with
nucleoli (nu), are seen. x 11,500.
From BRESLAU et al.: J. Biophys. and Biochem. Cytology 9, 627 (1961)

Fig. 19. Culture spherule of C. immatis. The cleavage is accomplished with septa clearly sur-

rounding the individual endospores, just before rounding up of the newly formed elements. The

cell wall (CW) has a lamellar structure and there is some osmiophilic substance in the septa.
X 8600. From BRESLAU et al.: J. Biophys. and Biochem. Cytology 9, 627 (1961)

Handbuch der pathologischen Anatomie III/5 3
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Table 3. Gross and microscopic appearances of fungi producing chromoblastomycosis

1 2 3 4 5

Gross colony

elevated dark dark greenish scanty brownish black moist flat, green-

gray fur-like gray elevated; aerial hyphae shiny on sub- brown-gray
colony. Short short aerial on brittle olive  culture (or late)  short hyphae
aerial hyphae hyphae colony aerial hyphae

Hormodendrum type

predominant rare to excep- rare short chains long branching
short chains tional chains of spores

Acrotheca type
variable rare — rare none

Compactum type

— predominant — —
Phialophora type
rare predominant small 3 on rare none
cornmeal agar
Conidia
elliptical- elliptical cask-shaped to  — —
elongated 1.5—3%x2.5—4u subspherical
3—6x1.5—3 u 1.5—2%2—3 u
Budding yeast cells

— — in young cul- —
tures oval to
spherical cells

Dematiaceous Fungi

1. Phialophora pedrosoi (BRUMPT, 1922) EMMONS (1944)

2. Phialophora verrucosa MEDLAR (1915)

3. Phialophora compactum (CARRION, 1935) EMMons (1944) *
4. Phialophora dermatitidis (Kaxo, 1937) EMMONS comb. nov.
5. Cladosporium carionii TREJ0OS (1954).

The foregoing are the most commonly accepted species responsible for the
disease chromoblastomycosis. Many authors prefer the generic names ‘““Hormo-
dendrum”’ or “‘Fonsecaea’ instead of Phialophora, but little in the way of a positive
contribution could be made by spreading the arguments on these pages. The varia-
tions acceptable within one species can be considerable, extending to the presence
or absence of specific sporulation. The hyphae of the fungi are dark brown in cul-
ture mounts, with sharp, almost black septa.

The brown bodies recognizable in the skin lesions are known as “‘sclerotic cells”
and are round or sometimes almost polyhedric. Septa are often seen and the cells
seem to break open like the shell of an oyster (Fig. 20). The diameter of the sclero-
tic cells is about 10 y in tissues and about 30 u in exudates. Most frequently, small
groups of the cells are seen (2 to 4 cells) in or outside of giant cells. Asteroid bodies
surrounding the sclerotic cells have been described (LAvALLE). Culture on Sabou-
raud’s glucose agar reveals extremely slow-growing blackish colonies after 10 days
or even later. Most species have elevated, “furry” colonies. Three types of sporula-
tion are found in this group of fungi, with considerable variation in the frequency

* This group of fungi is seemingly as confusing for the specialist as it is for the “‘general”
medical mycologist, even to the point where the wrong ending P. compactum instead of the
correct compacta is accepted.



TFig. 20. Sclerotic spores in chromoblastomycosis. Notice equatorial split. H and E X 900

Fig. 21. The fungi producing chromoblastomycosis have a variety of sporulations. The different
forms occur singly or in combination (see Table 3). Schematic drawings of the different types
of sporulation: A. (left upper corner) Hormodendrum type of sporulation; conidiophore with
terminal, short, branching chains of conidia. — B. (right upper corner) Cladosporium type of
sporulation ; long, branching chains of conidia, developing on lateral or terminal conidiophores.
C. (left lower corner) Phialophora type of sporulation; mature phialide with globose accumula-
tion of smooth spores formed within the basal part of the flask-shaped conidiophore. — D.
(right lower corner) Acrotheca type of sporulation; somewhat swollen terminal conidiophore
with conidia produced on all sides of its surface. Short chains of spores are sometimes formed

3*
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or predominance of one particular sporulation per culture. Much of the argument
and confusion about the dematiaceous fungi actually emanates from the fact that
patient observers, after long search in multiple culture mounts, will find types of
sporulation that are easily overlooked on superficial examination.

The Hormodendrum type — found in pathogenic and saprophytic members of
the genus — is an acrogenous catenate sporulation (Fig. 21A). (Conidiophores bear
branching chains of conidia.) The inidividual spore is separated from its neighbor
by black, sharply accentuated disjunctors.

The acrothecal type is an acropleurogenous sporulation (Fig. 21D). Conidio-
phores are both terminal and lateral on the hyphae.) From the swollen conidio-
phores, conidia arise on short tubercles, covering laterally part or the entire surface
of the conidiophore.

The Phialophora type is a semiendogenous form of spore formation. Few to
many flaskshaped conidiophores form laterally or terminally on both aerial and
vegetative hyphae and produce spores from a peripheral cup by a process of bud-
ding (Fig. 21C). The spores are held together by a water-soluble adhesive.

In addition, in P. compactum, conidia surround the terminal or lateral conidio-
phore in solid masses formed by conidial chains of variable length. The conidia are
subspherical, in contrast to the oblong-shaped conidia of the acrotheca type.
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Introduction

Fine structural research is adding a new dimension to mycology in animal anp
plant pathology. Ultrastructural investigation of human pathogenic fungi and
their mycoses was neglected until the last decade when studies on the Dermato-
phytes and the fungi which cause the systemic mycoses began to appear. The main
attention has been focussed on the organism and not on its cellular reaction in the
tissues. In addition, isolation of the cell wall of human pathogenic fungi has been
accomplished only incidentally as part of biochemical and immunological studies.

The same organelles that have been described in human pathogenic fungi are
found in nonpathogens. However, some structures characterize species, as in the
cell envelope of Cryptococcus neoformans.

Most human pathogenic fungi and most fungal contaminants in cultures, be-
long to the order of the Moniliales of the Fungi Imperfecti.

Actinomyces, Nocardia and Streptomyces which belong to the Actinomycetes
have long been considered a transitional group in the phylogenetic scale, and inter-
mediate between bacteria and fungi (MACLENNAN, 1961). They are included in this
review.

The action of drugs on fungi, especially on the Dermatophytes, has been studied
with the electron microscope. However, attention has been focussed on the action
of drugs on organisms in culture rather than on the parasites infecting the host.
The study of the fine structure of fungi has been essencially descriptive, and little
attention has been paid to the function of the structures described. Interpretations
of the morphological findings have been numerous, but clear experimental explana-
tions of these findings have been few. Only studies of this kind will elicit further
knowledge of some of the pathogenic characteristics of these fungi.

Methods

The techniques used in the investigation of human pathogenic fungi are similar to those
employed in ultrastructural studies. The culture media used for growing microorganisms are
the same as those used in other mycologic studies. Embedding in agar after fixation (Car-
BONELL, 1967) has been widely used by some authors to consolidate the material. Fixation can
be achieved with the following: in osmium tetroxide with suitable buffer (BLank, 1960;
EDWARDS et al., 1959 ; EDWARDS and EDWARDS, 1960 ; EDWARDS, 1966 ; EDWARDS et al., 1967;
FurTADO et al., 1967a, b; GALE, 1963; GALE and McLA1N, 1964; O’HerN and HENRY, 1950;
TSURKAHARA et al., 1964; WERNER et al., 1966), in potassium permanganate (ADAMS et al.,
1963; Ito et al., 1967; LADEN and ERICKSON, 1958; MONTES et al., 1965; TSUKAHARA et al.,
1964 ; WERNER et al., 1967) and in osmium and potassium permanganate (MOORE and MCALEAR,
1961a, b, 1962, 1963). Glutaraldehyde (SABATINI et al., 1963) has been recently introduced as a
prefixative before the use of osmium tetroxide, or permanganate (EDWARDS et al., 1967;
CARBONELL, 1967). The prevalence of permanganate fixation is due to the clear cut figures of
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Fig. 1. Shadowed isolated cell wall of a hyphae of Blastomyces dermatitidis. The inner layer
(IL) is fibrillar, while the outer layer (OL) is less fibrillar and has a bark-like appearance.
X 20,000

mitochondria, endoplasmic reticulum and nuclear membranes, but it obscures details in the
interior of the nuclei and destroys the ribosomes. Since all human pathogenic fungi have a cell
wall, penetration of the fixatives, especially osmium tetroxide, is difficult, and this results in
poor preservation of the fungi. Their preservation and contrast are better when glutaraldehyde
is used as a prefixative. Intracytoplasmic membrane systems are also clearly observed when
this method is employed. Fixation with lithium permanganate is better than with potassium
permanganate when studying the fine structure of Candida albicans (MizuNo and MONTES,
1966; MoNTES et al., 1965). A detergent (alkane sulfonate) was used together with osmium
tetroxide and/or permanganate in the study of Microsporum gypseum and Epidermophyton
floccosum (WERNER et al., 1964; WERNER et al., 1967).

Methacrilate is widely used as an embedding material (BLANK, 1960; EDWARDS et al., 1959 ;
Epwarps and EpwarDs, 1960; LADEN and ErIicksoN, 1958; O’HerN and HENRY, 1950), but
better results are obtained with Epon (EDWARDS and EDWARDS, 1960; MEINHOF, 1967a, b, c),
Araldita (M1zu~xo and MoNTES, 1966 ; MONTES et al., 1965) and Maraglas (CARBONELL, 1967).

Staining with either uranyl acetate or different preparations of lead (REYNOLD, 1963;
Watson, 1958a, b) are used to enhance contrast. The simultaneous use of uranyl and lead give
very contrasty preparations (CARBONELL, 1967; FURTADO et al., 1967a, b).

Shadowed preparations are used to study the inner and outer layers of the cell wall of some
pathogenic fungi (CARBONELL, 1967; RiBI et al., 1955; RiBr and SaLvIiN, 1956) (Fig. 1). The
freezing-etching technique has been employed to study the organelles in Saccharomyces
cerevisiae (MOORE and MUHLETHALER, 1963) and recently in Paracoccidioides brasiliensis (GIL,
personal communication) (Fig. 2).

Cell Wall

The fungal cell can be divided into two types, the yeast cell and the filamentous
fungus. Pathogenic fungi have either one, or both of these forms, and their organel-
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Fig. 2. Freezing-etching of a yeast of Paracoccidioides brasiliensis. With this technique a frac-

ture of the material is made at low temperature, and later, etching and shadowing of the frac-

tured surface. Two nuclei (N) with nuclear pores (arrow) are observed. M, mitochondria.
CW, cell wall. x 22,500. (Courtesy of Mr. F. GiL)

les are the same as those found in non-pathogenic fungi. However, there are some
details worth mentioning because they may be of value for the elucidation of the
physiological features of these fungi.

Outer Wall. Since the first studies on the fine structure of fungi were published,
there has been much discussion of the outer cell wall which gives the fungus its
form and rigidity. Most of these controversies arise from the different materials
employed, the techniques used for prefixation, fixation and embedding, and from
the sectioning angles and the age of the cells under observation. The cell walls of
human pathogenic fungi differ slightly in the yeast form from those of the mycelial
form. There is a general agreement that in the latter phase the cell wall is composed
of an outer, thin, electron-dense layer and an inner, broad, electron-lucid layer
(BLANEK, 1960; Ito et al., 1967; MEINHOF, 1967a, b, c; TSUKAHARA et al., 1964;
WERNER et al., 1966 ; WERNER et al., 1967). In the yeast the cell wall is somewhat
thicker, and in P. brasiliensis and Blastomyces dermatitidis different layers are
observed depending on the sectioning angle (CARBONELL, 1967) i.e. homogenous
electron density throughout the cell wall, outer thin electron-dense layer with inner
broad electron light layer and lamellated cell walls. The thickness of the cell wall
varies from one fungus to the other. It ranges from 50—100 my in C. albicans
(ADpAMmS et al., 1963) to 60—300 my in the hyphae of Trichophyton violacewm (ITo
et al., 1967).

In C. neoformans (EDWARDS et al., 1967 ; TsukaHARA, 1963) the cell wall proper
is included with the plasma membrane and the capsule in the so-called cell en-
velope. The capsule is the outermost structure of the cell envelope and it is com-
posed of densely packed microfibrils (30—40 A in diameter) which, apparently, are
long and coiled. It seems that there is a relationship between the age of the cell and
the capsular material; cells with the least capsular material display better pre-
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Fig. 3. Cell envelope of Cryptococcus neoformans. Observe the capsule (ca) and the cell wall
(cw). A halo is seen between these structures. In the granular cytoplasm (cy), mitochondria (m)
and storage granules (g) are present. Osmium in Sorensen’s buffer. x 60,000
(From EpwarDs et al., 1967)

servation of intracytoplasmic structures (Fig. 3). The interpretation of the difference
in structure of the cell wall must be made cautiously. It might be that these changes
correspond to gross variations in the composition of the cell wall, or to minor
physical or chemical changes of a particular wall component.

Shadowing techniques are used to study the outer and inner surface of isolated
cell walls, and the outer surface of whole cells. In Histoplasma capsulatum both the
outer and inner layers are fibrillar (RIBI et al., 1955). Isolated cell walls of the
mycelia of P. brasiliensis and B. dermatitidis show a bark-like or slightly fibrillar
outer layer, while the inner layer displays a delicate network of fibrils.

These techniques failed to show a capsule or thin layer in whole cells of H. cap-
sulatum (RIBI and SaLviN, 1956). However, when applied to C. neoformans a
distinct capsule was observed.

Biochemistry and Ultrastructure. Houwink and KrEGER (1953) studied the cell
wall of several different nonpathogenic fungi by combining the use of the electron
microscope and X-ray diffraction, as well as by treating the cells chemically with
alkali and acids. With the electron microscope, they differentiated and identified
chitin as granules or fibrils, and hidro-glucan fibrils. X-ray diffraction and diluted
mineral acids indicated that a major portion of the cell wall of H. capsulatum is
composed of chitin (R1BI et al., 1955). Using X-ray diffraction, BLANK (1954) found
that the skeleton of the mycelial and yeast phase of B. dermatitidis, P. brasiliensis,
H. capsulatum, Sporotrichum schenckii as well as of several dermatophytes (BLANK,
1953) consist of chitin. Using a combination of digestion with chitinase, X-ray
diffraction and the electron microscope on isolated cell walls of the yeast phase of
P. brasiliensis and B. dermatitidis, chitin was identified as fibrils 80 A in diameter.
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Fig. 4. Microsporum gypseum. Longitudinal section of a hypha. The cell wall displays an outer
electron dense layer and an inner broad and electron clear layer. L, lipid inclusions. X 18,720
(From WERNER, H.J., et al., 1966b)

The remnants obtained after digestion with chitinase have a fibrilar appearance
and biochemically are identified as glucan. The importance of the immunologic
properties of the cell wall of pathogenic fungi makes it advisable to perform more
studies on the macromolecular structure of cell walls and their morphological
counterpart.

Peeling of the Outer Cell Wall. The loose fragments or fibrils that peel off of the
external surface of the outer cell wall of fungi have been largely overlooked. Be-
cause these fibrils have immunologic properties and because the cell wall is the
first structure of fungi to come in contact with the host, it is advisable to investi-
gate this subject in greater depth.

In the yeast phase of P. brasiliensis, the cell wall peels off in distinct fibrils,
whereas, in B. dermatitidis, it does so in bundles of fibrils, making it difficult to
identify them (CARBONELL, 1967). In the mycelial phase of both fungi, the peeling
process is also fibrillar, but very moderate compared with the yeast phase. The
outer coating described in 7. violaceum (ITO et al., 1967) and the material that
sticks to the outer surface of the cell wall of M. gypseum (WERNER et al., 1967) may
be a special type of peeling of these fungi (Fig. 4). In some fungal cells, clear fibrils are
identified, in others, there is an amorphous material, i.e. in Microsporum canis
(WERNER et al., 1966) in C. albicans (GALE, 1963) and in other fungi. These fibrils
and the amorphous material may be a kind of peeling process of these cells.
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Fig. 5. Cytochemical demonstration of polysaccharides of the cell wall of Paracoccidioides
brasiliensis. Silver granules are deposited in the fibrillar network of the cell wall. Glutaraldehyde
and hexa-methylen-tetramine reaction. X 15,000

Ultrastructural Cytochemistry. The modification of Gomori’s silver methenamine
staining (GrRocoTT, 1955) is widely used for the identification of fungi in tissues and
in cultures. Since metallic silver, which is produced in the reaction, causes the
electron beam to become opaque, this reaction has been modified for use with the
electron microscope (RAMBOURG, 1967). The deposit of metallic silver is supposed
to be specific, in a wide sense, for polysaccharides. This technique applied to the
yeast phase of P. brasiliensis and B. dermatitidis shows a clear positivity of the
peeling fibers and of the outer layer of the cell wall of P.brasiliensis (Fig.5) and of the
amorphous material which sticks to the outer wall of B. dermatitidis. The produc-
tion of osmium black as a terminal product to demonstrate polysaccharides (SELIG-
MAN et al., 1965) with the electron microscope is very poor in P. brasiliensis and
B. dermatitidis while in the cell wall of Saccharomyces cerevisiae a very strong reac-
tion is observed. The interpretation of these results depends on the different types
of polysaccharides in the cell wall (chitin, f-glucan, ete.).

Formation and Ultrastructure of Septa. It is evident that several types of septa
exist in fungi. The range includes complete septa, those with perforations, and
partial septa that are little more than thickening of lateral walls (BRACKER, 1967).
The septa described in human pathogenic fungi are simple plates with a central
pore. These types of septa have been described in Ascomycetes and in Fungi Im-
perfecti with ascomycetous affinities (ITo et al., 1967 ; LADEN and ERIcKsON, 1958;
O’HErN and HENRY, 1956; TarriN and BLANK, 1961 ; TSUKAHARA et al., 1964;
WERNER et al., 1966). Geotrichum candidum presents plasmodesmata or septal
micropores, but the septa are otherwise complete (HasaiMOTO et al., 1964; Kirx
and SINCLAIR, 1966; WILSENACH, 1965b) (Fig. 6).
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Fig. 6. Septum in Blastomyces dermatitidis: The septum (S) is formed by the less electron dense
layer of the outer cell wall. A septal plug (SP) and a septal body (Woronin’s bodies) are seen.
R, ribosomes. PM, plasma membrane. Glutaraldehyde-osmium fixation. x 102,000

The septum may be considered a sort of deep invagination of the innermost
layer of the cell wall (TsUkAHARA et al., 1964). In C. immitis (O’HERN and HENRY,
1956) formation of the septum appears to begin with the division of the cytoplasm
by the invagination of the plasma membrane, then the membrane splits and newly
formed cell wall material lies between the two resulting membranes. At the site
of the septum implantation, there is an increase in the diameter of the hyphae
caused by bulging of the cell wall at this point. The developing septal wall is at all
stages surrounded by the invaginated plasma membrane even when the septum
reaches maturity. In 7. violaceum (ITo et al., 1967) the septum’s thickness dimi-
nishes towards the septal pore where the cytoplasm of adjoining segments of a
hypha flow together. In the fungi under study no organelles have been seen passing
through the septal pore as was observed in Rhizoctonia solani (BRACKER and
BUTLER, 1964). In P. brasiliensis and B. dermatitidis, the septum appears to be
continuous and one or two layers are visualized when the sectioning angle is not
made at the level of the pore, but they are never as clearly outlined as in other non-
pathogenic fungi (BRACKER and BUTLER, 1964). Epidermophyton floccosum (LADEN
and ERICKsoN, 1958) exhibits a broad electron dense line running through the
center of the septum.

Woronin bodies or septal bodies are round and/or elongated, granular, electron-
dense structures which are found lying near the septum, or closing the pore. In this
latter case they are called septal plugs. They have been found in all hyphae of
human pathogenic fungi. Blurring of the plasma membrane is observed at the site
in which the septal plug comes in contact with the pore. Septal plugs have been
found in degenerated hyphae, in hyphae undergoing degeneration, or in hyphae
which have been damaged (REICHLE and ALEXANDER, 1965).
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TFig. 7. Intracytoplasmic membrane system in Blastomyces dermatitidis. Observe the invagina-

tion and continuity of the plasma membrane (arrow) with a structure formed by successive

invaginations of the same. CW, cell wall. R, ribosomes. Glutaraldehyde-osmium fixation.
X 110,000

The Cell Contents

Plasma Membrane. The cell membrane proper (plasma membrane) has a higher
electron density than the cell wall (Apams et al., 1963) and depending on the sec-
tioning angle it appears either as an electron dense layer closely attached to the
cell wall on one side and on the other to the cytoplasm, or as a clear three layered
structure. Two of these layers which are electron dense and measure about 30 A
each are separated by an electron-lucid layer measuring approximately 30 A
(EpwARDS et al., 1959; EDWARDS and EDWARDS, 1960; EDWARDS et al., 1967). In
the mycelial phase of P. brasiliensis and B. dermatitidis granules with light cores
and dark rims are found attached to the outer surface of the two electron dense
layers. The plasma membrane is convoluted and undulating, with invaginations.
In C. albicans (GALE, 1963) the depth of the invaginations measures up to 150 my.
MonTEs et al. (1965) demonstrated these invaginations particularly well in mate-
rial fixed with lithium permanganate. In these small invaginations, blurring of the
plasma membrane is observed at the site in which cell wall material adheres to the
plasma membrane. It is also observed at the tip of the hypha. It seems that this
blurring of the plasma membrane is related to an increase in metabolic activity.
Continuity of the plasma membrane with the nuclear envelope, endoplasmic reti-
culum and mitochondria has been reported in several fungi (ApaMS et al., 1963;
Epwarps and Epwarbps, 1960; O’HErN and HENRY, 1956).

MoorEe and McALEAR (1961) demonstrated continuity of the nuclear envelope
with the plasma membrane using serial sections of a Deuteromycete.
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Fig. 8. Intracytoplasmic membrane system and septum formation in Blastomyces dermatitidis.

Observe the forming septum (S) with ICMS attached to the tip of the same. Serial sections of

this material were obtained in order to be sure of the relationship between the ICMS and the
septum. CW, cell wall. Glutaraldehyde-osmium fixation. x 30,000

In H. capsulatum and H. duboisii, the plasma membrane exhibits considerable
vesiculation which is indicative of pinocytotic activities (EDWARDS et al., 1959).

Intracytoplasmic Membrane System (ICMS). The ICMS comprises the loma-
somes (MoORE and McALEAR, 1961) and the mesosome-like structures described
in C. neoformans (EDWARDS et al., 1967; Hasaimoro, 1966), P. brasiliensis and
B. dermatitidis (CARBONELL, 1967).

The term lomasomes was introduced by MoorE and McALEAR (1961) to de-
scribe the “spongy-like structures contiguous with the cell wall and whose interior
limits are defined by variously sharp, dark lines of the plasma membrane.*“ These
structures were found between the plasma membrane and the cell wall and were
named on the basis of their location at the cell peripheries. Lomasomes have been
described in a number of pathogenic (IKEDA, 1964; IwaTA and IraTA, 1963) and
nonpathogenic fungi (MooRE and MCALEAR, 1961 ; WiLsENACH and KESSEL, 1965).
The invaginations of the plasma membrane are interpreted as the beginning of the
ICMS. Serial sections show that this membranous system undergoes additional
invaginations which form multivesicular or lamellar structures that are interpreted
as tubular infoldings of the plasma membrane seen in different sectioning angles
(Fig. 7). The term mesosome is applied in bacteria to a membranous structure that
originates as an invagination of the plasma membrane which subsequently expands
into the cytoplasm (IMAEDA and OGura, 1963; ErLar et al., 1967). The main
features of mesosomes are their vesicular structures and their role in cell division
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Fig. 9. Microsporum audouini. Longitudinal view of a hypha. Observe the cell wall and the
multiple nuclei (n). The cell wall (w) has two clear distinct layers. Membranes identified as
endoplasmic reticulum (er) are observed in the cytoplasm. (Courtesy of Dr. H.J. WERNER)

and septum formation. A clear relationship between septum formation and the
ICMS has been observed in serial sections of pathogenic fungi (Fig. 8). The role of lo-
masomes has been much discussed. Evidence of their participation in wall formation
(WiLsENACH and KESSEL, 1965), secretion (MooRE and McALEAR, 1961), and
glycogen synthesis (HasHIMOTO, 1966) is mostly circumstantial. BRACKER (1967)
questioned the reality of lomasomes on the basis that they had not been identified
in living cells, nor had they been demonstrated in cells prepared other than by
chemical fixation. Many experimental studies like isolation, genesis and the, condi-
tions that favor their formation, must be done in order to clarify their significance.
The same can be said for the mesosome-like structures observed in pathogenic
fungi.

Nucleus. The general morphology of the nucleus in fungi is not different from
that described in higher animals (Fig. 9). Some of the fungi under study are multinu-
cleated, such as the yeast and myecelial forms of P. brasiliensis and B. dermatitidis
(CARBONELL, 1967; EDWARDS and EDWARDS, 1960) and the mycelia of C. immatis
(BRESLAU et al., 1961). Others are uninucleated such as C. neoformans (EDWARDS
etal.,1967), C. albicans (Fig.10) (ApaMS et al., 1963), T'. rubrum (BLANK et al., 1960),
H. capsulatum and H. duboisii (EDWarDS et al., 1959), T violaceum (ITo et al., 1967).
The nucleoplasm is enveloped by the nuclear membrane which is composed of
two electron dense layers, separated by a less electron dense layer 10 my thick. In
H. capsulatum and H. duboisiv a perinuclear cisterna of approximately 28 my in
diameter is described, contiguous with the endoplasmic reticulum. The nuclear
membranes have pores about 700 A wide (MoNTES et al., 1965) which show very
clearly with permanganate fixation. In the yeast form of B. dermatitidis the nuclear
membranes are contiguous from one nucleus to the other as happens with the peri-
nuclear cisterna (EpwaRDs and EpwaRDs, 1959). The matrix of the nucleus is
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Fig. 10. Cultures of Candida albicans. Mitochondria (M) in close proximity to the plasma mem-

brane (PM). Observe the nuclear pore (NP). The endoplasmic reticulum (ER) at one point

(arrow) is continuous with the nuclear membrane (NM). CW, cell wall. V, cytoplasmic vacuole.
(From Mizuw~o, N., and Mox~TEs, L.F., 1966)

finely granular and the nucleoli are identified by their increased density relative to
the nuclear matrix and by their usually coarse granularity. The nucleoli can be
single or multiple. The above description refers to the nucleus at the interphase.
Chromosomes have not been observed in human pathogenic fungi.

Other Cytoplasmic Components. The term endoplasmic reticulum is generally
used to describe the endoplasmic membranous system in fungal cells (HAWKER,
1965). This endoplasmic reticulum is scanty and usually appears as a single double-
stranded membrane with or without ribosomes attached to them. It must not be
mistaken with the ICMS which has no relation with ribosomes and until now has
not shown continuity of the nuclear membranes, or mitochondria. In addition,
permangantate fixation clearly evidences the membranes of the endoplasmic reti-
culum while the ICMS is poorly seen. Scanty, smooth and rough surfaced endo-
plasmic reticulum are observed in all human pathogenic fungi. In some of these
fungi (EpwaRrDs and EDWARDS, 1960; EDWARDS et al., 1967) ribosomes are identi-
fied as electron dense particles of 140—170 A in diameter scattered throghout
the cytoplasm. Because ribosomes disappear with permanganate fixation, their
identification has been poor due to the fact that this fixative has been employed
in most of the studies of human pathogenic fungi.
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Fig. 11. Culture of Candida albicans. These cells show numerous mitochondria (M) and one or
several vacuoles (V) located close to the nuclei (N). Fixed in 159, LiMnO,. X 9,100
(From Moxntes, L.F., et al., 1965)

Mitochondria similar to the ones described in higher plants and animals are
found in all fungi (THYAGARAJAN et al., 1961). The number of cristae seems to be
lower in fungi than in plants and animals. In the hyphae of some dimorphic patho-
genic fungi, mitochondria are elongated and their long axes are parallel to the main
axis of the hypha. In C. neoformans, they are oval or ring-shaped (EDWARDS et al.,
1967). In M. gypsewm (MEINHOF, 1967), tubular and lamellated structures are ob-
served in the mitochondria. There is a possibility that tubular mitochondria may
be converted into cristated mitochondria. In the mycelial and yeast phase of P.
brasiliensis, electron-dense bodies and membrane-like structures are also observed
in mitochondria (CARBONELL and Porraxk, 1963). In C. neoformans, mitochondria
may enclose particles similar to ribosomes (EDWARDS et al., 1967). The origin of
mitochondria has been much discussed; in B. dermatitidis they seem to be related
to the endoplasmic reticulum (Epwarps and Epwarbs, 1960).

Glycogen is the primary storage polysaccharide in fungi (KANETSUNA and
CARBONELL, 1965, 1966). Its identification in thin sections of pathogenic fungi
depends upon the age, type of culture and preservation of the fungi during the
embedding process. For instance, neither EDWARDS et al. (1967) nor TSUKAHARA
(1963) were able to find glycogen in C. neoformans, but Hasuimoro and YosHIDA
(1966) and other authors (CARBONELL and Porrax, 1963; CARBONELL, 1967;
WERNER et al., 1967) have found this polysaccharide in other fungi. Glycogen has
a tendency to cluster in rosette-like structures instead of spreading throughout the
cytoplasm. It is abundant in young yeast and hypha, but not at the tip. Glycogen
is also found, sometimes abundantly, in hyphae in which organelles are not re-
cognized and in the dead hyphae of intra-hyphal hyphae.

Lipid inclusions are considered as reservoirs of energy-rich material and poten-
tial sources of carbon compounds (Fawcer, 1966). Lipid droplets have been de-
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scribed in several pathogenic fungi (Apams et al., 1963; BLANK et al., 1960;
TSURAHARA, 1964; WERNER et al., 1966). A well fixed lipid droplet is not sur-
rounded by a membranous structure, but when the fixative does not penetrate
completely, a dark cortical zone that resembles, superficially, a membrane, is ob-
served. Lipid inclusions are seen in mature yeasts and hyphae (CARBONELL and
PoLLaK, 1962; CARBONELL, 1967). In C. neoformans (EDWARDS et al., 1967) lipidic
vacuoles are similar to poly-f-hidroxibutirate bodies of bacteria.

Large and small vacuoles with irregular contours are observed in mature fungi
(Fig. 11). Some of these vacuoles are filled with electron-dense particles while others
are empty. Frequently, the ICMS invaginates into a vacuole, or a vacuole invaginates
into another vacuole giving the appearance of a double membrane.

In C. albicans MoNTES et al. (1965) demonstrated with the electron microscope,
electron-dense bodies of approximately the same size of mitochondria. They were
identified as lisosomes since when observed with the light microscope they were
found to be granules and acid phosphatase-positive.

The Golgi apparatus has not been truly identified in human pathogenic fungi.
Although the cytoplasmic ground substance seems to be granular, caution must
be exercized in this interpretation since these granules may be artifacts caused by
fixatives.

Developmental Studies

Bud Formation in Yeast. Bud formation in yeast forms of pathogenic fungi has
been studied in H. capsulatum, H. duboisii (EDWARDS et al., 1959), P. brasiliensis
(Fig.12) and B. dermatitidis (CARBONELL, 1967) and only mentioned in C. neoformans
(EpwaRrDs et al., 1967) and C. albicans (Apawms et al., 1963). The earliest indication
of the budding process seems to be a thickening of the cell wall around a small
nipple-like invagination of the cytoplasm. In P. brasiliensis all the layers of the
cell wall increase their optical density at the site where the budding begins; at the
same time the cytoplasm starts to bulge takes on a convex appearance. The bulging
of the cytoplasm occurs when the hydrogen is transferred by the enzyme protein
disulfide reductase to the S—S-linkage in the polysaccharide-protein complex of
the yeast of the cell wall (NIcKERSON and FALCONE, 1956). At the site of the bulg-
ing of the cytoplasm, extreme vesiculation, accumulation of mitochondria and
blurring of the plasma membrane are observed. When a thumb-like process is
formed, only cytoplasm with few ribosomes is observed. In P. brasiliensis, the bud
is attached to the mother cell by a narrow neck which shows increase of the optical
density of the cell wall. In H. capsulatum the neck is also narrow compared with
that of B. dermatitidis, which is broad, allowing free communication between the
two cells. Mitochondria, ribosomes, glycogen and nuclei are observed passing
through the neck. A clear division of the nucleus between the daughter and mother
cell has not been reported in pathogenic fungi. In P. brasiliensis and B. dermatitidis,
several nuclei can be seen in the mother and daughter cell. The nuclei diminish in
number with the age of the cell until few or none are observed. One nucleus is al-
ways seen in the mother and daughter cell of the uninuclear yeast pathogenic fungi.
The cleavage starts with a furrow in the cytoplasmic membrane which is later
occupied by an annular centripetal growth of the inner layer. At this moment, in-
creased amounts of ICMS are seen on both sides of the infolded cell wall. The bud
scar has been extensively studied in Schizosaccharomyces pombe (STREIBLOVA and
BERrAU, 1963; STREIBLOVA et al., 1966) and in other non-pathogenic fungi (AgAr
and Dovucras, 1955; BARTHOLOMEW and MITTWER, 1953). In B. dermatitidis, the
bud scar is recognized only at the end of the division exhibiting a flat surface. In
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Fig. 12. Beginning of the budding process in Paracoccidioides brasiliensis. An increased optical

density of the middle layer of the cell wall is observed (1b). The outer layer has a fibrillar

structure (1c) and tends to disappear during the budding process. Fig. 1f shows ribosomes in
the daughter cell. (From CarBoNELL, L. M., 1967)

P. brasiliensis it takes on a truncated cone form, caused by a bulging cytoplasm,
covered at the sides by the optically dense cell wall. In shadowed isolated cell walls,
the bud scar appears as a circular raised rim made up of fibrils arranged in a swirl.

4*
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Fig. 13. Culture of Coccidioides immitis. Section through the sporangial wall (CW) and two
adjacent endospores. Each endospore has its own cell membrane and relatively thin wall (EW).
Note the lamellation of the outer sporangial wall. X 16,800. (From BresLavu, A.M., 1961)

It seems that shortly after the division is accomplished the bud scar disappears
since it is not found in the old cells.

Most of the fungal hyphal growth takes place by apical extension (ARONSON,
1965). The cell wall increases its thickness and its optical density at the tip of the
hyphae at which time blurring of the plasma membrane, increased ICMS, accumu-
lation of mitochondria and ribosomes are always observed. Glycogen is only occa-
sionally identified. All these structural details point to an increased metabolic
activity at the tip of the hypha. Further structural, metabolic and experimental
studies are necessary to clarify the mechanisms involved in hyphal growth.

Ultrastructure of Dimorphism. The term ‘“‘dimorphism” has been applied to
certain pathogenic fungi which have two distinct morphological forms: a parasitic
form that exists in tissues of a host, and a saprophytic form that occurs in nature
or in ordinary media at room temperature (WILsoN and PLUNKETT, 1965).

Ultrastructure of the changes from mycelium to spherules and later to endo-
spore formation has been described in the dimorphic fungus C. ¢mmatis (BRESLAU
etal., 1961 ; Errokson and BresLAU, 1960; O’HErN and HENRY, 1956) (Fig. 13). The
mycelium begins to transform into spherules when the hyphal cell rounds up. The
individual spherule’s wall develops beneath the hyphal wall. The spherules become
independent before cleavage begins. They have a cell wall thickness of 200 to
600 my. They have multiple nuclei and the organelles described above. Formation
of endospores starts with cleavage furrows originating in the cell wall. The septum
formation has the same characteristics as those described above except that no
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Fig. 14. Transformation of mycelium to yeast in Paracoccidioides brasiliensis: Observe the

swelling of the apical portion of the hypha. The electron dense layer of the cell wall (CW) of the

hyphae disappears when the new cell wall of the yeast (CWY) is formed. Dead hyphae (H)
are seen. Glutaraldehyde-osmium fixation. x 20,000

granules (Woronin bodies) comparable to those associated with septum formation
have been seen in cleaving spherules. The separation of the endospores occurs be-
tween two layers of the cell wall prior to the release of spores.

The transformation of mycelium and yeast of P. brasiliensis in cultures and
experimental inoculations has been investigated by means of the light microscope
(CARBONELL and RoDRIGUEZ, 1965; MALFATI and ZaPaTA, 1954). In the trans-
formation from yeast to mycelium in P. brasiliensis and B. dermatitidis a germ
tube is formed which shows a cell wall characteristic of hyphae. This tube elon-
gates at the tip. Later, septa appear inside the hypha with all the characteristics
already mentioned.

The transformation of mycelium to yeast phase in P. brasiliensis (Fig. 14) starts
by rounding up of the space between two septa. The cell wall thickens and at the end
of the transformation the cell wall has the same characteristics as in the yeast.
Later, these yeasts have buds.

Intra-Hyphal Hyphae. Cultures of P. brasiliensis and B. dermatitidis grown in
liquid media always show dead hyphae with the penetration and subsequent
growth of live hyphae within them. These structures which are also called intra-
hyphal mycelium, endohyphae (Lowry and SussMaN, 1966) and self-parasitism
(DopgE, 1920) have been observed in Basidiomycetes and Ascomycetes (DoDGE,
1920) (Fig. 15).

The live hyphae found inside the dead hyphae are indistinguishable from the
hyphae that are outside. The space between the live hypha and the cell wall of the
dead hypha is filled with mitochondrial ghosts, remnants of ICMS and glycogen,
but never nuclei and seldom ribosomes. SUSSMAN et al. (1965) suggested that intra-
hyphal hyphae are probably induced by wounds or intoxications with subsequent
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Fig. 15. Intra-hyphal hyphae in Blastomyces dermatitidis. Observe the live hyphae (LH) sur-
rounded by the cell wall. The dead hypha (DH) does not show organelles that may be re-
cognizable. G, glycogen. N, nucleus. Glutaraldehyde-osmium fixation. x 30,000

death of the hyphae, accompanied by blockage of the septal pore. The mechanism
by which the live hyphae is attracted towards the dead one or vice versa remains
obscure.

Action of Drugs on Fine Structure of Pathogenic Fungi

Biochemical studies of the action of drugs on fungi have been extensive. How-
ever, the ultrastructural changes in pathogenic fungi are few. The following altera-
tions were observed in 7. rubrum (BLANK et al., 1960) and in 7. mentagrophytes
var. asteroides (TomomaTsU, 1960) while under the action of griseofulvin: the tip
of the hypha becomes swollen and rounded, the hyphal cell may be completely
filled with large lipid granules, the electron dense outer layer of the cell wall be-
comes granular, the organelles are no longer recognizable, but there is persistence
of the plasma membrane.

GALE (1963) used benzalkonium chloride, amphotericin B and filipin on cul-
tures of C. albicans. The benzalkonium-treated cells showed a less dense cytoplasm.
Nuclei, mitochondria and intracytoplasmic membranes could not be demonstrated.
With amphotericin B and filipin there is reduction of the cytoplasmic density but
no action on nuclei or mitochondria. The decrease in density of the cell is appar-
ently due to loss of material through the cytoplasmic membrane which has lost
its selective permeability.
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Fig. 16. Candida albicans under the action of thiobenzoate. Exposure after 3 hours. Canaliculi

radiate from the nucleus to the periphery of the cell. Cytoplasm has partially retracted while

the cytoplasmic membrane appears to remain associated with the cell wall. M, mitochondrion.
CW, cell wall. CM, cytoplasmic membrane. (From GALE, G.R., and McLa1x, H.H., 1964)

The effect of thiobenzoate has been studied on C. albicans (Fig. 16) (GALE and
McLa1N, 1964) by observing lessened electron density of the nucleus, formation of
canaliculi that radiate from the nucleus to the periphery of the cell, and greater
electron density of the cytoplasm.

Apamsetal. (1963) and Warret al. (1962) studied the effect of sodium caprylate
on C. albicans. Budding was inhibited with 2.5x10-3M of sodium caprylate.
There were changes in the size and number of mitochondria, and these lacked
lamellar structure and presented abnormal cristae.

In order that these studies be fruitful, biochemical observations must be made
simultaneously.

Action of Ultrasound on Pathogenic Fungi

RE1ss and LEONARD (1958) studied the fine structure of 7. mentagrophytes under
the action of ultrasonic irradiation. In comparison with the non-irradiated fungi, the
changes consisted mainly of a mechanical damage caused by the microwaves.
Besides breakage of myecelia, swelling and bursting of microconidia and damaged
cell walls, cavity formation was a common feature.

Fine Structure of Mycoses

The information available on the ultrastructure of pathogenic fungi infecting
tissue is scanty. More attention is placed on the parasite itself and less to the reac-
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Fig. 17. Splenic macrophage parasitized by three cells of Histoplasma capsulatum. The macro-
phage show mitochondria (M,), pallid granules, and a considerable ergatoplasm. The fungus
cell at lower right has a large granular nucleus (NU), dense mitochondria, endoplasmic reti-
culum, and a plasma membrane (PM,). The upper fungus cell shows a cell wall (CW) distinct
from the surrounding tissue debris comprising the zonal ring. A small portion of the third
fungus cell may be seen at upper left. Osmium fixation. X 24,600
(From Epwarbps, G.E., et al., 1959)

tion of the host to the parasite. EDwARDS et al. (1959) studied the spleens of mice
infected with H. capsulatum and H.duboisii (Fig. 17). She found that the fungal cell
has all the structural details observed in cultures. Histoplasma organismsare localized
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Fig. 18. Histoplasma capsulatum in calcified human pulmonary nodule. Observe the abundant

electron dense material, identified as calcium (C). Two fungal cells (H) are seen. Both cells

show some debris and cytoplasmic organelles which can not be identified. Osmium fixation.
X 40,000

in large mononuclear cells (reticuloendothelial cells) and vary in number from one
to five. A characteristic feature is a zonal ring between the cell wall of the fungus
and the cytoplasm of the host cell. In this space and with high magnification, frag-
ments of the cytoplasm of the host cell are found. In P. brasiliensis and Paracocci-
dioides loboi (FURTADO et al., 1967a, b) the same space is found. The reacting edge
in H. capsulatum is essentially microrugose suggesting that the host cells react in
rhythmic fashion to a toxin segregated also rhythmically by the fungus. Near the
vicinity of the parasite, dense homogeneous bodies are observed and identified as
modified mitochondria. Lipid accumulation, granular cytoplasm and calcifications
in the host cells are also found. CARBONELL and ANcuLo (1961) studied one coin
lesion produced by H. capsulatum and found mostly calcified parasites (Fig. 18).
However, in a few of them mitochondrial ghosts, plasma membranes and structures
resembling nuclei were observed. Outside the parasite, electron dense granules were
found; they were identified as calcium.

Furrapoetal. (1967a, b)studied P.brasiliensisand P. loboi (Figs. 19,20)in human
skin lesions. In P. brasiliensis the structures found in cultures are the same as the ones
found in tissue. The authors described two types of reproduction in the fungus;
formation of catenular series and the well known multiple sporulation. Blasto-
pores have a high content of RNA-protein. In cells with multiple sporulation a
large central vacuole is seen pushing the cytoplasm and the other components.
P. loboi shows the same structures as P. brasiliensis and an invagination of the old
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Fig. 19. Paracoccidiotdes loboi in human tissue. Upper figure. Complete cell showing the well

preserved wall (CW), vacuoles (V), endoplasmic reticulum (ER), droplets of lipid (L), the

various nuclei (N), and unidentified structures (X). Lower figure. Details of the cell wall (CW)

showing a poorly osmiophilic inner layer and fibrillar (F), strongly osmiophilic outer layer
(From FurTaADO, J.8S., et al., 1967)

fungal cell caused by the cytoplasm of the host cell. In P.brasiliensis(Figs. 21,22, 23),
in addition to this phenomenon, fibrils from the cell wall can be seen free in the
cytoplasm or enclosed in a vacuole. It would be interesting to know the fate of
these fibrils since the cell wall may have antigenic properties.

Actinomyces, Nocardia and Streptomyeces

Although the Actinomyces, Nocardia and Streptomyces pathogenic for man are
not fungi, they are considered as such in this review because they have a mycelium,
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Fig. 20. Paracoccidioides brasiliensis in human tissue. Intracellular blastospore adjacent to

nucleus of the host (NH). A halo of host reaction (H) with abundant peeling of the cell wall

of the fungi (CW). CM, cell membrane. NMH, nuclear membrane of host. MiH, mitochondria

of the host. Mi, mitochondria of the fungi. L, lipid. ColH, collagen of host. R, ribonuclein
particles. (From Furrapo, J.S,, et al., 1967)

produce septa and have tip growth. However, they do not have nuclei or mito-
chondria which are characteristic features of fungi. Other differences are related to
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Fig. 21. Paracoccidioides brasiliensis in human tissue. Multiple sporulation. BCW, blastopore
cell wall. BI, blastopore initial. RH, ribonuclein particle of the host. RRH, rough endoplasmic
reticulum of the host. CV, central vacuole. (From Furrapo, J.S., et al., 1967)

the composition of the cell wall (AVERY and BLANE, 1954), ultrastructure (IMAEDA,
1965) and phage infections (BRADLEY et al., 1961). These organisms are classified
as Actinomycetes to which Mycobacteriacea, Actinomycetacea and Streptomyce-
tacea belong. Glucosamine, alanine, muramic acid and glutamic acid are the main
components of the cell wall of Actinomycetes. In comparison, the cell wall of
fungi has different types of sugars and their amino derivatives. Phage infections
of Streptomyces and Nocardia definitively suggest their bacterial nature.
Nocardia. There are some reports on the ultrastructure of the genus Nocardia
(HAGEDORN, 1959; ARAT et al., 1960) but few that describe Nocardia asteroides
(FarsarcHr and Mc Cruneg, 1967; Kawara and Inoug, 1965) which produces
disease in humans. The cell wall appears as a single electron-dense layer (Kawara
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Fig. 22. Paracoccidioides brasiliensis in testis of guinea-pig. Observed an empty yeast (Y) in
which only an altered cell wall (CW) is identified. Fibrils (F) of the cell wall of the fungi are
identified in the cytoplasm. M, mitochondria. Osmium fixation. X 48,000

Fig. 23. Paracoccidioides brasiliensis in experimental inoculation. The cytoplasm of the host
invading an empty cell of the fungus, Osmium fixation. X 44,000
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Fig. 24. Nocardia asteroides. Late stage of cellular division. The cell to the right is cut obliquely.

Outer low density layer (LL), inner moderately dense layer (DL) adherent to the outer plasma

membrane (PM), the low density layer can be seen at the septum. Note the ribosomes (R) and

nuclear substance (N) in the cytoplasm. Osmium fixation. x 120,000 (Courtesy of Dr. J.A.
SERrANO and T.I. IMAEDA)

and INoUE, 1965) or as a triple layered membrane (FarsaTcHI and Mc CLUNG,
1967). This difference seems to be related to the age of the organism. Negative
staining and shadowing technics reveal on the surface of N. asteroides, fibrillar
structures similar to the ones described in Mycobacteria (SERRANO and IMAEDA,
personal communication). The plasma membrane exhibits two electron dense
layers separated by a less electron-dense layer measuring approximately 30 A each.
In the cytoplasmic matrix, electron-dense granules about 150 A in diameter are
identified as ribosomes. The nuclear area is an electron-transparent area located in
the center of the organism. The bacterial DNA is represented by fibrils measuring
30 A, which are observed in this area. These fibrils are interwoven without any
definite arrangement. Lipid inclusions are also observed.

Division of Nocardia (Figs. 24,25)begins with the formation of septa similarto the
ones described in fungi. In N. asteroides a special kind of branching reproduction is
described. It begins with a lateral bulging of the cell wall, along any part of the
organism, which subsequently develops into a complete filamentous hypha. Meso-
somes have also been observed by several authors (FarsarcHI and Mc CLuwg,
1967; KawaTa and INOUE, 1965; SERRANO and IMAEDA, personal communication;
S1Lva, 1966).

Actinomyces. There are few reports on the fine structure of Actinomycetacea
pathogenic to man (EpwWARDS and GorpoON, 1962; GorpoN and EDWARDS, 1963 ;
OveErMAN and PINE, 1963). OvERMAN and PINE (1963) studied the cytoplasmic
structures of several Actinomyces and found that the cell wall of Actinomyces bovis
is thinner than that of Actinomyces israeliv; thus this criteria was advanced for
differentiating these two species. Another difference observed in fine structural
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Fig. 25. Nocardia asteroides. Early stage of cellular division. Note the connection between the
mesosome (M) and the plasma membrane (PM). Osmium fixation. x 120,000 (Courtesy of
Drs. J. A. SErRRANO and T.1. IMAEDA)

studies is the general morphology: A. bovis shows conically shaped cells with bud-
ding tips and total absence of the cytoplasmic figures which readily separates it
from the rod-like branching form of A. israelic containing cytoplasmic figures. In
addition, A4. bovis contains rhamnose and fructose in the cell wall, whereas A.
tsraelit has only galactose as its major sugar component (MaCLENNAN, 1961).

Dermatophilus congolensis (GorRDON and EDWARDS, 1963) is a holocarpic actino-
mycete which has been found to be transmissible from deer to man (DEAN et al.,
1961). This actinomycete has a peculiar developmental morphology: the motile
spores form septate hyphae. These proceed by means of perpendicular branching,
continued transverse septation, and longitudinal segmentation in two or more
planes. At the end of the process, branched, distally tapering filaments, comprising
a series of coccal packets resembling those of Sarcina, are observed.

A clear cell wall is defined in coccal forms and young filaments. Abundant
intracytoplasmic membranes (onion bodies) connected with the plasma membrane
are observed. Ribosomes are free in the cytoplasm. A nuclear apparatus, like the
one described in bacteria, is observed.

Concluding Remarks

Studies on the ultrastructure of human pathogenic fungi have just begun. The
accumulated data show that pathogens are not different from nonpathogens with
respect to fine structure. The ultrastructure of lesions caused by fungi is still an
unexplored field of research.

Moreover, ultrastructural studies alone have a limited scope; and only the use
of the electron microscope combined with histochemical, immunological and bio-
chemical technics will enlarge our knowledge of these mycoses.
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Histoplasmosis

JAN SCHWARZ, Cincinnati/Ohio, USA

With 35 Figures

Definition

Histoplasmosis is a disease apparently almost world-wide in distribution, with
great variations of incidence in different localities. Histoplasmosis is generally
caused by Histoplasma capsulatum Darling, and rarely (in Africa) by Histoplasma
duboisit Vanbreuseghem.

The portal of entrance in natural disease is the lung, where a primary focus is
formed which commonly becomes arrested and calcified. Probably more than 959,
of all primary infections are benign and self-limited, or even subclinical. The fre-
quency of infection in lower animals, specifically mice, rats, dogs, cattle, and
horses, is similar to that in man (Emmoxs, 1950; FurcoLow and MENGES). The
rare disseminated form of the disease is especially dangerous in infants, causing
hepatosplenomegaly, fever, anemia, leukopenia, and enteric ulcerations. A so-
called “‘epidemic” type occurs after inhalation of heavy concentrations of spores
in such places as silos, abandoned chicken houses, storm cellars, and caves infested
with bats or birds. In man, chronic pulmonary cavitary disease is seen most often
in middle age. “Solitary’’ tumor-like lesions, “histoplasmomas,’”’ occur in all age
groups, but are rare in children. They are most often 2 to 3 cm in size when de-
tected. Other important complications are adrenal caseation, meningoencephalitis,
endocarditis, pericarditis, and a questionable, but possibly common, eye involve-
ment.

History

Histoplasmosis was discovered in 1905 by the young pathologist, DARLING, in Panama.
The discovery, like many before and after, illustrates the fact that an able and intuitive ob-
server at the right time and place can make discoveries of things that should have been obvious
to many before him and to contemporaries. Under the influence of the then recent findings by
LEeISEMAN and DoNOVAN, DARLING mistook the organism for a protozoan. In 1912, pA RocHA-
Lima first ventured the opinion that H. capsulatum was a yeast and not a protozoan organism.
In 1906, STRONG, an American, described organisms he had observed in the Phillipine Islands,
which could have been H. capsulatum, but there is no way to verify this assumption.

The first culture of H. capsulatum was obtained in 1933 by DEMONBREUN at Vanderbilt
University in Nashville, Tennessee. DEMONBREUN had been advised by the clinicians of the
imminent death of a child with histoplasmosis, diagnosed during life from blood smears. He
prepared numerous culture media and did not discard the mold which was growing from the
organs of the child, although it was unexpectedly and completely different from the yeast seen
in the tissues. Thus almost 30 years elapsed between recognition of the dimorphic character
of H. capsulatum and its culture, and one can only guess how many investigators must have,
in these 30 years, cultured the mold form of this organism and discarded it, believing it to be
a contaminant.

Around 1940 it became increasingly apparent that in the United States many children and
adults had intrathoracic calcifications not associated with positive tuberculin skin tests. It was
therefore only a question of time until someone would use antigens other than tuberculin for
skin testing: CHRISTIE and PETERSON, again at Vanderbilt University, were the first to use
histoplasmin in an epidemiologic survey. In 1944, CHRISTIE reported: “It was clear to me
shortly after I came here and learned about histoplasmosis and its similarity to tuberculosis
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and coccidioidomycosis, that the proper lead was to try and find the benign form of the infec-
tion to explain the pulmonary calcification in tuberculin negative people in the area.” PALMER,
Furcorow, and many others in subsequent series confirmed the existence of subclinical cases
of histoplasmosis which reacted positively to the skin test.

Epidemiology

The possibility that the disease is airborn was at first clinically suspected and
expressed after investigators observed epidemic outbreaks occurring after brief
stays of persons in storm cellars (CAIN et al.), chicken coops (ADRIANO et al.), caves
(AJELLO et al., 1962; DEAN); the disease could often be traced to the presence of
H. capsulatum in the soil of areas containing feces from chickens, other birds, and
bats. Lately, successful cultures of H. capsulatum from bat tissues and intestines
have been reported (KLiTE and DIERCKS) but the exact role of birds and bats in
the epidemiology of histoplasmosis is not yet clear. The recent report of TEWARI
and CAMPBELL on the affinity of H. capsulatum to chicken feathers could open new
leads about the significance of chickens at sites of heavy concentration of H. capsu-
latum in the soil. The proven susceptibility of chickens and pigeons to intraocular
and intracerebral inoculation with H. capsulatum (SETHI and ScHWARZ, 1965 and
1966) highlights the potential importance of birds in the epidemiology of the
disease.

The anatomic proof that the lung is the portal of entrance was brought into
focus by STRAUB and ScHWARZ (1960); in persons dying of diseases other than
histoplasmosis in Cincinnati, located in the center of the endemic area, we found
calcified pulmonary lesions, products of infection with H. capsulatum,in 849, of con-
secutive unselected autopsies. The organisms were demonstrated in every instance
by the Gridley or Grocott (STRAUB and ScHWARzZ) procedures, and subsequently
by fluorescent antibody stains (YAMAGUCHI et al.).

Geographic Pathology

Histoplasmosis occurs very commonly in an area comprising the Ohio-Missis-
sippi Valley in the USA, where up to 909, of the population tested react positively
to the histoplasmin skin test. However, outside this “endemic’ area, histoplasmosis
is by no means a rarity (EpwarDs and PAaLMER); focal outbreaks have been seen
in many parts of the world, and endemicity, measured by positive skin tests, of
30—509, is quite common in many parts of Central and South America, Africa,
Indonesia, and other areas (EpwARDS and KL.AER). When more data become avail-
able from Asia, very likely more endemic areas will be identified. Isolated cultures
from soil have been obtained in Italy (Sotciu et al.; MANTOVANI et al.), and in-
tensified research along these lines should reveal new sources of the disease in
Europe and elsewhere (AJELLO, 1967).

H. capsulatum has been repeatedly isolated from the bowel mucosa of several
species of bats (KLITE and DiErcKs). Whether the bat is the animal reservoir or an
accidental carrier of the organism is at present not decided. The bat defecates
60 times or more per diem, and in view of its habit of roosting in caves, trees, and
attics, must constitute a prime source of dissemination of the organism in nature.
Numerous epidemics related to visits in caves are on record (AJELLO, CAMPINS,
GonzaLEz-OcHoa, DEAN, JACKSON, MURRAY et al.), and conceivably epidemics
arising from soil excavation or transport may be also related to bat droppings
rather than to starlings and other birds, which have been incriminated in the past.
The bat is a proven carrier of the organisms; the birds, so far, are not. The connec-
tion with inhalation of spore-containing soil is overwhelmingly convincing from
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numerous outbreaks, and the presence and prolonged survival of H. capsulatum
in soil is beyond any question.

The epidemiology of Histoplasma duboisii is less well established and definite
statements in regard to this organism will have to be left to the future.

The transmission in natural infection in man is therefore from soil to man, and
no proof exists of transmission from man to man or of animal to man or vice versa.
However, in view of the overwhelmingly benign character of the primary infection,
which commonly is asymptomatic, transmission from man to man has not been

Fig. 1. Histoplasma capsulatum in a macrophage. Tissue press with simple Wright stain shows

the organisms excellently ; this is the fastest and best method of diagnosis of superficial erosions,

shallow mucosal ulcers, cut surfaces from organs at autopsy, or in experimental pathology.
Wright stain x 1600

eliminated on exact clinical grounds at least as an occasional possibility, especially
considering the abundance of organisms in the sputum of cavitary cases. Such
patients may eliminate so many organisms that they can be recovered in culture
from every sputum or can even be recognized microscopically in the sputum by a
simple Wright stain (Fig. 1) or by the more sophisticated fluorescent antibody
procedure (CARSKI et al.). We recently recovered H. capsulatum from 10 consecu-
tive sputa of a cavitary case; this is the rule rather than the exception in chronic
pulmonary cavitary disease.

Mycology

Histoplasma capsulatum, first cultured from a patient by DEMONBREUN in
1933, and first isolated from soil by EMMoxs in 1948, is a dimorphic organism, pre-
senting in the animal body and at 37° C as a yeast of 2 to 5 u in size. The yeast
form grows on blood agar or Kurung’s egg medium as a moist white ‘“‘yeast”
colony. Colonies in the yeast form become visible on subculture as soon as 18 hours
after inoculation of media. In contrast, the mycelial form found in nature (outside
the animal body) and in the laboratory at room temperature (24—28° C), appears
as a slow-growing white cottony colony after 2 weeks or more. Mounts after 2
weeks or more reveal septate hyphae, often with racquet-hyphae, numerous small
conidia of about 2 to 3 u, and variable amounts of large spores, smooth or with
tuberculate projections, the latter pathognomonic for the species,
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Fig. 2. Electromicrograph of tuberculate spore (courtesy, M. R. EDWARDS et al.). Tuberculation

is shown to be a warty formation of the cell without a connection with the cytoplasm of the

spore. The large black spot represents lipid; two sharply outlined black dots surrounded by
smaller ones are microdroplets of the same

The circumspect mycologist who has isolated the mold will always insist upon
the induction of the yeast phase in order to clinch the diagnosis. The organisms,
when injected into mice or hamsters (the two most susceptible species of laboratory
animals), will produce progressive disease and death when given intravenously or
intracerebrally and in large numbers. Intraperitoneal or subcutaneous infection
may not always lead to widespread dissemination, especially with a small inoculum.
Sometimes the yeast phase can be induced in vitro only after repeated transfers on
protein-containing media, and the yeast culture (labile form) always has the ten-
dency to revert to the mycelial (stable) form. Intermediate forms can therefore
be seen on culture mounts, containing yeast cells which sometimes form chains of
budding yeast and hyphae. Sabouraud’s glucose agar quite adequately supports
the growth of the organism in the mycelial form.

When organ particles in primary isolates from animal or human sources are
placed on the surface of the agar, waxy colonies frequently are produced at room
temperature. This smooth surface can persist for 2 or more weeks and is only
slowly covered by white cottony mold growth from the periphery of the colony.
Both the change of phase (depending on temperature and media), and the waxy
character on primary culture in the presence of blood or tissue particles is con-
fusing to the neophyte.

The number of large spores, about 10 x in diameter, is only 4%, of the spore
total (Cozap and Furcorow), but in view of their size and shape they are pro-
minent and outshine the inconspicuous small conidia. However, it is the small
conidia which are the true sources of infection, since the size of the large spores pre-
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Fig. 3. Large numbers of H. capsulatum organisms are frequently found in the center of a

primary focus, irrespective of the age of the lesion. Even completely petrified foci preserve

the organisms well. The organism is prevented from disintegration by a chitinous envelope.
Grocott x 1300

vents their entering the lung in most instances (HatcH). Again, only about 229,
of the large spores show tuberculated surfaces (Cozap and FurcorLow), but the
tuberculate macroconidium is a conditio sine qua non for laboratory diagnosis. The
fine structure of the organism in both the yeast and mycelial forms has been studied
by EDWARDS et al. (1959, 1960) in electron photomicrographs (Fig. 2).

Staining of Histoplasma Capsulatum in Tissues

Without the benefit of special stains H. capsulatum will often be overlooked
in tissue sections, particularly in necrotic and calcified materials. Calcific particles,
nuclear fragments and red cells are frequently mistaken for yeast cells in H & E
stain. It is our conviction that search for H. capsulatum in H&E sections is,
especially in necrotic or calcific areas, unproductive of correct results, wasteful
in time and effort, and downright wrong. The stain of choice for the demonstration
of H. capsulatum is the Grocott-Gomori methenamine silver stain (Figs. 3, 4). The
method is technically simple (when clean glassware is used and the temperature
requirements fulfilled), gives excellent contrast, both for search and photography,
and produces a constant image with easily demonstrated constant size and shape
of the organism. Controls from human or experimental animal sources must be
available for every group of stained sections.

In decalcified material we found great improvement of the staining of the yeast cells by
shortening the prescribed 45 min oxidation in chromic acid to 10 min. We recommend as

counter-stain a short dip of the sections into hematoxylin (10 sec), which facilitates orientation
for the examiner with the recognition of the landmarks of histology. The superiority of the
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Fig. 4. Necrotic tissue of histoplasmosis. Search for H. capsulatum in H & E sections of necrotic
tissue is misleading. Calcific particles mimic H. capsulatum. H &E x 500

Grocott procedure is so self-evident that it would seem unnecessary to document this fact. But
almost daily experience teaches that many institutions have started with the PAS stain, never
to abandon it.

Of 122 histoplasmomas in STEELE’s paper, 118 showed organisms with the Grocott, 32 with
the Gridley stain, and only 24 with PAS. Of 84 granulomas submitted as “‘unidentified etiology,”
83 were stained with the Grocott procedure : 53 were positive (H. capsulatum); 70, when stained
with the Gridley stain, gave only 9 positives, and 60 PAS gave 17 positives. The Grocott pro-
cedure gives excellent results according to ScHULZ et al. (1958), GREENDYKE and EMERSON,
STrRAUB and ScHWARZ (1960), and others.

The Gridley stain of the yeast cells is frequently lacking in intensity, varying from deep
lavender to very pale red, which makes difficult the finding of isolated cells. However, good
contrast will be found in some instances, and we have occasionally seen yeast cells with the
Gridley stain when none were recognized in the Grocott. Therefore, in our laboratory — where
staining for fungi is done several times a week — Grocott and Gridley stains are examined in
the search for an etiologic diagnosis in a granuloma. Since elastic, and to a slight degree colla-
gen, fibers take the color of Schiff’s reagent, transverse sections of such fibers are sometimes
mistaken for yeast cells (ScHULzZ et al., 1958).

The lack of contrast and weak staining of yeast cells with PAS stain is very noticeable, and
while the PAS method signified great progress, and was later improved by GRIDLEY, it was
not as satisfactory as Grocott’s method. A comparative paper in 1955 by KADE and KarLaN
discusses the Hotchkiss-McManus, Bauer, and Gridley stains, but does not include the Grocott
stain; it should, however, be consulted for a list of Schiff-reagent positive substances and useful
suggestions of slight modifications in using the 3 procedures.

Fluorochrome stains, while not specific, can lead to recognition of yeast cells in sputum, in
tissues, and in blood smears (HorLLaND and HoLLAND). On the other hand, the fluorescent anti-
body stain, highly specific on theoretic grounds, can be quite disappointing, unless high titer
and absorbed antiserum is available, and unless sets of controls are used. In tissues, fluorescent
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Fig. 5. Penicillium marneffei isolated from a bamboo-rat (SEGRETAIN) has a superficial re-
semblance to, and the same intracellular location as, H. capsulatum. Experimental infection
of mouse 80 days after intraperitoneal injection. H & E x 700

antibody stains are of limited value, especially if formalin, Zenker, and other fixed material
must be used. The reaction in tissues is unpredictable and is at best capricious. This is indeed
not meant as criticism of an outstanding method in principle, but as a confession of often
frustrating impotence when culturally proven cases, with morphologically consistent yeast
forms, do not stain with the fluorescent antibody method. Only two reports on the use of the
fluorescent antibody stain in histologic preparations come to mind (PROCKNOW et al., Yama-
GUCHI et al.). whereas extensive and successful use has been made in sputum and culture
material (CARSKI et al., KAUFMAN and KAPLAN, Ly~NcH and PLEX1CO, REZAT and HABERMAN).

Morphologic Variations of H. capsulatum: Variations in the morphology of
H. capsulatum are not frequent but are important. Ordinarily, the organism is seen
in its yeast form in animal tissues. The usual size is 1 to 5 u with an average of about
3 u, the shape varying from round to oval. However, in necrotic tissue, larger yeast
cells are found (SILVERMAN et al.) and exceptionally short filaments have been seen
in endocarditis (BINFORD) and in meningitis (GERBER et al.), which can be re-
cognized as H. capsulatum only with the help of positive culture and from the pre-
sence of typical yeast cells in addition to the atypical forms.

Unusually large cells of H. capsulatum are differentiated from small yeasts of
Blastomyces dermatitidis in well-fixed material by demonstrating the uninuclear
nature of H. capsulatum as opposed to B. dermatitidis, which exhibits several
nuclei. The organism Leishmania donovani has a rodlike parabasal body (kineto-
plast), best seen on Giemsa or Wright stain, which is absent in H. capsulatum; but
while H. capsulatum stains readily with the PAS and similar procedures, Leish-
mania bodies do not stain. However, in tissues, the differentiation on HE can be
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Fig. 6. H. capsulatum shows irregular huge yeast forms in necrotic lesions, sometimes on heart

valves and in tissue slides left for several days on the surface of agar in the incubator. The

large forms represent spheroplasts of organisms and must be considered moribund nonrepro-
ductive cells. H&E X 650

close to impossible, and confusion has occurred on attempts of morphologic dia-
gnosis (Woo and RE1MANN). Both organisms are indeed selectively found in phago-
cytic cells.

Rare organisms appearing similar to H. capsulatum are Penicillium marneffei
(Fig. 5) (SEGRETAIN) and Paecilomyces viridis (SEGRETAIN et al.).

The differentiation of individual (single) cells of Preumocystis carinii from H.
capsulatum can be quite difficult unless some beanlike or dishlike (Napfform)
bodies are seen within the Pneumocystis. If many organisms are present, the
intra-alveolar location of P. carinii will be decisive in the differentiation from H.
capsulatum, which will be found in confluent caseated lesions or nodular granu-
lomas but hardly ever — and certainly not in large amounts — in the alveolar con-
tent. The similar size and shape of Candida albicans can present a considerable
problem unless the pseudohyphae of Candida suggest the nature of the organism.
Other yeasts (e.g., Hansenula, Saccharomyces) can be quite confusing when found
in leukocytes (Wane and ScHWARz). M. MOORE mentions that small forms of
Blastomyces brasiliensis may possibly be confused with H. capsulatum.

The morphology on silver stain of Coniosporium (Cryptostroma) corticale, the
agent producing maple bark disease, is surprisingly similar to H. capsulatum, but
the unstained spores of Cryptosiroma have a brown to black color (TowEy et al.;
EMANUEL et al.).
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Fig. 7. Experimental histoplasmosis. In many organs of the hamster, crustaceous envelopes,
comparable to the Schaumann bodies of “sarcoid” and other disorders of man are found sur-
rounding yeast cells. H&E X 650

Giant forms of H. capsulatum have been seen in necrotic tissue and old cultures,
but can also be induced at will in tissue particles kept on agar plates in the incuba-
tor at 37° C (Fig. 6). Forms up to 20 u were produced on such explants (SCHWARZ,
1953), which was essentially confirmed by PINE et al. in liquid media. PINE et al.
interpreted the huge, odd-shaped cells as spheroplasts — cells in the terminal phase
of growth, incapable of further development. According to PINE et al., the large
forms, rarely seen in human and animal tissue, and the large forms obtained in
tissue explants (SCHWARZ) can be considered as spheroplasts.

Still other bewildering morphologic images are obtained after injection of cul-
ture material into the golden hamster (Fig. 7). This species (Cricetus auratus) reacts
to the introduction of numerous heterogenous microorganisms, including H. cap-
sulatum, with the formation of concentric structures: Schaumann bodies (OKU-
DAIRA et al.). The mechanism of this extraordinary reaction is unknown; the
chemical composition of the bodies seems to be hydroxyapatite (RAsMUSSEN and
CaurFieELD). FRENKEL interprets the Schaumann bodies in the hamster as an ex-
pression of cellular immunity which results in isolation of the fungus by incrusta-
tion either intra- or extracellularly.

Pathogenesis

Histoplasma capsulatum produces a variety of tissue reactions in the human
body. The overwhelming infection commonly observed in infants, but rarely in
later life, is characterized by almost exclusive and intense proliferation of histiocytes
(each the carrier of several to numerous yeast cells). The number and size of such
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Fig. 8. Histoplasmosis of adrenal gland. Huge macrophages have replaced cortical cells of the
adrenal gland. Fine granularity of their cytoplasm denotes the presence of yeast cells. H & E
X 300

histiocytes often leads to complete obliteration of the normal architecture of organs;
this is especially true in the spleen, bone marrow, lymph nodes, and liver, but is
also seen in the intestinal mucosa, the lung, and in other organs (Fig. 8). Frequently,
the histiocytic foci are so overwhelming that it becomes impossible to determine
whether foci of necrosis are occurring in the ‘“normal tissue” or in the histiocytic
infiltrates. Specialized entities like the Kupffer cells of the liver swell greatly in such
instances and are completely filled with yeast cells. Such widely disseminated
cases — while impressive — are rare and are not at all typical or representative of
the disease histoplasmosis.

In addition to the “cytomycosis” variety, a gamut of lesions can be observed,
from nodular histiocytic formations with few organisms to epithelioid cell (*“‘tuberc-
les” with Langhans giant cells, the latter indistinguishable from tuberculous
lesions or — if not caseated — from sarcoid (Fig. 9). The demonstration of organisms
in epithelioid-cell tubercles without caseation is one of the most tedious of searches,
and perfect special stains (GrRoCOTT, GRIDLEY) are unconditional prerequisites.
When caseation ensues, yeast cells are generally more numerous, but the use of
special stains is again indispensable for recognition of the organisms. The most
misleading conclusions will be made on inspection of H & E sections, since cell
debris, calcium particles, and other fragments can simulate H. capsulatum.
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Fig. 9. Histoplasmic tubercle of lung. Interstitial ‘“tubercular” lesions are indistinguishable
from similar lesions produced by other agents (bacterial, fungal, inorganic). Small scars result
from healing lesions of undisclosed etiology. H & E x 160

The degree of tissue destruction increases with the size of the individual focus
but is seldom complete, for instance, in reference to the elastic tissue in the lung.
Special mention must be made of subendothelial proliferative processes in small
and medium-sized arterial and venous vessels (AGRESS and GRAY; BEAMER et al.;
FiscHER et al.; ScHULZ). Such lesions undoubtedly decrease circulatory volume and
may well contribute to the production of necrotic alterations (Fig. 10). The subin-
timal proliferative lesions are quite frequent and can be seen in most organs. In the
lung and brain (in cases of meningitis) the vascular lesions seem to be most conspi-
cuous but are frequent also in branches of the portal vein (ScHULz). Mononuclear
cells are found in addition to yeast-containing histiocytes. HARTUNG and SALFELDER
described a case of laboratory infection with granulomatous arteritis in the wall
of mediumsized branches of the pulmonary artery.

From the above, it should be quite obvious that histoplasmosis mimics in every
aspect other infectious granulomata of mycobacterial and fungal origin. The absolute
need for demonstration of the organism by culture or special stains cannot be over-
emphasized. PUCKETT was the first to unravel the etiology of solitary pulmonary
granulomas by the use of special stains; STRAUB and ScHWARZ demonstrated with
the Gridley procedure the frequency of the healed primary lesion, and ScHWARZ
et al. the high incidence of splenic and hepatic histoplasmic foci. The search for
organisms in suspected lesions can be very time consuming and — if negative —
most frustrating. When only isolated organisms are found, the diagnosis should be
made with extreme caution. If many typical yeast cells of 2 to 5 u are visible, the
diagnosis is quite simple.
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Fig. 10. Pulmonary vein in disseminated histoplasmosis in a teenager. Dissemination of H.

capsulatum by the bloodstream is morphologically more easily demonstrable than bacterial

septicemia, because of the larger size and better visibility of yeast cells. Macrophages filled

with organisms are seen in the wall and lumen of the vein. Whether the presence of the two

phagocytes in the lumen is artifactual or not, it shows how cells find their way into the lumen.
H&E x 650

Table 1. Influence of staining methods on diagnosis of pulmonary nodules
(Modified from HurcrESON and WALDORF)

Only AF stain AF +PAS+ Gridley AF+Crocott

1946—1948 1954—1957 1958—1959
Tuberculosis . . . . . . . . . .. 6 15 6
Histoplasmosis . . . . . . . . .. 0 0 14
Undiagnosed . . . . . . . . . .. 18 50* 8

* When restained with Grocott, 21 showed Histoplasma capsulatum.
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Fig. 11. Healed primary focus of histoplasmosis. Center shows complete liquefaction necrosis,
the spot where yeast cells abound. The focus, as usual, is surrounded by a thin bony rim, with
an area of bonemarrow. Van Gieson X 27

The Primary Lesion in the Lung

The primary focus in histoplasmosis can be best described as similar to the Ghon-
focus in tuberculosis, but larger, as a rule. ScHULZ (1954) published excellent descrip-
tions and pictures of three active primary complexes (lung focus plus satellite
lymph nodes). The foci in two infants (3 and 4 months of age, respectively) already
showed calcified deposits. The central caseated mass was surrounded by a fibrous
capsule which was in turn infiltrated by mononuclear cells, giant cells, and macro-
phages with organisms. It has been our experience that a small area of pneumonia
develops in response to inhalation of microconidia or fragments of mycelium. In
this focus, central caseation occurs regularly after a few weeks. The change from a
negative skin reaction to histoplasmin to a positive one seems to coincide with this
delay of a few to 6 weeks. The regional lymph nodes enlarge markedly, become
similarly involved, with progression from macrophages through necrosis to scarring
and calcification.

In man, early hematogenous spread is the rule, with seeding especially in the
spleen and liver. The primary complex and the splenic and hepatic foci heal in un-
complicated cases, probably in 99 of 100 infections (STRAUB and ScHwARz, 1962)
(Fig. 11). In a series of 55 unselected necropsies of adults, 47 primary complexes
could be identified as histoplasmic (Fig. 12). None of the patients died of or had
active histoplasmosis. In this series (STRAUB and ScHWARZ, 1960) the primary focus
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was multiple in 4 instances and the largest number of primary foci was 5. The
importance of unbiased examination was evident from an autopsy series of 53 cases
from California: 20 of 39 calcified lesions revealed H. capsulatum and only 6 Cocci-
dioides tmmitis, pointing to the migratory habits of our population. This material

I | | | |
METRIC 1 2 3 4

Fig. 12. Lymph node histoplasmosis. Huge “chalky” type of calcification of a lymph node, of
the primary complex of histoplasmosis

|METRIC 1| 2| 3|
Fig. 13. Large primary semiactive histoplasmic focus with liquefied center, which is yellowish
and ready to sequestrate. The subpleural location and the presence of regional lymph nodes in
the same state of development make this clearly a primary focus, even if the gross appearance
makes differentiation from a histoplasmoma difficult and arbitrary. Such foci acquired in adult-
hood may be indistinguishable from histoplasmomas in surgical specimens, when lymph nodes
are not submitted

collected in the endemic area of coccidioidomycosis highlights also the need for
special (Grocott) staining methods (STRAUB et al.). The primary foci of histoplas-
mosis and tuberculosis are comparable, representing expanding caseous pneu-
monia, leading to encapsulation, frequently with liquefaction (and after healing,
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chalky deposits) in the center of the histoplasmic lesion (Fig. 13). In contrast, the
primary focus of coccidioidomycosis has a capsule as the result of healing of a
granulomatous perifocal infiltrate (STRAUB and ScHW ARz, 1962).

The activity of the capsule of the primary histoplasmic lesion can vary greatly.
Sometimes a few scattered epithelioid cell tubercles with an occasional giant cell
are seen in the external layers of the capsule. More often only connective tissue,
with scarce lymphocytic infiltrates, is seen. The primary focus acquires calcium
salts, often in the form of stippled foci rather than as a solid mass. The center often
is chalky and the periphery develops a narrow osseous ring and a surrounding thin
fibrous capsule. The bone often shows a cavity filled with bone marrow. From the
active lesion, lymphangitic streaks lead in the interstitium toward the pleura.
Later, the interstitium is somewhat thickened, with a few extra strands of collagen.
Large foci often have small satellite nodules in the pleura, each about 1 to 3 mm
in size. Rarely, there are many nodules, which then form small confluent plaques.

The lymph nodes swell early in the formation of the complex, and occasionally
there already is necrosis in the lymph node before it becomes recognizable in the
pneumonitis. More often, however, focus and lymph node go through the different
stages of inflammation in parallel fashion. The caseated foci in the lymph nodes
are generally discrete, leading after healing to the stippled calcification that is a
hallmark of histoplasmosis.

In the caseated lesions of lung and lymph nodes the organisms are numerous,
but demonstrable only with a perfect stain (GRocorT, GRIDLEY). To look for H.
capsulatum in H & E stained caseated or decalcified lesions must be compared with
a search for tubercle bacilli in sections stained also with H & E. Occasionally small
corpuscles can be seen in H & E preparations, but most small particles are calcium
flecks, nuclear debris, and such matter. Most workers consider it both a waste of
time and a sign of inexperience to examine H & E sections of caseated or calcified
foci for Histoplasma.

With the Grocott stain, sharply outlined black rings of round or ovoid shape
are seen, often in clusters. The clusters represent accumulations of yeast cells in
phagocytes; long after the phagocyte has been lysed, the groups of yeast cells
remain together and stainable since no chitinase is available to break down the yeast
cell. In very old calcified lesions, the yeast cells may stain paler (shades of grey),
but short oxidation of about 10 min with chromic acid will often give more intense
staining.

Budding is never very numerous in tissues in the case of H. capsulatum. The
size of the yeast cells is quite uniform in most foci and only seldom, especially in
necrotic lesions, larger yeast cells up to 8 u in size are seen. With the Gridley stain,
a purple-lavender color graces the wall of the yeast cells but fewer organisms are
captured with this procedure, which needs a great degree of technical perfection
to give results comparable to the Grocott methenamine-silver stain. For quick
review, for cases with few organisms, and for good contrast for photomicrography,
the Grocott stain is far superior to any other available method. The counterstain
in the Grocott procedure is of little importance; as mentioned earlier, we dip the
slides for about 10 sec into hematoxylin, which gives added orientation, since
nuclei become stained and a faint tissue background appears, and necrotic foci can
be differentiated from histiocytic infiltrates and other matter.

MASHBURN et al. confirmed, in all but details, the presence of calcified primary
lesions in 111 autopsies (likewise in the endemic area), with 71 lung foci with H.
capsulatum demonstrable in the calcified areas. Even outside the endemic area,
histoplasmic foci can be found, in part at least due to the influx of migratory seg-
ments in a hospital population. BAKER found 12 such cases in Durham, N.C., and
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22 in New Orleans, in 100 autopsies each; STRAUB et al. demonstrated 20 histo-
plasmic foci in 53 autopsies in Los Angeles, California. In Merida, Venezuela,
SALFELDER and Liscano found, in 244 autopsies, 60 healed lesions of histoplas-
mosis, a proportion corresponding to the histoplasmin skin reactivity of the area.

The presence of necrosis and liquefaction in the center of so many primary foci
in human lungs was interpreted in 1962 as the result of attraction of mononuclear
cells. The frequency of hypersensitivity illustrated by erythematous skin eruptions
(LEZNOFF et al.; MEDEIROS et al.; SELLERS et al.) during primary infection was not
known at that time; in the light of present knowledge, the interpretation of the
necrosis in the primary focus may need revision, leaning toward sensitivity reaction
as an important factor.

The time necessary for the development of a recognizable circumscribed
primary lesion varies. It may be very short, as seen in the example of a child
autopsied by SCHLUMBERGER and SERVICE.

This infant was only 9 weeks old at death. The first 2 weeks of his life were spent in the
hospital; five weeks later, he was hospitalized with disseminated histoplasmosis, and had
apparently multiple primary foci of 3—8 mm, appearing in the photomicrographs like active
primary foci. In contrast, a girl less than 4 months of age at the time of death had nonspecific
pneumonitis without strict focalization and without necrosis (SALFELDER and CAPRETTI), but
regional lymph nodes of the infant already showed epithelioid cell granulomas with necrosis.

The lymph node involvement of the primary complex varies with the age of the
individual at which the primary infection takes place. In adult infection, less calci-
fication results than in childhood complexes and only 1 or 2 lymph nodes show
lesions as opposed to the childhood complexes with about five nodes involved
(STRAUB and ScEWARZ, 1962). We also have the distinct impression that the focus
acquired in adult life stays active for a long time, is very large, and cannot always
be differentiated from a histoplasmoma.

The primary lesion is substantially larger in histoplasmosis than in tuberculosis
(STRAUB and ScHWARZ, 1955).

Table 2. Size of primary complex
(Modified from STRAUB and ScHWARZ, 1955)

Histoplasmosis Tuberculosis

Lung focus:

4mm . .. ... ... 23 27

5—10mm . . . . .. .. 42 7

greater than 10 mm . . . . 2 2
Lymph nodes:

1—10mm . .. .. ... 48 21

greater than 10 mm . . . . 22 3

The microscopic architecture of the primary focus has been described with sur-
prising accuracy in single instances (COLVIN et al.) and in larger series has been
found to depend on such factors as the stage, size, and age of the patient (STRAUB
and SCHWARz, 1960).

The lung/tissue reaction of early infection is a nonspecific bronchopneumonia
with polymorphonuclear infiltrate which slowly changes with time. Histiocytes
become prominent, the phagocytized yeast cells multiply, and necrosis develops.
The focus becomes more circumscribed and a fairly sharply outlined caseous lesion
is visible. Generally, the focus is subpleural with little reaction of the pleura. Bands
connecting visceral and parietal pleura, so commonly seen in tuberculosis, are not
seen in histoplasmosis; neither are major scars in the visceral pleura. In the active
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primary infection, the pleura shows, grossly, very delicate fibrinous reaction cover-
ing the primary focus, which becomes organized to a slight pleural fibrosis. We have
only rarely seen heavy pleural plaques, and these have been only a few millimeters
in thickness. Calcium deposits in pleural scars are rarely seen. Calcium deposits
precipitate with variable velocity in the primary focus, sometimes as soon as a few
weeks, more often, after several months. Exceptionally, such foci remain without
calcification for years.

Ordinarily, the histoplasmic primary focus is larger than the Ghon focus of
tuberculosis, and this is one of the most striking gross differences. While thorough
examination, preferably with roentgenography of the lung after removal from the
thorax and palpation of the thin slices of lung parenchyma, is necessary to find the
minute active or residual tuberculous focus, in the case of histoplasmic infection
the focus protrudes quite prominently from the surrounding lung tissue. The
primary focus is generally subpleural and may be seen in all lobes of the lung. There
is at present no large accumulation of information on the distribution of the prim-
ary focus which could numerically compare with the extensive statistics about the
localization of the primary tuberculous focus. But if small numbers can be at all
an indication of the distribution, our figures indicate that no lobe has a particular
status. We found healed primary foci in the right upper lobe in 11 cases, in the right
middle lobe in 7, the right lower lobe in 15, the left upper lobe in 14, and the left
lower lobe in 21. The astute morphologist observes also that the calcification in
histoplasmosis is a composite of small foci rather than a solid chunk of calcium ; this
stippled appearance is especially prominent in the lymph nodes and can be re-
cognized also radiologically.

The involvement of vascular structures in the active primary lesion must be
common and must determine the dissemination to spleen and liver which is ex-
tremely common, as will be documented later. In the vicinity of the caseated prim-
ary focus it is easy to demonstrate H. capsulatum in capillaries and small veins and
sometimes even in veins with muscular wall. More often than not, the yeast cells
are within histiocytes and when found ““free”, suggest possible mechanical rupture
of macrophages during dehydration. However, a small number of yeast cells can
be seen outside of histiocytes in cases of active lung lesions. Since yeast cells are
not difficult to stain and can be recognized with greater ease than isolated bacilli,
including acid-fast organisms, the active proof of vascular invasion is demonstrable
in histoplasmosis, while it can often be only postulated in other diseases. In part,
the intravascular dissemination originates in subintimal pillows which secondarily
open into the lumen, shedding phagocytes loaded with yeast cells. The subintimal
histiocytic nodule sometimes forms a completely round granuloma but more often
one sees just a bulging “pillow,” pushing the endothelium into the venous lumen.
It can be assumed that the “pillows” form either from the outside through vasa
vasorum or even finer preformed channels, or else (and this is less likely) from the
lumen. These germ-spitting formations occur in the lung in chronic disease also
(after the primary sensitizing focus has healed), and can be seen with lesser fre-
quency in other organs, especially in overwhelming infection with myriads of
organisms in all tissue clefts. In the center of the caseated primary lesion, necrotic
(and thrombosed) vessels are indeed always demonstrable, but the process of de-
struction is far too advanced, preventing recognition of the presence of organisms
in the lumen. However, there can be little doubt that vascular channels within the
focus must be exposed to the same subintimal infiltration, forming sources of disse-
mination as in the vessels in the vicinity of active foci. The thrombosis associated
with the vascular necrosis in the center of the caseated lesion seals off this source
of dissemination, but no doubt ‘“‘after the horse has been stolen.”

6*
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In phagocytes, dozens of yeast cells are sometimes present. This simple fact,
which is also demonstrable in wvitro, in itself proves that multiplication occurs
within the phagocytic cell. The conclusion must then be that the intracellular en-
vironment at certain times is not damaging to the Histoplasma organism. It may
be permissible to assume that the intracellular environment gives some protection
from the circulating antibodies. These pathogenetic speculations are necessary to
explain why H. capsulatum is carried with such frequency to the spleen, and to a
lesser degree to other organs.

In all likelihood, similar disseminations occur also in other infections but for
several reasons are not as regularly documented as in histoplasmosis. H. capsulatum
is fairly easily demonstrable with modern staining methods: the splenic calcifica-
tions, if not unique, are so prominent in histoplasmosis that it takes special skill
to overlook them!. Similarly, foci in the liver, even if necrotic or calcified, reveal
their true nature by the presence of innumerable yeast cells. Much effort has gone
into the verification of this fact; the morphologic identity of the yeast cells in ex-
perimental animals, with the appearance in human tissue, both with active and
healed lesions, has been a strong argument which in experienced hands will be con-
clusive in 99 out of 100 cases. The fluorescent antibody technique has produced
additional proof of the safety with which morphologic methods can be used to elu-
cidate the pathogenesis of most lesions (YaMaGUCHI et al.).

Histoplasmoma

PUCKETT was the first to call attention to the true nature of pulmonary nodules,
called arbitrarily ‘“tuberculomas.” Sophisticated observers in the USA had noticed
the frequent absence of acid-fast bacilli, creating the category of ‘‘granuloma —
etiology undetermined.” The X-ray image of the corresponding generally solitary
lesion was labeled “coin lesion,” which term only serves as description without
attempting etiologic classification. Little purpose would be served by enumerating
all diagnostic potentialities of nodules appearing in the lung. The only important
nongranulomatous nodular lesion is carcinoma; the only frequent nonhistoplasmic
granulomata are tuberculosis, and in the southwest of the USA, coccidioidomy-
cosis. A tomogram showing the presence of laminated rings of calcium within the
lesion may eliminate considerably but not entirely the fear of neoplasm. For very
rarely, carcinoma may develop around a pre-existing calcified nodule and the X-
ray may become misleading. Calcium in tumors is exceedingly infrequent.

In 1953 Puckert reported 22 cases of surgically removed lesions of the lung
(Fig. 14), only one of which gave a positive culture of H.capsulatum. With the PAS
procedure, organisms were demonstrated in tissue sections and the impossibility
of their recognition in H & E stains was stressed. The material contained focal
encapsulated pneumonic foci with or without daughter lesions and cavitary histo-
plasmosis. The round foci were always subpleural with a visible focal thickening
of the pleura on top of the lesion. A central yellow focus of 2—5 mm was present;
this is the spot where yeast cells are most abundant. This was also the only area
with complete tissue destruction, whereas outside the central area, alveolar patterns
remained visible, best seen with special stains. The foci with daughter lesions prob-
ably represented primary foci, but since generally only wedge resections were
made, no lymph nodes were available for examination; in 2 cases, where lymph
nodes were available, they participated in the inflammation.

A year later, ZIMMERMAN (1954) found in 35 lesions submitted as “tuber-
culomas,” acid-fast bacilli only 6 times, but H. capsulatum 19 times, and Cocci-
dioides tmmatis 3 times. The same author found, in 1957, of 40 cases diagnosed as
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Fig. 14. Two surgically removed histoplasmomas, each 2 cm in diameter and subpleural. The
lesion on the right shows characteristic concentric rings, and a trapezoid contribution from
the pleura, demarcated by a narrow band of pigment. A collaborative effort of the pleura and
the lung is evident in this case from the continuation of the rings into the scar formed prin-
cipally by the pleura.
The lesion on the left shows another typical finding: a hairline demarcation of the central
liquefaction necrosis from the peripheral part of the granuloma. If a connection with a bron-
chus exists, the liquefied center may be expelled and a small cavity may form. There is little
to indicate that this is the origin of chronic cavitary lung disease. Radiologic followup indicates
that such “microcavities” fill in within a few months

histoplasmomas at the Armed Forces Institute of Pathology, Washington, D.C.,
only 9 submitted as such by the contributors. STARR et al. were successful in de-
monstrating Histoplasma with the PAS stain only once in 22 solitary lung lesions.
GREENDYKE and EMERSON were able to demonstrate the superiority of the Grocott
stain over the PAS procedure by finding H. capsulatum in 20 of 26 granulomas
removed at surgery. Of the 20, 2 were children (9 and 11 years), 16 were between
40 and 60 years of age. Thirteen had been completely asymptomatic, 5 had cough,
2 dyspnea, and 2 hemoptysis. All nodules were subpleural, evenly distributed in all
lobes of the lung, and none had free fluid in the pleural space at the time of surgery.
The lesions had concentrically layered greyish rings around a soft, pale yellow,
“mushy”’ center of 5—10 mm. Daughter lesions of 1—3 mm diameter in the vicin-
ity of the main nodule were common and sometimes numerous (2—30). In view of
the common presence of satellite lesions, it is surprising that in this, as in other
series, subsegmental or segmental resection proved prognostically sufficient.
STEELE reported the results of collected cases in man: of 887 solitary asympto-
matic nodules, 316 were cancers and 474 were granulomas. Of the latter, 164 were
due to H. capsulatum, 98 to C. immatis, 122 to M. tuberculosis, and 82 remained
unidentified. In this series, of 280 cancers, 10 (3.6%,) showed calcification; of 164
histoplasmomas, 15 (9.19,), which was a much higher percentage than in tuber-
culosis and coccidioidomycosis (both 59%,). The histoplasmomas were fairly equally
distributed in upper (529,) and lower (489%,) lobes, in contrast to tuberculomas
favoring the upper (739,) over the lower lobes (279%,). This discrepancy was even
more marked when the segments of the upper lobe were compared. In the apical and
posterior segments, histoplasmomas appeared 15 times, in the anterior segments
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14 times. In contrast, the corresponding features in tuberculosis were 52 and 8,
respectively. HurcrEsoN and WALDORF found of 35 histoplasmomas only 409,
in the upper lobes.

Bauwm et al. found radiologic evidence of increase in size of 4 histoplasmomas
followed over a considerable time. When the lesions were removed, they were found
to be inactive, with a broad, fibrous capsule, and seemingly incapable of recent
growth. This discrepancy between apparent growth in X-ray examination and an
encapsulated lesion without signs of activity was explained as follows: the lesions
did not grow in size, but the periphery developed greater radiodensity with progress
of time, simulating absolute increase in size, and in this way inducing need for
removal through fear of a growing neoplasm.

In the endemic area the histoplasmoma is the predominant granulomatous lesion
and can be found in teenagers and very old persons. Often the lesion is discovered
in an incidental X-ray film, or is recognized in X-ray films taken years earlier, when
searched catamnestically. When the lesion is attacked surgically, the overlaying
pleura will show slight thickening, and the absence of diffuse or bandlike adhesions
between the two pleural coverings is constant.

The histoplasmoma is almost without exception subpleural and the foci vary
in size from about 10—40 mm or even larger. Most foci are solitary, but rarely 6
or more lesions are seen in one lobe or scattered through the lungs. On the cut sur-
face a concentric pattern is almost always prominent. In the center, especially of
larger lesions, a soft spot a few millimeters in size is found which, as in the large
primary focus, represents liquefaction necrosis with complete destruction of the
anatomical structures, including elastic fibers. Here organisms will be found in
large numbers, a point of great diagnostic importance: if this central nidus is not
examined, the presence of organisms may remain undetected, even with numerous
and adequately stained Grocott sections.

In the periphery outside the liquefied area the alveolar pattern can be demon-
strated with an elastic tissue and Van Gieson stain. The structure of a histoplas-
moma changes with age from caseous, with occasional mineral deposits, to rocklike
lesions with abundant calcification in concentric fashion. The concentric rings are
seen in splenic and hepatic lesions as well, and we believe that the rings of necrosis
and subsequent mineral deposits are due to immunologic processes rather than to
fungal proliferation. This belief is based on the paucity or absence of yeast cells
outside the central spot. On the other hand, if there is more than one “central”
liquefied focus — a common finding in histoplasmomas — organisms are found in
each of the necrotic areas, but still strictly limited and without spread to the peri-
pheral layers. The fresh lesion shows small epithelioid-cell tubercles in the fibrous
capsule of the histoplasmoma, sometimes on the inner aspect of the wall, some-
times seemingly incorporating discrete lesions just outside the fibrous capsule. In
older histoplasmomas the fibrous capsule is completely inactive, without any
granulomatous nodularity, and with few lymphocytes.

From the pleura a trapezoid contribution is added which enters between the
orderly concentric rings of the histoplasmoma for as much as 4 or 5 mm. The
“keystone” part is often shiny-white, and microscopically hyalinized. Rarely the
orderly process of progressive calcification and arrest of the histoplasmoma is inter-
rupted by extension of the central necrotic area, leading to cavitation. Such cavi-
ties are small, irregular, and fragments of caseated material are seen hanging into
the liquid content of the cavity. Clinical experience indicates that such small ex-
cavations within a histoplasmoma fill in over the years and in all likelihood do not
represent the source of chronic cavitary histoplasmosis. But much more work needs
to be done to decide this question definitively.
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Fig. 15. Chronic histoplasmic cavity with pachypleuritis, thick walls, remnants of bronchi, and
vessels crossing the lumen and subdividing it into several chambers. The surrounding lung
tissue is scarred, emphysematous, and distorted

Not infrequently, small epithelioid-cell “tubercles” are found in the vicinity
of the histoplasmoma, but distinctly outside the capsule and without connection
with the histoplasmoma. These satellite lesions are remarkable for two reasons.
First, they may represent a source of growth of the histoplasmoma — if they be-
come incorporated in the main lesion, as they often do. Second, simple wedge
resection must often cut through such small satellite lesions, but the surgical
results of even very narrow segmental resections are excellent. In spite of appa-
rently completely successful removal, it would seem advisable to resect such lesions
with somewhat wider margins to avoid the possibility of postoperative spread.
When left alone, the histoplasmoma may change in density over the years, or may
remain without alteration. The follow-up by X-ray study of such patients saved
from thoracotomy is one of the satisfactions of the conservative physician.

Cavitary Histoplasmosis

Chronic progressive cavitary histoplasmosis is seen in older men and represents
the breakdown of pneumonic infiltrates in the apical and subapical regions of the
lung. The small acute cavity with an irregular wall can progress to a thick-walled
lesion, 2—3 c¢m in diameter (SWEANY et al.). FurcoLow and BrASHER (1956) re-
viewed chronic progressive cavitary histoplasmosis. The existence of this entity
has been slowly accepted, especially in endemic areas. The observation that chronic
cavitary histoplasmosis is seen more frequently in middle-aged men than in youn-
ger persons suggested reinfection as a probable cause. Anatomic evidence for re-
infection was presented in 5 cases from Cincinnati by Scuwarz and Baum (1963),
when they reported the presence of caseous or cavitary lesions distant from, or
even contralateral to, calcified and inactive primary complexes (Fig. 15).
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Fig. 16. Old histoplasmic pulmonary cavity, kept open by the presence of a fungus ball in the
subapical region. Intense fibrosis in the lower part of the cavity and loose crumbly appearance
of the contents are conspicuous. Aspergillus species are most frequently isolated

A much larger series would be necessary to decide whether reinfection is exo-
genous or endogenous. However, the anatomic proof for its existence has been
established. We favored the exogenous route based on epidemiologic considera-
tions: the frequency of sources of infection related to soil. SWEANY et al. considered
reepithelialization an infrequent event, but this opinion was based on only occa-
sional random sections. The knowledge of the origin, development, and healing of
histoplasmic cavities is limited and cannot compare with the abundant information
available in tuberculosis, derived from a wealth of material and the work of
numerous investigators in phthisiology. According to BEATTY et al., the histo-
plasmic cavities are frequently open, communicating with one or more bronchi,
and are in his experience commonly seen in the posterior-superior portion of the
lung. Bronchiectases in connection with cavities are frequently mentioned, but
the claim is easier made than proven. Sinus tracts are less common than in tuber-
culosis (BEATTY et al.). It has been claimed that emphysematous blebs can become
infected with H. capsulatum (RAMIREZ and LEVY), but on the other hand SwEANY
et al. claim that about one third of cavities progress to cyst formation. Qur limited
experience with cavitary histoplasmosis seemed to indicate a tendency to develop
heavy-walled structures, often divided by residual bronchi and vessels into sub-
divisions, in every aspect comparable to tuberculous cavitations. (The great fre-
quency of combination forms with dual infection, M. tuberculosis plus H. capsula-
tum, has been covered in the chapter on concurrent diseases.)

Demonstration of only one agent in dual infection can have disastrous thera-
peutic results. Fortunately, in cavitary histoplasmosis, the organisms are plentiful
in the sputum and can be demonstrated by culture, fluorescent antibody stain
(Carsk1 et al., Ly~or and PLEXICO) or simple Wright stain (Woobs et al.).
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Fig. 17. Small cavity of histoplasmic origin. Organisms were demonstrated in the necrotic
tissue of the wall. The cavity is filled by a “fungus ball,” the result of proliferating Aspergilli.
H&E x 12

The presence of fungus balls in histoplasmic cavities (PRockNow and LOEWEN ;
SCHWARZ et al., 1961) has become a prestige diagnosis in endemic areas (Fig. 16).
The development of fungus balls, generally composed of Aspergillus species, in
cavities of variable etiology, has been recognized for some time. The simultaneous
presence of Histoplasma in the wall and Aspergillus in the lumen of a cavity was not
demonstrated until 1960—1961. It is not known why Aspergillus develops so pro-
lifically in pulmonary cavities. Once the cavity is nearly filled by the Aspergillus,
bronchial obstruction may occur and lead to death of the Aspergillus possibly by
asphyxia. The macerated swollen hyphae can be seen years later, but viability
leading to positive culture will seldom be found. A crescent-shaped air space shown
in X-ray picture over the fungus ball floating in the exudate of the cavity can be
easily dislodged by the patient’s change of posture, proof of the floating nature of
the foreign object in the cavity. On opening a cavity containing a fungus ball, a
brownish, moist-to-dry substance is found, parts of which may be adherent to the
wall of the cavity (Fig. 17). So inconspicuous is this substance that we have some-
times mistaken it for a blood clot. Some fungus balls reach or surpass the size of

Table 3. Morphologic demonstration of H. capsulatum in
sputum of cavitary cases

Culture Stain Pos. Author
25 positive 18 PAS Lyw~cH and PrExICO
59 negative 8 PAS Ly~cH and PrExICO

38 positive 27 Wright Woops et al.
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Fig. 18. Comparatively recent “‘epidemic histoplasmosis.” Innumerable foci of equal size are
seen in both lung fields, many already calcified. The patient was exposed to heavily conta-
minated dust 2 months prior to photographing

golf balls. The importance of the fungus ball is mostly mechanical, preventing
closure of the cavity. Aspergillus from the cavity is seldom and sporadically found
in the sputum, apparently only when the draining bronchus is open. We have
occasionally found one out of a dozen cultures from the contents of the cavity
positive for Aspergillus.

This histoplasmic cavity is exposed to the same dangers and complications as
the tuberculous cavity : hemorrhage, perforation with empyema, or bronchopleural
fistula. Of 19 cavitary cases, FUrRcoLow and BrasHER found 12 bilateral and 3
multiple. D1veLEY and McCRACKEN reported only 3 bilateral cavities in a group
of 29 surgical resections.

“Epidemic” Histoplasmosis

Furcorow and GraysToN, LoosLI et al., and others are responsible for the
development of the concept of “‘epidemic histoplasmosis.” This entity refers to in-
fection of small or large groups of people by spore-laden dust at a point source.
Such infections have developed in groups of persons who entered a silo on a farm
(LoosLr et al.), a storm cellar (CAIN et al.), a cave (MURRAY et al.; GONZALEz-
OcHoA), or who cleaned water towers, bridges, or attics, or who explored a hollow
tree (FELDMAN and SaBIN; ENGLERT and PHiLrips; FurRcoLOW and GRAYSTON).
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Fig. 19. Primary focus (one of many) in “epidemic histoplasmosis.” The patient had hundreds

of similar foci, each of the same size and stage of development. Most had bony rings filled with

bone marrow. Except for its small size, a focus of “‘epidemic histoplasmosis” mimics the
solitary classical primary focus. H&E x 35

The common denominator in all outbreaks was the abundant presence of H. cap-
sulatum in the soil at the source of infection, frequently proved by means of cul-
ture or by experimental exposure of lower animals to the same environment. The
clinical picture varied from an asymptomatic to a severe septic course. The pro-
gnosis was good in most outbreaks in the United States (ADRIANO et al.; LEHAN
and FurcoLow), but greater fatality rates occurred in other countries, especially
in Mexico (GoNzALEzZ-OcHOA). In asymptomatic, as in clinically ill patients, the
X.ray has often showed multiple pulmonary lesions which in due course have
appeared as multiple calcific nodules, interpreted as multiple primary foci (Fig. 18).
From a purely logical point of view, therefore, it would seem more nearly correct
to speak of “‘infection with multiple primary foci” rather than of “epidemic histo-
plasmosis,” since the former is based on anatomic findings and the latter does not
represent an accurate representation of facts, as many patients with multiple
primary foci acquire the disease “privately” and do not necessarily form part of a
group-infection.

The multiple foci, in both the acute and healed forms, resemble the solitary
primary focus. The multiple foci are smaller then the average solitary focus and are
generally fairly uniformly about 5 mm in diameter (Fig. 19). There may be from
a few dozens to many hundreds of foci in a single case. The lymph nodes partic-
ipate, but in view of the multitude of lung foci, it is impossible to trace the individual
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lung lesion to a particular lymph node or even to a lymph node group; they all
participate. However, the lymph node involvement is not necessarily prominent
or larger than in a solitary infection of a lower lobe, where most of the homolateral
lymph nodes are seen to be caseated and where, in some cases, the infection even
crosses over at the level of the carina, affecting also the contralateral paratracheal
nodes.

In dogs, multiple primary pulmonary foci are much more frequent than in man (STRAUB
and ScHWARzZ, 1960) ; we believe that this has to do with the tendency of dogs to dig and snuffle
in the soil. In addition to the simple mechanical closeness of the dog to infected soil, species
differences may also play a role.

Multiple primary foci have been seen also in reinfection; in 1947, several men
cleaning a water tower in Cincinnati (FELDMAN and SABIN; SCHWARZ and Baum,
1960) developed mild to severe disease. It would be most unlikely to find in the
endemic area (with a skin sensitivity rate close to 90%,) 12 unselected men who
would be free from previous contact with Histoplasma. Therefore, the disease and
pathologic confirmation in 2 of the individuals (dead from other causes) must be
interpreted as reinfection under the picture of “multiple primary foci.” The mul-
tiple pulmonary calcifications, a radiologic hallmark of healed “epidemic” histo-
plasmosis (SILVERMAN, 1950), have to be differentiated from the rare ossified
nodules seen with mitral stenosis (DAUGAVIETIS and MAUTNER) and from familial
pulmonary microlithiasis (Sosman et al.).

In healed epidemic histoplasmosis each calcified focus represents a minute
primary lesion that has healed, often with a rim of bone surrounding the calcified
center. It is common to find a bone-marrow space in the bony ring on the peri-
phery of the focus. When such lungs are examined, the uniformity in size and
architecture of the dozens to hundreds of foci is astonishing. Clearly the represent
simultaneous formation of “‘primary foci” in an individual who was exposed to a
heavy concentration of spores, generally in a dusty environment, as in a silo,
storm cellar, cave, an excavation for construction, or a hollow tree. The nodular
pulmonary ossifications associated with mitral stenosis are solid bone without
evidence of a calcified, necrotic center as in the histoplasmic lesions. The so-called
osteomas of the lung, rare in man, but common in dogs, have an architecture simi-
lar to the bony lesions seen in mitral stenosis. If widely disseminated miliary tuber-
culosis ever healed (prior to antibiotic therapy), it must have been so exceptional
that we wholeheartedly agree with SosMaN et al.: “Most if not all of the cases
reported as healed, calcified, miliary tuberculosis have been either calcified histo-
plasmosis or other fungus disease.”

The Spleen

The spleen partakes in histoplasmosis in two different ways: 1. splenomegaly ;
2. “miliary lesions.” During the rare infantile form, unbelievable numbers of yeast
cells become trapped in the splenic phagocytes. Grossly, splenomegaly is seen, the
organ is several times normal in size and has a tense capsule. Microscopically, such
spleens show huge macrophages uniformly filled with the small yeast cells. The
splenic invasion (by phagocytes) leads to complete obliteration of the normal
architecture. The phagocytic infiltrates in turn show great propensity to necrosis.
The splenic condition is only part of a widely disseminated and generally pro-
gressive and fatal disease. In addition to diffuse histiocytic infiltration, discrete
nodular lesions of different size and in variable numbers are seen in disseminated
histoplasmosis.

The second much more common form of splenic histoplasmosis occurs during
primary infection when from the pulmonary primary complex an early, generally
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Fig. 20. Splenic calcifications of histoplasmosis, even very large ones as in this unusual case,

are in our experience never associated with clinical symptoms. This is remarkable considering

the huge size of the calcifications (indicating even larger foci of active necrosis before scarring
decreases the size of the lesions)

benign and self-limited, hematogenous dissemination occurs. A few to hundreds
of small foci are formed during this early hematogenous spread, and active lesions
of this nature can be found in surgically removed spleens and less frequently in
autopsy material. In the latter cases, the pulmonary complex is found in a con-
dition similar to that of the spleen, supporting our belief that the foci are formed
during the primary phase of infection. The foci, even if extremely numerous — and
what is less common, even if very large — tend to heal (Fig. 20). Hence we have
concluded that round calcific foci in the spleen are most commonly of histoplasmic
origin if:

1) there are 5 or more round foci of 3—5 mm diameter, or

2) if the foci show a central calcification separated by a less dense zone of calci-
fication from one or more heavily calcified peripheral rings (SCHWARZ et al., 1955;
OKUDAIRA et al.; MASHBURN et al.; SALFELDER et al.; SERVIANSKY and SCHWARZ).

In 2 autopsy series of patients dead of diseases other than histoplasmosis, calci-
fied foci in the spleen were found in 449, (SCHWARZ et al., 1955) and over 60,
(STRAUB and ScuwaRrz). These figures were confirmed, albeit with a lower per-
centage, by MASHBURN et al.

Microscopic examination of the active foci reveals single or confluent groups
of epithelioid cells in different stages of caseation. Soon a capsule is formed ; fibrosis
and calcification follow (Fig. 21). In the debris, cholesterol clefts may form and, as
in all histoplasmic mass lesions, organisms are found in the exact center of the
lesion. The concentric layering in many foci resembles the (colloid) rings of Liese-
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Fig. 21. Healing splenic focus of histoplasmosis. In endemic areas, splenic foci are found in
great numbers of patients, generally without a history of disseminated disease. Foci become
calcified later, permanent evidence of ‘‘benign asymptomatic primary dissemination” (disse-
mination during primary infection). Even contiguous foci remain separate. H&E x 15

gang and is no doubt responsible for the differences in concentration of calcific
deposits within the focus. Such foci may be mistaken for non-specific scars if the
fibrous capsule is cut instead of the central core. Frequently the round foci are close
to the ubiquitous veins and trabeculae of the spleen. This does not imply a rela-
tionship between veins and foci; the multiple calcified splenic lesions are not phle-
boliths.

In view of the large number of splenic foci, it is surprising that the clinical
symptomatology so far has escaped attention. Often such spleens have been found
in persons who supposedly had been in good health all their lives and definitely
lacked any history of prolonged febrile illness. Similar foci are found in the liver
less frequently, and exceptionally in the kidney and other organs. One apparent
reason for the frequency of splenic involvement is the ready availability of phago-
cytes, but circulatory factors may play a role also. Occasionally, foci 2 cm or more
in diameter are found, but even such cases have no corresponding history or
symptomatology (STRAUB and ScHWARz, 1962).

Occasionally, large caseous foci are seen, with breakdown of tissue resulting in
abscess-like structures. CoLVIN et al. described prominent asteroid bodies in splenic
giant cells in an autopsy case of disseminated histoplasmosis, without attempting
interpretation. Calcific residual lesions of brucellosis were 2—23 mm in diameter,
with a solid center and a peripheral snowflake pattern, in one case 25 years after
the acute disease occurred (Yow et al.).

Splenic needle biopsy is seldom practiced, but a positive result confirmed by
culture is on record (ALEXANDER and BakIR). Recently, we were able to report a
series of 12 cases showing the complete development of the calcific lesions, pre-
viously postulated from incidental findings (SALFELDER and SCHWARZ, 1967). Over
the years, in spleens removed for traumatic rupture or other reasons, unrelated to
histoplasmosis, we have found small groups of histiocytes, typical noncaseated
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“tubercles,” and, later, caseated discrete foci, some of which had already become
calcified. In none of the patients were symptoms recorded attributable to histo-
plasmosis (SALFELDER and ScHEWARzZ, 1967).

The Liver

The liver can become very large in the infantile form of histoplasmosis, the cells
of the liver being separated and compressed by swollen phagocytes teeming with
organisms, sometimes to the point of necrosis. Kupffer cells participate prominently
in the phagocytosis. In infantile hepatomegaly due to histoplasmosis, inflammatory
cells of other types than macrophages may be remarkably scarce or even absent.
Numerous submiliary or miliary granulomatous infiltrates can occasionally be
found on biopsy (ALEXANDER and BAKIR) but the correct pathogenic diagnosis can
be extremely difficult to establish unless cultures turn out positively (HoLLaND
and HorraND). The smallest lesion consists sometimes of a few necrotic cells and
polymorphonuclear or mononuclear leukocytes. Nothing points toward a granulo-
matous lesion and unless cultures are made routinely from liver biopsies, the etiology
will never be established in such cases. The number of yeast cells is so small that
even the demonstration of a few isolated yeast cells by the Grocott procedure may
be inconclusive unless the yeasts are well preserved and located within the micro-
foci.

Somewhat larger lesions have epithelioid cells with occasional giant cells of the
Langhans type and various degrees of caseation. Organisms are scarce even in such
foci and culture results will be more rewarding than the attempt at morphologic
demonstration of yeast cells.

In the liver, the search for organisms, even in established cases of histoplas-
mosis, can be most frustrating. In one liver biopsy, we observed acid-fast bacilli
and yeast cells of H. capsulatum in individual ‘“‘tubercles” that could not be etio-
logically differentiated by cellular appearance. Comparatively large foci of an
embolic nature, similar to those seen in the spleen, may be observed; the lesions
are commonly directly below or involving the capsule of Glisson and measure a
few millimeters in diameter (Fig. 22). Calcified lesions, the result of benign self-
limited hematogenous dissemination during the primary infection, are somewhat
less frequent than similar splenic lesions, and can be confused with calcified liver
flukes and other parasites. Such hepatic lesions are sometimes mistaken for meta-
stases during laparotomy for abdominal cancer. The huge number of organisms
in such “large” lesions is in sharp contrast to the pauci-cellular infection described
under miliary and submiliary foci. The lack of symptoms in patients with such
hepatic and splenic foci, even in the presence of dozens to hundreds of lesions, is
astonishing (OKUDAIRA et al.).

Bone-Marrow, Bone and Joints

Bone-marrow invasion is common in the infantile type and in hematogenous
dissemination in general. Either isolated, more or less well-formed epithelioid cell
tubercles, or, secondly, histiocytes packed with yeast cells are found. The latter
form of bone-marrow invasion can be discrete or completely diffuse. In the latter
form, the reason for depression of the bone-marrow function is self-evident, but it
seems that bone marrow, with the discrete form of histiocytic invasion or with
widespread “tubercles,” can also be associated with pancytopenia. In infantile
and other disseminated cases, the bone-marrow aspirate becomes an important
substrate for the demonstration of the organism, either by smear, with Wright
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Fig. 22. Histoplasmosis of liver. Massive hepatosplenomegaly is characteristically seen in in-

fantile primary histoplasmosis in the course of hematogenous dissemination from the pul-

monary primary complex. The same picture rarely can be seen in adults with late primary in-

fection. The liver cells are separated by huge phagocytes, each stuffed with innumerable yeast

cells. There is a confluent focus of macrophages in the upper central part of the illustration.
H&E x 300

stain or by similar procedure (COoOPERBERG and SCHWARTZ), or by culture. In the
infantile type of the disease, associated hepatosplenomegaly duplicates the intense
phagocytosis of fungus organisms in the bone marrow. In the marrow, with pro-
minent histiocytic proliferation, organisms are so plentiful that they can be reco-
gnized readily in the H & E preparation (Fig. 23). In contrast, the tubercular forms
may have so few yeast cells that their demonstration is beyond possibility even
with special stains. Here again diagnostic recognition may depend on culture.

In view of the common involvement of the bone marrow in disseminated histo-
plasmosis, it is astonishing how rarely bone and joint lesions are observed. This
problem becomes even more enigmatic when we realize how common bone lesions
are in the closely related disease caused by H. duboisii.

In our own material, we have seen only one case of suspected bone lesion. This
was the case of a young man in whom so much granulation tissue was seen around
the tendons of the left wrist that clinically a sarcoma was suspected. The tissue
response in this instance was tubercular, with discrete but complete areas of
necrosis. Organisms were fairly numerous microscopically and their identity was
further verified by a positive culture. No demonstrable bone lesions were evident,
the chest X-ray was read as unrevealing, and the patient had no septic picture at
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Fig. 23. Histoplasmic yeast cells in macrophages of the bone marrow in infantile progressive
disease. Various degrees of infiltration occur sometimes forming solid “sheets” of phagocytes.
H&E x 500

any time. The complement fixation in this florid case was only 1:8 positive, and
the final diagnosis was tenosynovitis. A similar case, verified by culture, involving
the os triquetrum radiologically, with recovery after surgery and amphotericin B
therapy, was reported by OMER et al.

It seems almost superfluous to repeat that bone, joint, and tendinous lesions
are indeed secondary to pulmonary infection, whether the latter is demonstrable
or not.

Osteolytic lesions in skull, clavicle, and femur were described by MARrTz as resembling
syphilis in a 3-year-old girl. The knee joint (bone and synovia) was involved in a case reported
by KeY and LARGE. ALLEN reported two cases of bone involvement. The first was a 3-month-
old Negro boy with disseminated histoplasmosis, in whom subperiosteal thickening of all long
bones was seen radiographically. Cortical bone sections were not examined at autopsy. The
second case, a 9-month-old Negro boy, had on X-ray patchy destruction of the skull in the
frontal and parietal areas, similar to lesions observed in a previous case report (KLINGBERG).
Extensive rarefaction was also seen in long and flat bones; the child recovered on ampho-
tericin B therapy. A bone biopsy showed granulomatous lesions with organisms, but the report
is essentially limited to these two facts (ALLEN).

Right hip involvement on X-ray, with intact joint space, was mentioned in the case of a
14-year-old boy with a positive histoplasmin skin test (E. ScHwARz). In another disseminated
case, reported by DUBLIN et al., the body of the third lumbar vertebra was filled with granulo-
matous lesions. PoLLAK describes a positive culture from the apical granuloma of an extracted
tooth.

The small number of reported osteoarticular cases, and the paucity of descrip-
tive pathology even in those cases, precludes any broader discussion, but it is clear
that bone and joint lesions can on occasion be caused by H. capsulatum infection.

Handbuch der pathologischen Anatomie III/5 7



98 J. Scawarz: Histoplasmosis

Lymph Nodes

Lymph-node pathology in histoplasmosis closely resembles the sequence so
well documented in tuberculosis. During the primary histoplasmic (pulmonary)
infection, the regional lymph nodes become swollen, and develop discrete or
confluent epithelioid-cell granulomata. In turn, the granulomatous lesions be-
come centrally or diffusely necrotic. Sometimes, large markedly swollen lymph
nodes of a most unusual ochre color are found draining the primary focus; micro-
scopically, innumerable histiocytes and the familiar picture of myriads of yeast
cells are seen. The foci of caseation necrosis in histoplasmic lymph nodes draining
the primary focus are often discrete and the resulting calcification is likewise spotty
(“stippled”) (Fig. 24). This, and the large size of the necrotic or, later on, chalky-

Fig. 24. Histoplasmosis of a lymph node. Classical stippled appearance of calcification in a
lymph node draining a primary focus. The lymph nodes are very large, and the number in-
volved is greater in childhood than in adult primary infection

to-calcified lymph nodes pertaining to the primary complex, are the hallmarks of
the gross anatomic picture (STRAUB and ScHWARZ, 1955). When we examined lungs
of American Negroes, in an attempt to find differences in comparison to work pre-
viously done elsewhere by STRAUB, it became obvious that autopsy material in the
endemic area of histoplasmosis exhibited unique calcifications. In searching for
healed lesions of tuberculosis, it had been often necessary to laminate the lungs
and lymph nodes in very thin (3 mm) slices in order to find the small calcific residuals
of tuberculous primary infection.

In contrast, in Cincinnati, Ohio, the calcific foci in lung and lymph nodes were
of a size that seemed to invite their detection at once. The large size of the lymph-
node component produces complications of considerable importance : Compression
of trachea or bronchi and vessels; rupture into trachea or bronchi during the acute
state, with bronchogenic aspiration and dissemination; or, after healing, erosion
and hemorrhage by calcific lymph nodes, with broncholith formation. A less
common, but spectacular complication is the formation of tumor-like cystic forma-
tions in the mediastinum (DOVENBARGER et al.). The cheesy material of the media-
stinal cysts has been mistaken for the contents of a dermoid cyst. Such mediastinal
masses can be large, 10 cm or more in diameter, and dangerous because of topo-
graphic relationships.
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Fig. 25. Lymph node histoplasmosis. Huge sac, the result of a caseated conglomerate of

mediastinal lymph nodes. Such lymph nodes and even larger tumor-like “cysts” compress and

distort structures in the vicinity and can be mistaken for dermoid cysts. Microscopy of selected

areas reveals remnants of lymph-node tissue, and organisms can be demonstrated with the
Grocott procedure

Caseation is seldom seen in lymph nodes beyond the primary infection, and the
morphologic picture of epithelioid cell tubercles found in post-primary infection
can tax the diagnostic acumen even of the most experienced morphologist.
Organisms, either mycobacteria or fungi, can be very scarce in ‘“‘productive’”
tubercles, and numerous slides and even more hours may be necessary to find a
few unquestionable organisms.

The occurrence of the epithelioid-cell tubercle of histoplasmosis leads to con-
fusion with “‘sarcoid”” and other noncaseating granulomata, such as those of
Brucella, beryllium, and other mycoses. Lymph nodes from the hepatic hilus fre-
quently show tubercles which may be interpreted as those of sarcoid, tuberculosis,
or histoplasmosis) (ApPoNTE). The need for convincing demonstration of the causa-
tive microorganism in this lymph-node group is possibly greater than that in con-
nection with draining of the lung or corresponding parenchymatous organ ex-
hibiting active histoplasmosis. A case in point, of a 20-year-old student with febrile
illness, is reported by BuLLock and RaY. Biopsy from the supraclavicular lymph
nodes was first read as ‘“‘sarcoid,” but grew H. capsulatum on culture.

Scalene lymph nodes can contribute to the diagnosis of pulmonary histoplas-
mosis (JoENSON and McCurDY; WiLcox et al.), but cultural methods will be of

7*
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TFig. 26. Discrete foci of caseation in a lymph node of the primary complex of histoplasmosis.
This results subsequently, on healing, in stippled calcification typically associated with histo-
plasmosis. H&E x 36

immeasurable assistance in reaching the diagnosis. Widespread or even generalized
lymphadenopathy is sometimes seen in young children during progression of the
primary infection. External lymph nodes can protrude in tumor-like fashion, and
mesenteric lymph nodes are not only palpable but sometimes even visible through
the thin distended abdominal skin cover. Such lymph nodes show invasion by
yeast-laden histiocytes to a point where any resemblance to normal lymph-node
architecture disappears. Necrosis is not a constant feature of the development, but
occasionally may lead even to liquefaction; and perforation, when it occurs in the
cervical region, mimics the scrofula of yesteryear.

Isolated lymph nodes which swell up without clinically traceable source can
occasionally be seen about the neck, and exceptionally elsewhere, in all age groups.
Liquefied mediastinal lymph nodes can compress the airways to a point where life-
saving emergency surgery is needed (FRIEDMAN et al.). The tissue destruction in
such individual lymph nodes, as in the cystic lesions (DOVENBARGER et al.) can be
so complete that, grossly, the existence of a lymph node can be just suspected from
the presence of small anthracotic specks on the capsule (Fig. 25). Microscopically,
the evidence for lymph nodes may be equally scarce. In the exceptional cases of true
primary mucocutaneous histoplasmic infection, the regional lymph nodes were, as
expected, found to be prominently swollen (SPIckNALL et al. ; TESH and SCHNEIDAU;
TosH et al.) but regressed over a period of several months.
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Fig. 27. Complications from healed lymph nodes of histoplasmosis consist largely in perforation

into the tracheobronchial tree. Erosion by the sharp fragments of a calcified focus into a right

main bronchus is shown here. Spastic cough, hemorrhage, sometimes lethal, and frequent ex-

pectoration of numerous broncholiths, represent the clinical picture. Some patients live for

years with severe cough, proudly collecting stones, sometimes expelled by frightening attacks
of coughing

The prominent enlargement of mesenteric lymph nodes by no means proves
intestinal primary infection, since this condition is found with regularity in pro-
gressive infantile histoplasmosis in the presence of unquestionable primary pul-
monary complexes. However, no demonstrated cases of intestinal ulcers in the
absence of pulmonary infection have been reported.

A disturbing report (CoLrINs) of almost 539, positivity in 151 mesenteric
lymph nodes removed at appendectomy lacks any morphologic, cultural, or epi-
demiologic basis, and is mentioned only as an example of misleading and un-
founded information.

Upper Airways: Broncholithiasis is a serious complication ordinarly associated
with the sequelae of primary infection. It has been pointed out by early observers
that calcification of the lymph nodes pertaining to the primary complex is a pro-
minent feature of healed histoplasmosis, and it has been shown that radiologically
(SERVIANSKY and ScHWARZ) and anatomically (STRAUB and ScEWARzZ, 1962) the
calcifications in the lymph nodes have characteristics which permit suspicion of
the etiologic agent (Fig. 26). The lymph nodes can grow very large and, during the
acute stage, become attached to surrounding structures, especially bronchi,
trachea, esophagus, and less frequently to the large vessels in the thoracic cage.
When the lymph nodes retract after the acute caseating lymphadenitis subsides,
they often produce complications.

Errosion of trachea and bronchi is of common occurrence. Demonstration of
organisms in calcified particles is easier in histoplasmosis than in tuberculosis, and
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organisms have been found repeatedly in broncholithis (BauM et al.; WEED and
ANDERSEN ; MACINNIS).

Perforation of caseated histoplasmic lymph nodes into the upper airways is
therefore a well-established fact, and in the endemic area such perforations occur
frequently; healed pigmented scars in trachea and bronchi with attached calcified
lymph nodes are commonplace in our autopsy material (Fig. 27). If the existing

Fig. 28. Multiple histoplasmic broncholiths removed by bronchoscopy (G. PEaBoDY, Washing-

ton, D.C.). If strategically located and of proper size, complete obstruction of bronchi and

atelectasis can result from stones. After decalcification we have been successful in demonstrat-
ing H. capsulatum in every instance

fistula between the lymph nodes and airways does not close in time, calcific par-
ticles, or sequesters, will wander through the opening, producing spasms of cough
and hemoptysis before they find their way into the bronchi and are expectorated
(Baum et al.) (Fig. 28). Variable degrees of hemoptysis, including fatal hemorrhage,
are seen during the entrance of the irregular calcium particles into the airways.

Lymphoma and Histoplasmosis

The association of lymphoma with complicating disseminated fungus disease
is poorly understood but well documented. However, it is useful to remember that
bacterial and viral complications in terminal lymphomas are equally or more
common than fungus; this puts the fungal infection into its rightful place as “just
another complication.” Candida albicans and Cryptococcus neoformans probably
are much more often “opportunistic’” invaders in lymphomas than any other group
of fungi. It has been advocated that the finding of disseminated fungus disease in
lymphomas could represent coincidental occurrence, but the relative rarity of either
group of disorder rules this out. The thesis that fungus diseases mimic lymphomas
is more interesting in view of the common difficulty of precise diagnosis in some
lymphomas; we have to confess that at the level of our present knowledge the
diagnosis of lymphoma is largely a morphologic one, without the benefit of constant
serologic or chemical supporting data. Small wonder that in a few cases lymphoma
was diagnosed but at autopsy histoplasmosis was found.

Cases like R.D. MoorE’s, who found lymphoma at biopsy but at autopsy only
histoplasmosis, are hard to accept. The concurrent presence of disseminated histo-
plasmosis with lymphomas can be rationalized in several ways: the lymphomatous
patient is susceptible because of : a) altered immunology; b) destruction of gamma
globulin sources; ¢) destruction of histiocytes (otherwise available for phagocytosis
of yeasts); and finally, d) because of therapeutic measures as cytotoxic drugs, cor-
ticosteroids, radiation, etc. It should be pointed out again, that Cryptococcus neo-
formans has a much higher incidence rate in lymphomas than H. capsulatum. But
both are seen mostly in Hodgkin’s disease (BUNNEL and FurcoLow; Casazza
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et al.; CoNrAD et al.; DEL NEGRO et al.; ENDE et al.; PARSONS and ZARAFONETIS ;
RopeER et al.; SAcLaM, VIviaN et al.; ZIMMERMAN, 1955).

Histoplasma has been also reported in lymphoblastic lymphomas (NELsON
et al.; R.D. Moorg), “malignant lymphoma” (STURIM et al.), reticulum cell sar-
coma (MURRAY and SLADDEN), and in cases of leukemic symptomatology (Davis
and Rrpka), lymphatic leukemia (WiLLiamMs and CROMARTIE; REINHARD et al.);
and one case (RODGER et al.) had simultaneously tuberculosis and cryptococcosis
complicating disseminated Hodgkin’s disease and histoplasmosis. Increased num-
bers of fungal infections in lymphomas are to be expected with prolongation of the
life of the lymphomatous patient, but little evidence points to a new alarming
trend.

The possible confusion of H. capsulatum with Pneumocystis carinii must be
mentioned, since pneumocystosis is reported in increasing numbers in patients
with lymphoma, agammaglobulinemia, etc. With the rarest of exceptions, pneu-
mocystosis has remained restricted to the pulmonary alveoli, which may be a most
helpful differential diagnostic point in the presence of scarce organisms. Indeed,
the foamy character of the alveolar content is in typical cases most convincing in
favor of pneumocystosis. So is the demonstration of “‘cysts’ with 8 inner bodies in
Giemsa stain. In view of the great variation of ‘“personally-hued” diagnoses in
lymphomas and the lack of uniform diagnostic criteria, it might be safest to rest
the case with the statement that the association between lymphomas and histo-
plasmosis occurs, and is most commonly found in Hodgkin’s disease.

Heart and Mediastinum

Heart, Pericardium, Mediastinum and Pleura. In 1966, sixteen documented
cases of endocarditis caused by H. capsulatum were recognized by GERBER et al.
The aortic and, in second place, the mitral valves were most commonly involved
and the size and extension of the vegetations varied from case to case (WEAVER
et al.). Histoplasmic endocarditis was found on the thickened valves of a previous
rheumatic valvulitis (BERMAN, FAWELL et al., KORNS, PALMER et al.) or on pre-
viously normal valves (MERCHANT et al.).

Yeast cells were generally abundant in the valvular thrombotic masses, and
sometimes blood cultures have yielded H. capsulatum (DERBY et al., GERBER et al.).
Cultures taken from the vegetations at autopsy have given positive cultures
(PALMER et al., MERCHANT et al.). The organisms found on the valves are some-
times larger than 5 u, up to 16 u (Korns) and of atypical round shape (BINFORD,
Hausr et al.) and even hyphal elements have been seen (Bixrorp, Korns, MER-
CHANT et al.). Extension of the endocarditis into the sinus of Valsava (BERMAN)
and embolic phenomena have been observed (BErMAN, DERBY et al., FAWELL
et al., GERBER et al.). The spleen shows complicating infarcts more frequently than
other organs. Necrotizing arteritis in the subcutis (BERMAN) or aorta (HausT et al.)
has been found associated with histoplasmic endocarditis. Experimental endo-
carditis of the aortic valves has been produced in dogs after the induction of trau-
matic valvular incompetence. Sometimes, in this experiment, up to 13 consecutive
blood cultures were needed before a positive result was obtained (AKBARIAN et al.).
Two forms of hemic invasion could be recognized; one had “incidental” positive
blood cultures with low colony count, representing occasional and inconsequential
escape of organisms into the blood stream. The second group had repeated posi-
tive cultures with high colony counts, sometimes several hundred colonies per
millilitres of blood. In dogs with the “incidental” blood culture, the positivity had
no prognostic implications; in the second modality, it was generally lethal.
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In middle-sized vessels of the lung, and also in other organs, a peculiar sub-
endothelial proliferation occurs with histiocytes and occasional mononuclear cells
separating the intima from the media. Such subintimal ““‘pillows” in arterioles of the
lung were recognized as early as 1939 in an infant (AcrEss and GRAY) and in 1942
(REID et al.). Sometimes, this proliferation is circular; in other instances, pillow-
like focal protrusions into the venous, or less frequently, arterial lumina occur.
Sometimes organisms are found in the macrophages, representing an excellent
source for the introduction of Histoplasma into the blood stream. Actual intimal
ulceration with discharge of yeast-laden macrophages can be observed occasionally,
and is especially impressive when stains of Gridley or Grocott outline the organisms.
The subendothelial swelling is also seen in meningitis, and softened foci of brain
tissue could be explained by the decreased flow, similar to the findings in tuber-
culous meningitis. In meningitis, there is frequently associated panangiitis with
necrosis of the vessel wall, similar to the change noted in coccidioidomycosis or
tuberculosis. This massive vascular response must be much more important in its
circulatory consequences than the rather discrete subintimal ““pillow,”” even if the
latter is prominently protruding into the vascular lumen.

Myocarditis is uncommon in histoplasmosis. Granulomatous involvement was
observed by PRIOR et al. in their case 4 in disseminated histoplasmosis. See also
HuMPHREY’s case 1, ScHULZ (1953) and WEED et al. Lesions without organisms in
the heart are described by PINKERTON and IVERsON. Myocarditis pericarditis are
briefly mentioned by KNEIDEL and SEGALL in their case 1. PINKERTON and IVER-
soN show a typical tubercular granuloma in striated skeletal muscle, a finding of
some consequence in view of the diagnostic acceptance of sarcoid from muscle
biopsies.

Organisms should be searched for by adequate methods. Pericarditis is by no
means common, considering the millions of people infected with H. capsulatum,
but in its clinical manifestations it is so spectacular that many single case reports
have appeared, giving the impression of a frequent happening. RieGeL and
SCHRIEVER recently found 17 cases of pericarditis acceptable to them as histo-
plasmic in origin. Fox described acute fibrinous pericarditis associated with specific
pleuritis in a 17-year-old girl receiving steroid therapy. In other cases massive sero-
fibrinous exudate threatened life (MURRAY and HowarD, OWEN et al., case 1;
GREGORIADES et al., Dix and GURKAYNAK), and there was need for removal of as
much as 1200 ml of exudate. The diagnosis is often tentative even after biopsy.
In a young patient whose reactions to the histoplasmin skin test had changed
from negative to positive in the presence of a high titer in the complement fixation
test, we found epithelioid-cell tubercles in a pericardial biopsy, but were unable to
demonstrate organisms on culture and microscopy. Hundreds of sections stained
with the Grocott procedure had to be called negative after many long hours of
scrutiny. Clinically and by circumstantial evidence, the patient was going through
a complication of his primary infection, but we were unable to prove it by direct
methods. A similar situation confronted LEEDOM et al.

Only two successful cultures from pericardial taps are on record (GREGORIADES
et al., WeBB and HERRING). Microscopically, in constrictive pericarditis H. cap-
sulatwm is seen more often, especially in the presence of calcific deposits. Apparently
major areas of necrosis contain large numbers of organisms that remain stainable
even when enshrined in calcium (FRIEDMAN et al., KLIEGER and FISHER, BABBIT
and WAISBREN, RIEGEL and SCHRIEVER, WoOLEY and HOSIER). Less certain cases,
basing the etiologic diagnosis on a negative tuberculin skin test and positive histo-
plasmin reaction, are published by Brrrings and CoucH, HurRwITZ and PASTOR,
McNEerNEY, WEBB and HERRING, OWEN et al. (case 1). In at least two publica-
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tions the pericarditis was reported as seeming to be associated with clinical myo-
carditis (CRAWFORD et al., FRIEDMAN et al.).

Fibrinous and serofibrinous pericarditis can develop quickly and the accumula-
tion of fluid can rapidly produce a dangerous situation. Absorption of exudate can
take place either with or without the benefit of therapy. Adhesion formation and
constriction, sometimes in the presence of calcified plaques, may be the resulting
sequela. Myocarditis has been clinically suspected in association with pericarditis,
but endocarditis does not seem to be recognized with pericarditis.

As a sequel of the primary complex, the infection may extend to mediastinal
or cervical structures. The inflammation spreads into the perilymphnodal tissue
producing cellulitis which, upon healing, becomes “‘stony hard” and encases the
local anatomic structures in a type of fibrous ‘“mediastinitis” (LuLL and WINN).
It may be impossible to determine the etiology of such cases, since the morphologic
picture of a scar almost precludes the finding of organisms in the tissues. The clinical
picture of superior vena cava obstruction, with the distended cervical and cranial
vessels and the massive edema of soft tissues, is too well known to need description
in greater detail. Obstruction of the superior vena cava proven to be due to histo-
plasmosis has been described only a few times. It is “rare in children, in adults a
curiosity” (PATE and Hammon). Most published cases of histoplasmic superior
vena caval obstruction are based on circumstantial evidence such as the skin test:
case 4 of OWEN et al., two cases of MILLER et al. 1958; (skin test and serology);
SALYER et al., two cases of MARSHAL et al., GILLESPIE; or microscopic demonstra-
tion of the organism in the mediastinal or adjacent lung (BauM and ScHWARZ, 1958),
ParE and Hammon, OWEN et al., case 3; or microscopy and culture as in a 2-year-
old child reported by GRYBOSKI et al. Reconstructive surgery of vena caval ob-
struction is not very successful because of the common tendency of transplanted
vascular structures to become again blocked.

In most reported cases, the lymph nodes of the primary complex are already
calcified and the mechanism of obstruction becomes rather hard to understand.
As a rule, caval obstruction is caused by compression of the vein between an ex-
panding mass in the right anterior mediastinum and the sternum. Secondary
thrombosis in the vein aggravates the condition or makes the obstruction com-
plete. On the one hand, it would seem that “calcified lymph nodes” have little
activity, but X-ray evidence of calcification does not necessarily indicate the ex-
tent of the calcification which may only occupy the center or a part of the lymph
node. One therefore can visualize inflammatory hyperplasia of partially calcified
lymph nodes with resultant compression of the vena cava. On the other hand, such
lymph nodes may be shrinking and, in this process, produce distortion or actual
kinking of the large but thin-walled blood vessel.

Interpretation of Indirect Diagnostic Methods

This may be the place to discuss our approach to diagnosis in cases where cul-
ture and morphologic methods are unsuccessful in demonstrating the organism.
If the patient’s reaction to histoplasmin changes from negative to positive, the
circumstantial evidence is fairly good for recent infection with H. capsulatum. But
even such a conversion — which is not often observed because of circumstances —
is no proof that the disease under scrutiny is caused by Histoplasma capsulatum,
since two independent processes can be well coexistent in the same body. A posi-
tive skin test per se, without the information of recent changeover from negative,
is diagnostically not significant except in very special circumstances, as in a posi-
tive test in a laboratory worker in a nonendemic area where the general incidence
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Fig. 29. Caseous subpleural primary focus of histoplasmosis. The overlying pleura shows only
a delicate organizing reaction. H&E X 40

of skin-reactors would be fractions of 19,. A positive serologic reaction with rising
(or even falling) titer could be used for interpretation of active (albeit subsiding)
disease.

One word of caution is needed: the positive skin test elevates in some indi-
viduals the complement fixing titer considerably and therefore can ruin the im-
munologic approach to diagnosis completely. It is therefore advisable to restrict
the use of the skin test for diagnostic purposes since little information accrues from
its performance and since it, on the contrary, can ruin the value of serologic pro-
cedures. But even under optimal circumstances, the positive complement fixation
test with rising titer will be only circumstantial evidence and its value cannot be
compared with the conclusions drawn from a positive culture or morphologic
demonstration of H. capsulatum in the lesion. It also should be pointed out that
a single serologic test will bear very little weight compared with serial serologic
tests; by preference, the complement fixation tests of sequential blood samples
should be run simultaneously in order to have strict comparison of the titer.

Closely related to the obstruction of one specialized structure, such as the
vena cava, are more widespread instances of posterior fibrous mediastinitis with
tracheal compression (Woobs) by a large mass, or with involvement of bronchial
walls and obstruction of pulmonary veins (BENNETT). In this latter case, organisms
were finally demonstrated with the Grocott stain; previously, in two independent
papers, fibrosis of undetermined origin had been accepted. Dysphagia due to ex-
trinsic pressure upon the esophagus has been attributed to histoplasmic lymph
nodes by FIFER et al., in 3 cases based on results of skin tests, serology, and X-ray.

Cynically, the supposedly “‘increasing incidence of histoplasmic mediastinitis”
might be said to exist in spite of published reports. Proof is available only in the
cases of BAuM and ScCHWARZ, BENNETT, GRYBOSKI et al., LuLL and WIiNN, OWEN
et al.

Pleural involvement in histoplasmosis is, in many respects, more discrete than
in tuberculosis (Fig. 29). The pleura covering the active primary focus sometimes
shows a few histiocytes with or without fibrinous exudate. Later, a slight opales-
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cent thickening remains. On the free surface of the lung, adhesions or bands are
rarely formed over the primary focus. If the primary lesion is close to an inter-
lobar surface, fine, easily disrupted adhesions may be found between the two
sheets of opposing visceral pleura. Major accumulation of exudate — serous or
serofibrinous — are uncommon in histoplasmosis (MILLER et al., 1961 ; Fox), which
is somewhat surprising in view of the rather prominent accumulation of fluid in the
pericardial sac during the formation of the primary infection. Empyema of the
pleura in connection with bronchopulmonary fistula or as a complication of resec-
tive surgery is an unusual complication (PoLk et al.) and contains a mixed bac-
terial flora.

Occasionally, small hard tubercles are seen in the visceral pleura surrounding
the primary subpleural focus; these represent lymphogenous satellite spread, which
is restricted to the immediate vicinity of the focus. Occasionally, the lymphangitic
pleural streaks leading from the focus to the regional lymph nodes become fibrotic
or even hyalinized and show, better than any injection of lymph spaces could, the
pathways of lymphatic spread. Pleural thickening with tubercular reaction comes
to occasional observation in biopsy material and, especially when simultaneous
cultures are initiated, the etiology can be established (ScHUB et al.).

Fig. 30. Adrenal caseation in histoplasmosis. The glands may be discretely or completely

caseated, with marked increase in size and with variable impact on the output of hormones.

Classical Addisonian symptomatology in the endemic area is probably more often caused by
histoplasmic adrenal involvement than by any other granulomatous destructive disease

Adrenals

Adrenal involvement in histoplasmosis is common, and there can be little
doubt that there is actual predilection of the yeast cells to settle in this organ.
The involvement of the adrenals can vary from isolated, inconspicuous, histiocytic
proliferation to miliary tubercles, to focal and finally, to complete caseation
(Fig. 30). Cases have been observed in which the adrenal had increased several
times in weight and was confused at autopsy with tumor or tuberculosis (EARLE



108 J. Scawarz: Histoplasmosis

Fig. 31. During primary histoplasmic infection, progressive hematogenous dissemination is
rare; when it occurs, the adrenals are seldom spared. Numerous huge macrophages filled with
yeast cells are easily recognized with adrenal separating cortical cells. There are two foci of
necrosis. Notice the yeast-containing macrophages in a small capsular vein (arrow).
H&E x 110

et al., GERBER et al., LAYTON et al., PINKERTON and IVERSON, VIVIAN et al.). In
the case of KirscH, the right adrenal weighed 280 g, the left 260 g.

In cases of complete caseation, the clinical symptomatology may be that of
Addison’s disease, which in the past was frequently associated with tuberculosis.
In the caseated adrenal gland numerous organisms are frequently found (Fig. 31).
We have observed yeast cells considerably larger than the average yeast cells of
Histoplasma capsulatum (SILVERMAN et al.). Such large cells occur also in other
necrotic tissues and have been induced in artificially autolyzed tissue explants
(ScuwARz, GOLDMAN and SCHWARZ).

The true incidence of adrenal involvement in histoplasmosis is not known at
present, but it must be high, because in all fatal disseminated cases we have found
adrenal involvement of different types. BINForD found adrenal involvement in all
but one of 22 disseminated cases, RUBIN et al. in 14 of 17 fatal cases. Of 18 cases
of Addison’s disease in Kansas, 6 were due to tuberculosis; 7, to histoplasmosis;
3, to cryptococcosis; 1, to coccidioidomycosis, and 1 was a primary atrophy
(FRENKEL). It is not surprising that the classical syndrome of Addison’s disease
does not always develop (PIERCE), since this obviously will depend greatly on the
rapidity of the destruction and particularly on the extent of the caseation of the
adrenal cortex. However, several cases are on record where all criteria for the
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diagnosis of Addison’s disease, both from clinical and laboratory observation, were
present (BROOKLER et al.; CRISPELL et al., 4 cases; FITzPATRICK and REUBER;
O’DONNELL, 2 cases; RAwWSON et al.; RUDNER and BALE). The case of MERCHANT
et al. was associated with histoplasmic endocarditis.

In our experience, several cases of adrenal involvement were observed in
elderly men who in addition had mucocutaneous histoplasmosis or extensive ulce-
ration of the mucosa of the digestive tract. This has also been noted by WEIss and
HaskeLL. However, such manifestations are just one more hematogenous locali-
zation of the disease (BAuM et al., 1957; HANSMANN and SCHENKEN). The formal
pathogenesis of adrenal involvement is most likely arterial and embolic; at least
this theory fits the best, generally accepted concept in tuberculosis, in which,
during early or late dissemination, isolated or multiple hematogenous metastases
occur. These may be found in any organ but rather frequently they localize sym-
metrically in such structures as the adrenals, the kidneys, the epididymes and the
Fallopian tubes.

In view of the common unquestionably hematogenous involvement of the
spleen in histoplasmosis, it would seem that the symmetrical adrenal involvement
is also hematogenous. The bilateral involvement of organs certainly is governed
by factors other than symmetry or simple mechanical distribution. The emboliza-
tion of organisms into a particular structure is not necessarily productive of meta-
static foci. Local and systemic factors determine the development of secondary
lesions. FRENKEL believes that the local effect of corticoids in the adrenal in-
fluences the character of the tissue response as contrasted with the morphology
observed in other organs of the same patient. Retrograde venous invasion and
lymphogenous infection are unlikely. Calcification indicates that adrenal histo-
plasmosis can heal. However, in the course of disseminated histoplasmosis, the
adrenal is only one of numerous organs involved, and unless the blood stream can
be sterilized and the production of new metastases inhibited, the outcome of the
case may be disastrous even if the foci in the adrenal should heal.

In early childhood the adrenal involvement seems to be most frequently the
result of multiple small embolic foci which secondarily exhibit confluence until
major parts of the adrenal cortex undergo caseation. On the other hand, in similar
situations, one may find a healing small tubercle, indicating that the degree of in-
volvement, either progression or arrest, is in direct proportion to the number of
embolic organisms on the one hand and immunologic reaction on the other.

The diagnosis of adrenal histoplasmosis is possible during life under certain
circumstances: first, when a patient with proven histoplasmosis develops Addi-
sonian symptoms, or second, when an Addisonian syndrome shows a negative skin
reaction to tuberculin and a positive skin reaction to histoplasmin, with a high
complement-fixation titer. In such cases the diagnosis can be only tentative, since
even in a set of circumstances as in the second example, Addison’s disease still could
be due to primary atrophy of the adrenal glands. Histoplasma capsulatum and
Blastomyces dermatitidis were found side by side in an almost completely necrotic
adrenal (LayToN et al.).

Mucocutaneous Histoplasmosis

Mucocutaneous lesions, while not uncommon, are not as prominent in histo-
plasmosis as in two other deep fungus diseases, namely North and South American
blastomycosis. In chronic and disseminated histoplasmosis, ulcers of the tongue,
the palate, and the nasal septum occur, and physicians in the endemic area will
do well to consider histoplasmosis in the differential diagnosis of any chronic
mucosal defect (BENNETT, 1968).
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Erythema Nodosum and Multiforme. During primary infection, erythema no-
dosum and multiforme may develop, and recent reports have been frequent. The
explanation given is that previously, major epidemics were not defined with such
promptness as in the Greenwood outbreak (SELLERS et al.), and that the recently
reported occurrences of such erythematous lesions have been due to better reco-
gnition rather than to a change of pattern of histoplasmosis. In three outbreaks
(LEZNOFF et al., SELLERS et al., MEDEIROS et al.), of 73 females and 11 males, 16
had erythema nodosum, 52 had erythema multiforme, and 16 had both forms.
There was good evidence of the association of these lesions with primary histo-
plasmosis in most, if not all, of the patients. Isolated cases of erythema nodosum
and multiforme have been recognized in connection with primary histoplasmosis
by Drckie and MurPHY, SasLaw and BEMAN, SALFELDER (1964), NuTaLL-
SmrrH, LitTLE and STEIGMAN, HEILBRUNN and CaiN, MurraYy and HowaRrD.

Exfoliative Dermatitis. Another cutaneous involvement, exfoliative dermatitis,
was present in the case published by HaANsSMANN and SCHENKEN in 1934, and has
been redescribed, in 1953, by Fox.

Primary Accidental Cutaneous Histoplasmosis. The exceptional occurrence of
primary inoculation of H. capsulatum into the skin and mucosa is undeniable under
(accidental) “‘experimental” conditions, when misdirected culture material from
needles finds its way into the skin (TosH et al., TESH and SCHNEIDAU), or con-
junctiva (SPICKNALL et al.). SPICKNALL et al. reported (case 2) a 36-year-old male
who sprayed a suspension of H. capsulatwm into the conjunctival sac of his right
eye while he was injecting the aortic valve of a dog. Six days later he felt soreness
at the angle of the right mandible; after another 4 days there was edeme of the
palpebral conjunctiva and upper lid with profuse lacrimation. The preauricular
and upper anterior cervical lymph nodes were painful, tender, and enlarged. A skin
test, which had been negative for histoplasmosis on the day of admission, was
positive 10 days later. There was a shallow ulcer over the upper border of the tarsal
plate, which healed within 5 days. Culture and complement-fixation tests were at
all times negative.

Such well-defined instances of primary mucocutaneous histoplasmosis should
be clearly separated from the unwarranted implication of cutaneous primary in-
fection in the average clinical case, where no definite source for percutaneous
entrance of the organisms exists. A reported case of assumed primary vulvar histo-
plasmosis is not acceptable to us for lack of supporting data. The autopsy protocol
is sketchy, and the findings in the lungs are not mentioned (STaNKATTIS and
McCUSKEY).

Two cases similar to syphilitic chancre are often cited as histoplasmic primary penile
lesions (CURTIS and CAWLEY), but only the first case is a proven histoplasmosis and it can not
be claimed as an unquestionable primary lesion. Prepucial involvement was apparently of
secondary nature in a widely disseminated case (PALMER et al.).

A primary cutaneous histoplasmosis was diagnosed in a small boy (BARQUET et al.) with
an ulcer of the left heel with widespread lymph node swelling, of the axiliary, cervical, intra-
abdominal, and especially of the right inguinal region. In childhood, peripheral lymph nodes
swell, sometimes to very considerable size, even after proven pulmonary infection (SILVERMAN
et al.) and the lymphadenitis in this boy can therefore not be accepted as proof of a heel-inguinal
primary complex, as 1) the inguinal lymph node swelling was bilateral, but more pronounced
contralateral to the leg ulcer, and 2) the general lymphadenopathy precludes interpretation of
connection with the leg ulcer.

The reasons for insisting upon the rarity of primary cutaneous histoplasmosis,
i.e. spontaneous inoculation from nature, are both obvious and logical. In the case
of a primary focus, the regional lymph nodes swell. This has been observed in the
few cases of accidental infection in the laboratory (TosH et al., TEsH and SCHNEI-
DAU). Moreover, we were able to reproduce the lymph node swelling in animals
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(SALFELDER and ScHWARzZ, 1965). Therefore, an ulcer of the skin or mucous mem-
branes will be acceptable as a primary histoplasmic chancre only if the regional
lymph nodes show simultaneous involvement. The lung in such a case must be
free of lesions in order to make the case acceptable as primary cutaneous histo-
plasmosis.

Mucocutaneous Histoplasmosis. The laryngeal, lingual, buccal, pharyngeal, or
labial erosions and ulcers have one common denominator: they are found together
and dependent on chronic pulmonary histoplasmosis which is frequently cavitary
(Baumetal.,, 1957; DROUHET et al., 1962 ; GREENDYKE and KALTREIDER ; PIERINI;
WEED and PARKHILL; BENNETT, 1968). Some, probably the majority, are of
hematogenous origin; others may represent an autoinoculation of fungus-contain-
ing sputum into superficial wounds and infections of the mouth. We have seen non-
specific-appearing, flat, histoplasmic lesions of the mucosa at the nasal entrance
and around the anus. Identification is facilitated by the knowledge that there is
disseminated histoplasmosis and by a biopsy of the lesion. Even biopsy may be dis-
appointing, unless special stains are used with regularity, since the morphologic
picture sometimes differs from that of nonspecific lesions only by the presence of
yeast-containing histiocytes, which are not necessarily numerous or in groups or
nodules. Histoplasmic ulcers may occur on the borders of at the base of the tongue,
and are often suspected of being luetic. Simple contact smears, made by holding
a clean slide against the lesion, give excellent results when stained with the Wright
or Giemsa method. They represent the stains of choice in this situation, since they
permit differentiation from Leishmania organisms, a highly desirable distinction
in the mucosa of the oropharynx. The absence of the kinetoplast in H. capsulatum
was already known to DARLING in 1905.

Leishmania occurs in the skin also and requires differential diagnosis. Leish-
maniasis of the chin in an Italian girl was first diagnosed as histoplasmosis but
finally recognized for what it was (Woo and REIMANN).

If ulcerations, either of the skin or of the mucosa, exist, smears or contact pre-
parations give rapid information (PLoTnIcK and CErrI). Biopsies can expedite
diagnosis (WEED and PARKHILL), and cultures should be obtained.

Larynx

The upper respiratory tract is frequently involved in disseminated and chronic
cavitary histoplasmosis (BENNETT, 1968). In some instances, massive papillary and
ulcerative laryngitis has extended into the pyriform sinuses (HuLsE, GAMMEL and
BrECKENRIDGE). Other cases extended from the larynx into the trachea and main
bronchi (SonEs et al., Kine and CLINE). Less spectacular cases affecting only parts
of the larynx in more discrete form are more frequent (WITHERS et al., FurcoLow,
Van PErNIs, PARKES and BURTOFF, CHARR, BURTON and WALLENBORN). BEEMAN
and CHANG found a bulging mass on X-ray pressing against the larynx, with a small
ulcer on the epiglottis. Histoplasmosis of the larynx was erroneously diagnosed
in a 42-year-old man, and only after 4 biopsies recognized as leishmaniasis (ZINNE-
MAN et al.).

It should be unnecessary to emphasize that laryngeal lesions are complications
of pulmonary disease and should not be interpreted as primary, even if clinically
the hoarseness may be more impressive than the pulmonary lesion. Especially in
biopsy specimens, the diagnosis can be difficult to ascertain unless special stains
are routinely studied in ulcerative lesions of necrotic or ganulomatous character.
In addition to mucosal ulceration in trachea and bronchi, perforation of caseous
lymph nodes is found, with a surprisingly high healing rate, to judge from the
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common finding of pigmented scars in these tubular structures. The obvious differ-
ential diagnosis in the larynx includes tuberculosis, leishmaniasis; neoplasm, other
fungus diseases and rarer lesions.

Gastrointestinal Tract

The gastrointestinal tract has been found involved frequently in disseminated
histoplasmosis ever since DARLING’s first case. Beginning with erosions or ulcers
around the lips and ending with anal lesions, every part of the digestive system
has been found infected by histoplasmosis. Whether primary intestinal infection
ever occurs is not known; no acceptable case is on record. This seems to indicate
that primary intestinal histoplasmosis, if it occurs at all, must be an exceptional
rarity. One case (MARTz) in a 3-year-old girl was considered to be of intestinal
origin, because the lungs seemed negative at autopsy. However, considering our
rather rudimentary knowledge of the disease in 1947, we feel that the intestinal
origin in this case is not proven beyond reasonable doubt. In order to accept in-
testinal infection (as well as any other extrapulmonary location) as primary, the
point of entry should show an ulcer or scar, with distinct reaction in the regional
lymph nodes. The lung should be negative on careful examination, following X-ray
taken after removal of the lung from the body. Even experienced eyes and hands
can miss a soft (not calcified) lesion in the lung.

A few words must be said about an article by RAFTERY et al., who reported that 58 of
1173 acutely inflamed and 35 of 768 chronically inflamed appendices were morphologically
positive for H. capsulatum. Much time and effort had to be spent to disprove this claim. Cul-
tural and morphologic study, by CHRISTOPHERSON et al., of 100 appendices was completely
negative, as was the additional search in 512 appendices with the PAS method. EMmons and
MarTERN (1955) had completely negative results on 500 appendices.

Neither are the claims of CoLLINs substantiated by culture, special stains, or pictures.
CoLLINs reported that 3905 (7.8%,) of 50,000 appendices, collected in different institutions,
were diagnosed as positive for H. capsulatum by ‘“‘scores of pathologists.” He gives no data
about the way the diagnosis was made. In view of his subsequent statements, considering a
“starry sky pattern” as diagnostic for histoplasmosis, the complete lack of confirmatory
evidence in material examined by CHRISTOPHERSON et al. and EMmoNs and MATTERN (1955),
and the complete absence of histoplasmosis in appendiceal examination, in cases not suffering
from disseminated histoplasmosis, in our own thousands of specimens, those claims must be
without scientific foundation.

Much confusion to neophytes, who got their introduction to the problem by the rather
copious output of CoLLINS, has been wrought by his reports and those of RAFTERY; however,
no confirmation has come from any quarter. Enthusiasm is no substitute for scientific facts!

Prior to 1953 (GrIDLEY) and 1955 (Grocort), Histoplasma was not easily detected in
tissues, and if special stains are not used, a diagnosis of histoplasmosis in lymphoreticular
tissue cannot, in our opinion, be justified. Hence CoLLINS’ continuous emphasis on the fre-
quency of histoplasmosis in a variety of disorders like mesenteric lymphadenitis and anorectal
disease cannot be accepted in the light of the more recent studies cited above.

The most spectacular and direct cause of death from gastrointestinal histoplasmosis was
a bleeding gastric ulcer (F1rzraTRICK and NEIMAN); sudden death was precipitated by perfora-
tion of ulcers. Several cases on record were located in the ileum with resulting abscesses or
peritonitis (FISCHER et al., HENDERSON et al., MORGAN and SHAPIRO, STURIM et al.). In the
above cases the ileitis was only part of a widespread intestinal and systemic involvement. Per-
foration in midjejunum was reported by SHULL. In turn, esophageal and gastric ulcers are as
a rule associated with lesions in the lower intestinal segments (WEED et al., WoRGAN, STURIM
et al.).

Little proof of the etiology is found in a case of a 6-year-old child with recurrent intussus-
ception supposedly associated with histoplasmosis of Peyer’s patches (CARMONA and ALLEN).
Perforation of esophagus and ileum was found in a case of histoplasmosis of the tongue, but
apparently the perforations were the result of tuberculous infection (PEABODY and BUECHNER).
A radiologic description of 5 ulcerative intestinal lesions is well documented by culture or
examination of the resection specimens. Ulcerative lesions were seen in stomach, small and
large bowel, respectively (PEREZ et al.). Tumor-like gastric lesions were observed in disse-
minated histoplasmosis by PaRsoNs and ZARAFONETIS and by NUDELMAN and RARKATANSKY.
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Fig. 32. Multiple colonic ulcers in infantile histoplasmosis. Mesenteric and mesocolic lymph

nodes were massively enlarged and necrotic, but so were numerous peripheral groups of lymph-

nodes, illustrating the occurence of huge lymphadenopathies in disseminated histoplasmosis.

The focal occurrence of large external lymph-node clusters may mislead the investigator to-

ward an apparent primary skin lesion. This child had a classical semiactive pulmonary primary
complex

In the latter case constrictive lesions existed also in the jejunum. A small-bowel lesion with
giant intestinal villi, which were not only enlarged but also flat-topped, seemed associated with
protein-loosing enteropathy (BANK et al.). Much of the increase in volume was due to massive
infiltrates of the villi by macrophages.

BEeRsack et al. found inflammatory polypous lesions due to histoplasmosis in a 63-year-old
man who died with widespread histoplasmosis. Lesions were seen on X-ray throughout the
intestinal tract, distal from the duodenum. Again, macrophages filled with yeast cells domi-
nated the morphologic alterations. The polypous tendency was seen in both ureters. The pig-
mentation almost certainly was related to extensive histoplasmic destruction of the adrenals.

Granulomatous enteritis is reviewed, and a case added by DEIBERT. In chronic
disseminated disease the digestive tract participates prominently under a great
variety of pathology, from shallow superficial erosions in the oropharyngeal area
to deep ulcers in the tongue, ulcers or intramural lesions (HiNsHAW and GUILFOIL)
in the esophagus, and stomach, with or without associated hemorrhage. In children,
intestinal ulcers can be legion, with masses of prominent mesenteric lymphadenitis
sometimes reaching diameters of 8—10cm (Figs. 32, 33). In adults, widespread in-
testinal ulceration has been observed in all parts of the small and large bowel, in-
cluding the rectum and anus. In view of evidence in personally examined cases
(SILVERMAN et al.), that intestinal lesions are often hematogenous in origin, since
tubercular lesions in the submucosa were found to slowly open a path to the lumen,
the pathogenesis, at least of disseminated cases, is not by deglutition (Fig. 34).
However, such an origin in cases of cavitary pulmonary lesions containing myriads
of organisms must also be considered. The impossibility of intestinal ‘“‘takes’ was
documented in 3 monkeys by SasLaw et al.

Handbuch der pathologischen Anatomie IT1/5 8



Fig. 33. Massive histoplasmic infiltration by yeast-laden histiocytes of the mucosa of the small
bowel in a 10-month-old infant. The folds become flattened, thickened, and eroded. H &E x 70

Fig. 34. Histoplasmic intestinal ulcers, frequently present in chronic cases of adults and in

disseminated infantile histoplasmosis, are clearly secondary. In this instance, multiple sub-

mucosal hematogenous foci were demonstrated, some of which were breaking through the
muscularis mucosae and opening into the lumen of the bowel. H&E X 160
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Genitourinary System

The kidney shows foci of histoplasmosis of various forms in disseminated
disease. Isolated macrophages filled with yeast cells, caught in the capillary tufts
of isolated glomeruli (RAMSEY and APPLEBAUM; SCHULZ, 1954; WEED et al.) are
found comparatively often. Frequently the macrophages seem recent arrivals, to
judge from the absence of inflammatory reaction. Rarely a few leukocytes are
found reacting to the intruding yeast cells, and we have seen occasional giant cells
trying to engulf the organisms.

A more conspicuous picture is the presence of necrotic interstitial foci with or
without associated granulomatous reaction (Davis and Ripka, FrrzraTRrICK and
REUBER, KirscH). The hematogenous nature is obvious from the multiplicity of
the foci, the presence of similar foci in other organs and the equal (approximate)
size of the lesions. Rarely have we seen in such instances metastases in the glome-
ruli and rupture of interstitial foci into tubules.

A most unusual case from Japan was recently reported by WiLL et al. In a
74-year-old native, who had spent many years in Malaysia and India, a destructive
papillitis with huge numbers of yeast cells was found. The organisms were quite
consistent in size, shape, and staining properties with H. capsulatum. Attempts
to obtain fluorescent antibody staining were negative in KapLaN’s laboratory
(C.D.C. Atlanta) and in ours. However, fluorescent antibody staining is frequently
negative on formalin-fixed material. One unusual feature was the overwhelming
number of organisms, both intra- and extracellular. The man had a small pul-
monary cavity without demonstrable causative agents. Less spectacular but con-
siderable papillitis in widely disseminated disease has been reported repeatedly
(BinrorD, 3 examples in a series of 22 disseminated cases; Post et al., VIviax
et al.).

Tatrogenic, acute disseminated histoplasmosis was induced by the transplanta-
tion of kidneys from a cadaver, thought to have only thrombocytic purpura, into a
patient with glomerulonephritis (Hoob et al.), and in a second case in the kidney
of an unrelated donor (PARk et al.). Donor and recipient in Hoop’s case had at
autopsy disseminated histoplasmosis, with hepatic phagocytes full of yeast cells
in the recipient. The picture of the overwhelming hepatic involvement is reminis-
cent of the pathology seen in experimental animals a few weeks after massive in-
travenous infection. Death occurred 14 days after transplantation and the kidneys
were so badly damaged that no conclusion from histologic study was possible
(Hoob et al.). PARK’s patient died with widespread lesions of histoplasmosis.

A quite different, but still iatrogenic renal damage, is a typical complication of
amphotericin B therapy of histoplasmosis. This drug, a polyene antifungal anti-
biotic isolated in 1955 by GoLD et al., has saved many lives and damaged many
kidneys.

BuTLER et al., in a review of 81 patients on amphotericin B, noted increase of
the blood urea nitrogen (BUN) and 939, and of creatinine in 83%,. The increase
was in direct proportion to the total dose of drug given. Of 26 patients studied, 24
had tubular damage extending to necrosis and calcium deposits. The authors feel
that the functional and anatomic damage is at least in part irreversible. Ampho-
tericin given to dogs resulted in marked renal vasoconstriction, with decrease of
renal blood flow, glomerular filtration rate (GFR), and profound depression of
inulin clearance (BUTLER et al.). Nephrotoxic tubular damage in 7 patients treated
with amphotericin B associated with calcium deposits in proximal and distal con-
voluted tubules, in the presence of degenerative tubular changes, had progressed

8*
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all the way to necrosis of tubular epithelium (see also McCurpY et al.). No in-
flammation or giant cells around the calcium were seen.

BELL et al., in a well-planned study, showed decrease of renal function with
amphotericin B therapy as measured by inulin clearance, para-aminohippurate
clearance, concentrating ability, and increase of BUN and creatinine levels. Return
to pretreatment levels was the rule and the decrease in GFR was considered to be
reversible (1961). It is assumed that the mechanism of increased permeability due
to amphotericin affects not only the wall of fungal but also of tissue cells, per-
mitting the escape of sodium, potassium chloride, and thiourea (LICHTENSTEIN
and LEar).

The prostate is sometimes involved in disseminated histoplasmosis of adults
(FrrzpaTrick and REUBER, RUBIN et al., STIFF, WoRGAN), but the participation
is only minor and part of the widespread disease. Sometimes macrophages with
organisms are seen filling the prostatic glands, but more often the phagocytes are
found in small numbers in the interstitium of the organ. Much the same is true in
reference to testis and epididymis. Involvement is rare, inconspicuous, and asymp-
tomatic. Ovary and fallopian tubes escape similarly prominent localization by
H. capsulatum, in contrast with the common salpingitis in disseminated tuber-
culosis. We were unable to find reports on uterine histoplasmosis. WINCKEL et al.
have reported 719, of 31 curettings as histoplasmosis in women with menstrual
disturbances. In view of the lack of cultural or serologic findings, and of special
stains, and of the confirmation by other observers within the endemic area, the
report must be put in the same class as the undocumented papers of CoLLINs and
of RAFTERY.

Gass et al. have reported on 2 placentas from a 31-year-old woman who had
active cavitary histoplasmosis during both pregnancies. Cultures from the placenta
were negative, but complement-fixing antibodies were found in the two infants
(ZEIDBERG et al.).

In massive experimental intratracheal inoculation in two pregnant Macaca
mulatta, death occurred after 7 days. Cultures were positive from both placentas,
but negative from the organs of the foetuses (SasLaw et al.).

Brain, Meninges and Eye

Meningitis is proportionally less prominent in histoplasmosis than in crypto-
coccosis and coccidioidomycosis, and the available data do not permit con-
clusive statements about the pathogenesis. Little or no work has been done
to elucidate whether underlying nodular lesions (histoplasmomas) are com-
monly found in the brain substance causing meningitis, in analogy to the con-
vincing findings in tuberculous meningitis (R1caH and McCorpock, ScHWARZ). We,
therefore, must simply state that the occasional cases of histoplasmic meningitis
are commonly associated with disseminated disease and expressions of hemato-
genous seeding — leaving in the air the question whether this occurs by capillary
embolism or from intracerebral histoplasmomas.

Plasma cells and lymphocytes are found in the meninges, and granulomatous
arteritis, similar to the well-known lesions in tuberculous meningitis, occurs either
focally or in diffuse form (GERBER et al.). Necrosis of part or all of the arterial wall,
with a variety of cell infiltrates, has been observed (Fig. 35). In cases of histo-
plasmic endocarditis, meningitis will be a complication to be anticipated (GERBER
et al.). The largest clinical series of 5 cases of histoplasmic meningitis (TYNES et al.)
occurred in male adults. Brain involvement at autopsy was as high as 6 of 11



Brain, Meninges and Eye 117

Fig. 35. Histoplasmic meningitis, with perivascular cuffs and necrosis of vascular walls. No
information exists as to whether meningitis is always associated with underlaying encephalic
granulomas or not. H&E X 160

patients dead of disseminated disease (SHAPIRO et al.), or 5 of 17 patients (RUBIN
et al.) and 12 of 120 reviewed autopsies (ScHULzZ, 1953). Small granulomata pro-
jecting from the tela chorioidea into the fourth ventricle are in every cellular aspect
comparable to tuberculous lesions, except for the causative agent. On the other
hand, examples of solitary granulomas in the brain are on record, as in the case of
GREER et al., in which a 46-year-old man had had surgical removal of a “tumor”
2 c¢m in diameter, located in the frontal cortex near the Sylvian fissure, that turned
out to be a histoplasma by cultural and morphological identification.

Multiple, histoplasmomas in the brain substance have also been noted (Frrz-
PATRICK and REUBER, VosT and MoorE, WHITE and FRITZLEN), and in the cere-
bellum by BripeEs and EcHoLs. Two cases of histoplasmoma were described by
Coorer and GoLDSTEIN. They also tabulated a review of the literature up to 1963
of 20 cases of central nervous system involvement in persons of 4 months to 75
years of age. SNYDER and WHITE observed a 5-year-old boy with meningitic para-
lysis of both legs; whether, as assumed, the neurologic findings were primarily or
exclusively due to intrathecal amphotericin therapy seems open to question. A
case report of myelin degeneration after therapy falls into the same dubious cate-
gory (HaBER and JosEPH). The cell count is seldom above 200—300, the majority
lymphocytes; the pressure and protein are generally elevated, glucose only occa-
sionally decreased. Cultures from spinal fluid are not always positive in histo-
plasmic meningitis, in view of the small number of organisms, This same reason
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explains the appearance of colonies as late as 50 or more days after inoculation of
media (GERBER et al.).

Changes of intense arteritis of the meningeal vessels resemble in their entirety
the findings in tuberculosis; the smaller arteries are predominantly involved
(SPROFKIN et al.). Adventitia and media show polymorphonuclear leucocytes,
macrophages, and fibrinoid necrosis. Subendothelial infiltrates and endothelial pro-
liferation are commonplace. Perineuritic inflammation extends from the cerebro-
spinal leptomeninges for variable stretches along the cranial nerves. Granuloma-
tous, sometimes necrotic, lesions are found also in the large basal cisterns. The
exudate in the leptomeninges and the cisterns varies from polymorphonuclear to
mononuclear, apparently in relation to the age of the meningeal involvement.
Large macrophages with numerous yeast cells help to establish the diagnosis.
Sometimes the meninges can be grossly deceivingly transparent or only slightly
turbid, only to show on microscopy scattered single or groups of histiocytes with
yeast cells. Lymphocates in such minimal meningitis may be scarce.

A complicated case of mixed infection with H. capsulatum and Cryptococcus
neoformans was reported by Morris et al. Cryptococcus was cultured 6 times from
the spinal fluid during life, but at autopsy only pulmonary cryptococcosis was
found. The brain had a necrotic focus in the region of one putamen with H. capsu-
latum in the lesion.

Meningoencephalitis with perivascular, often eccentrically arranged cuffs, has
been seen in the brain stem and base of the brain of a 14-year-old boy. Granulo-
matous lesions in the perivascular cuffs contained phagocytes packed with or-
ganisms, mononuclear cells, epithelioid cells, foci of necrosis, but no giant cells
(ScruLz, 1953). In widely disseminated cases, the pituitary shows a few scattered
macrophages with yeast cells. The same can be said of the parathyroid, thyroid
(Locker et al.; ScHULZ, 1953, case 1), and the thymus. Of the endocrine organs,
symptomatic disease seems to be located only in the adrenals.

The Eye: Histoplasmic eye involvement is postulated by ophthalmologists in
the United States with considerable frequency (Farrs and GILEs, JARvVIS and
McCurLocH, KrRAUSE and HoPKINS, MACKLEY et al., MANN, SCHLAEGEL, SCHLAE-
6EL and KENNEY, VAN METRE et al., VAN METRE and MAUMENEE, WALMA and
SCHLAEGEL, WooDs and WAHLEN) ; and several medical centers in the endemic area
have special clinics for “‘histoplasmic eye involvement.” This postulate is not borne
out up to now by anatomic evidence, although such patients show consistently
small chorioretinal foci in the center or periphery of the fundus on ophthalmoscopy.

H. capsulatum has been demonstrated in the eye in spontaneous histoplasmosis
of men, only once (HoEFNAGELS and P1yPERS), and the sometimes impressive
clinical correlation is based on indirect evidence, specifically a positive skin test,
complement fixation, and the occasional observation of petechia in the choroid or
retina after histoplasmin is injected intradermally. In dogs, granulomatous lesions
have been observed after experimental histoplasmic aortic endocarditis (SALFELDER
et al.). In pigeons, chickens, and rabbits, histoplasmic ophthalmitis with a great
variety of tissue response has been induced with intraocular infection (SETHI and
ScawaRrz, SINGER and SmrTH, SMITH and JoNES). After sensitization and challenge
by dead or living H. capsulatum or even histoplasmin, violent reactions could be
elicited in rat eyes, which were interpreted as immunogenic ophthalmitis (OxuU-
pATRA and ScHWARz). The experimental response, especially to histoplasmin,
would lend support to the clinical hypothesis of immunogenic ophthalmitis in men.
Intraperitoneally sensitized rats reacted to the intraocular challenge with histo-
plasmin, with outpouring of fibrinous and mononuclear exudate into the anterior
chamber, nodular iridocyeclitis and perivascular infiltrates, and hemorrhages in the
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optic nerve head (OkUDAIRA and ScEWARZ). The response was both ophthalmo-
scopically and anatomically compatible with a hypersensitization reaction.

If the clinically postulated histoplasmic eye syndrome exists, it would, in all
likelihood, be of immunogenic character, not infectious, and organisms would not
be expected to be present in the eye. The pathogenic relationship will be therefore
always hard to establish. The lesions on ophthalmoscopy are generally described
assmall, scattered yellowish to greyish spots, with or without macular involvement.
ScHLAEGEL and KENNY go even so far as to subdivide the macular involvement
into diffuse, nodular, mixed, and hemorrhagic. Except for the hemorrhagic cases,
little symptomatology was observed in this series. Our knowledge is severely li-
mited by the paucity of available anatomic material, since eyes in this clinical con-
dition are not enucleated ; further, in cases of disseminated histoplasmosis, per-
mission for removal of the eyes at autopsy is seldom requested and hard to obtain.
Scars considered specific by clinical observers turned out completely nonspecific
in one such eye we examined (the patient had such lesions bilaterally), when the
eye removed for reasons other than histoplasmosis.

The problem is of great interest Leinfelder and importance in view of impair-
ment of sight or even blindness, which occurs mostly in young patients; but unless
anatomic material becomes more abundant, the morphologist will not be able to
contribute a decisison. MAKLEY et al., for instance, reported 79 cases with chorio-
retinitis of presumed histoplasmic origin. Forty-one had bilateral lesions and in 19,
both maculas were involved. All 79 had a positive histoplasmin skin test, but only
5 reacted to tuberculin. SPAETH questioned the existence of histoplasmic ureitis
from observations on 34 cases of proven histoplasmosis. The pressure on the physi-
cian to provide therapy and the unquestionable need for treatment have led to
certain polypragmatisms. If the lesions are at all related to histoplasmosis, they
would in all likelihood be hypersensitivity reactions rather than true mycotic
granulomatous disease. This, then, would preclude results from amphotericin
therapy (MAKLEY, SCHLAEGEL, discussion of MAKLEY, GILES).

Associated Diseases

The problem of the association of histoplasmosis with lymphoma is discussed
elsewhere. Sarcoid, that melting pot of granulomatous diseases without recogniz-
able etiology, must be often ““caused” by H. capsulatum (PINKERTON and IVERSON),
but indeed such cases are not sarcoid at all, but histoplasmosis under the morpho-
logic appearance of a sarcoid. The more special stains are used and attempts at
culture are made in clinical cases of ‘“‘sarcoid,” the more etiologic agents will be
unmasked (ISRAEL et al., BurrLock and Ray, ENGLE, REIMANN and PRrICE,
SYMMERS).

Special mention should be made of the small forms of Blastomyces dermatitidis,
which by simple measurements very closely resemble H. capsulatum (MANWARING ;
ScawaRrz, 1953 ; TompkINS and SCHLEIFSTEIN; WEED, 1953). This becomes even
more of a problem of differentiation, if one considers the presence of large forms of
H. capsulatum as occasionally found in necrotic foci or heart valves (BINFORD;
ScHWARZ, 1953 ; SILVERMAN et al.), not to speak of the possible confusion between
H. duboisit and B. dermatitidis in tissues. The fluorescent antibody technique,
when applicable in fixed tissues, may be (in the absence of cultures) the safest
method of conclusive differentiation. H. capsulatum and H. duboisii are uninuclear,
a fact recognizable in well-fixed tissue. Several poorly defined pulmonary granulo-
matous diseases: pigeon-breeders lung (REED et al.), farmers lung (Dickie and
RANKIN), mushroom workers disease (BRINHURST et al.), byssinosis (TUFFNELL),
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feather sorters disease (PLESSNER), and others, may well have clinical and radio-
logic pictures suspiciously similar to epidemic acute histoplasmosis. Clarification
cannot be expected without thorough cultural, epidemiologic, and morphologic
work which is missing in most of the above citations.

Histoplasmosis, at least in part due to its ubiquitousness, is found associated
with a host of other diseases, including other deep mycoses. H. capsulatum and
Blastomyces dermatitidis was recovered from the same sputum specimen of one
patient by ALLISON et al., and from 5 patients of BRANDSBERG et al. Dual infec-
tion at autopsy needs specific definition concerning the activity of the histoplasmic
lesion, since healed histoplasmic lesions in the presence of active widespread blasto-
mycosis hardly fall into the same category as truly dual disseminated disease
(BRANDSBERG et al.; LayToN et al.; ZIMMERMAN, 1957). Tuberculosis in association
with histoplasmosis is of considerable clinical importance, since the concomitance
of the two diseases will preclude cure if only one organism is attacked by anti-
biotic therapy. We are far from having established figures on the true incidence
of this combination, but numerous reports have been made (BEATTY et al.;
CoNRAD et al., 2 cases ; LARKIN and PHILLIPS ; F1TZPATRICK and REUBER; GOODWIN
et al., 14 cases; MELENEY; MURRAY and BranDT, 1951; ORR and WiLsox; PEa-
BoDY and BUECHNER ; PoLK et al., 3 cases; PosT et al.; SALIBA et al.; ScHULZ, 1954,
4 cases; SUTLIFF et al., 1953 ; SWEANY et al., 1958; VIVIAN et al.; GooDWIN et al.,
24 cases); hence in the endemic area the finding of H. capsulatum in a cavity should
call for repeated smears and cultures to rule out concomitant tuberculosis.

H. capsulatum and a scotochromogenic mycobacterium were cultured from
cervical adenitis in a 2-year-old girl (HueHES). Cryptococcosis and histoplasmosis
have been associated (FRENKEL, MIDER et al., MORRIS et al., VIviaN et al,
ZimMERMAN and RaPPAPORT) and even cryptococcosis, tuberculosis, and histo-
plasmosis (RODGER et al.). A case was described by WinsLow and HATHAWAY as
having a healed primary focus of histoplasmosis, teeming with organisms, next to
pulmonary lesions containing a mixture of Cryptococcus neoformans and Pneumo-
cystis carinii. Histoplasmosis and coccidioidomycosis were found in the same
sputum by PERRY et al. A peculiar granulomatosis in childhood, which shows
morphology consistent with infectious granuloma, has resisted etiologic clarifica-
tion (BERENDES et al.). This suppurative, lethal, lymphadenitis, with necrosis and
giant cells, and pulmonary and hepatic lesions must be considered in differential
diagnosis of histoplasmosis.

Even under optimal conditions technical difficulties remain mountainous and
are hard to overcome. H. capsulatum is easily cultured only from biopsy material
and from the sputum of cavitary cases; sputum of noncavitary cases will rarely
give positive results. Blood and bone-marrow cultures, beyond the infantile form
of progressive disease and beyond histoplasmic endocarditis, will be little reward-
ing. And even in the two pathologic forms, repeated cultures and prolonged search
on smears may be necessary before success rewards the effort. It must be stated
clearly (and repetitiously) that the granulation tissue produced by H. capsulatum
is in no way unique or specific (VIvian et al.). The epithelioid-cell tubercles caused
by H. capsulatum in lung, lymph nodes (especially cervical), liver, and kidney
appear identical to the lesions seen in tuberculosis, blastomycosis, berylliosis, and
what is called sarcoid. Organisms in noncaseating epithelioid-cell tubercles are
scarce or absent, and unless cultures for fungi and bacteria are made systematically
at autopsy and from biopsy material, many cases will figure as “‘granuloma of
unknown etiology.”

Caseated lesions especially seen in lung and lymph nodes are generally full of
organisms, and therefore can be recognized easily with the proper special stains
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(GrocorT, GRIDLEY). The morphologic character of the caseated lesion is not only
indistinguishable from that of tuberculosis but also from blastomycosis and cocci-
dioidomycosis. Sometimes the necrosis is combined with suppuration and becomes
similar to the pathology seen in cat scratch disease, tularemia, and lymphopathia
venereum. It is virtually hopeless to attempt to differentiate these various lesions
without positive cultural and staining support. Sometimes history, skin test, and
CFT must suffice for a tentative classification. The caseation of the foci of the
primary complex, both in lung and lymph nodes, is more discrete in histoplasmosis
than in tuberculosis. The large size of the histoplasmic primary complex in com-
parison to the tuberculous (Ghon) complex has been mentioned repeatedly. The
cavitary lesions also are identical to those seen in tuberculosis, coccidioidomycosis,
and some of the less-common granulomas.

Small multiple acute excavations can sometimes be seen in what can be de-
scribed best as “‘gelatinous pneumonia.” Older cavities have thick walls, bronchi,
and vessels crossing the cavity,and the exudate found in the lesions is in no way
different from that of the “competing’ diseases. In coccidioidomycosis even large
cavities sometimes have thin walls, but this is by no means constant. Examination
of the cavitary wall will show occasional reepithelization or, on the contrary,
superficial ulceration with necrotic exudate covering the defect. Organisms may be
numerous in this pseudomembrane, but scarce or absent in the wall proper. The
etiology of chronic fibrosing or fibrotic lesions is impossible to determine, and we
shall have to leave it as “scars are scars.” No organisms are ever seen in the com-
mon fibrous and fibrohyaline pulmonary, mediastinal, and similar scars; only if
calcification is found can organisms be expected to be demonstrable.

Miliary nodules in the leptomeninges are seldom seen in histoplasmosis asso-
ciated with meningitis, but otherwise the exudate and its localization could pass
for tuberculosis. The vasculitis has been referred to repeatedly.

Endocarditis of histoplasmic origin has the morphologic appearance of bacterial
endocarditis, and only the demonstration of H. capsulatum will lead to recognition
of the etiology.

The pathologic anatomy of histoplasmosis historically has been constantly
compared with that of tuberculosis, a disease studied for centuries and by the best
of pathologists. The knowledge acquired in histoplasmosis has been accelerated
by the possibility of analogies and shortcuts available by comparing notes from the
studies of tuberculosis. But the detailed knowledge available from the protocols
of thousands of autopsies in tuberculosis will quantitatively be never reached, for
histoplasmosis, not only because of limitations of material but also because modern
trends have switched the spotlight considerably from classical anatomic changes.
Yet identification of histoplasmosis offers possibilities that are not available in
tuberculosis: specifically, the facility of demonstrating H. capsulatum with the
Grocott procedure, permitting one to follow the protean metamorphoses of the
yeast with much greater precision than was ever possible with Mycobacterium
tuberculosts.
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African Histoplasmosis (Part 1)

G. M. EDINGTON, Ibadan, Nigeria

With 1 Figure

African histoplasmosis is a mycosis caused by infection with Histoplasma
duboistii, a species of the genus Histoplasma.

Nodular and ulcerative processes in the skin, and osteolytic lesions of bone,
either localised or disseminated, are the most common presenting features of
African histoplasmosis.

Historical: The first patient suffering from H. duboisii infection was described by BrAN-
cHARD and LEFROU (1922) in a Congolese. Cases were then described by Brumer (1936),
Caraner (1945), Cataner and Kervean (1945) and Friess and DELvOYE (1947) in Senegal
and the French Sudan. CaTaNEI and KERVRAN (1945) noted that the guinea pig could be in-
fected by intracardiac inoculation and the large size of the yeast forms (12—15 y) in the tissues
of man in contrast to the small forms seen in H. capsulatum (3—4 u) was commented upon.
Duncan (1947) also reported these large intracellular yeast forms which he had noted in 1943
in giant cells in tissue obtained from a papulocircinate skin lesion occurring in an Englishman
who had been long stationed in Ghana, West Africa. DuNCAN noted that the mycelial phase of
this fungus was similar to that of H. capsulatum on culture and animal inoculation but sug-
gested that there might be an African type of histoplasmosis which differed histologically in
man from that caused by H. capsulatum. VANBREUSEGHEM concurred with this view and con-
sidered that the fungus was a new species of Histoplasma which he named H. duboisii (DuBo1s
et al., 1952) and the mycological features were elaborated upon in a number of further papers
(VANBREUSEGHEM et al., 1953 ; VANBREUSEGHEM, 1956, 1957). Doubt, however, existed on the
taxonomic validity of considering H. duboisii as a species distinct from H. capsulatum and
some considered the fungus as merely a variant of the latter (TASCHIIAN, 1952 ; DROUHET and
ScawARZ, 1956; CaAMAIN et al., 1958).

The clinical features and geographical distribution of African histoplasmosis have been con-
sidered by AJseLLo et al. (1960), CocksHOTT and Lucas (1964a, b), VANBREUSEGHEM (1964)
and PELOUX et al. (1965). At a recent CIBA Symposium on the Systematic Mycoses (1967) it
was generally considered that H. duboisii could be differentiated from H. capsulatum by its
differing clinical manifestations, its differing geographical distribution, the different tissue
responses it evokes in man and laboratory animals and the differing immunological reactions
and minor cultural differences which have been described. In this communication, therefore,
H. duboisit is considered as a separate species.

Mycology: H. duboisii is a dimorphic fungus the mycelial phase of which is in-
distinguishable morphologically from that of H. capsulatum. It can be differentiated
on culture on Sabouraud’s medium at 25° C, however, by its inability to produce
urease in 24—48 hours (CorEmMANS, 1963 ; CLARK and GREENWoOD, 1967). It also
differs in its yeast phase in man, the yeasts being 8—15 y in size in contrast to the
2—5 u of H. capsulatum. The cells are round or oval with a thick doubly contoured
capsulate containing a variable quantity of lipoid material and occasionally a
nucleus may be observed. They reproduce by budding, the base usually being
narrow and the bud attaining the size of the parent before separation. The mycelial
phase has not been described in man.

Intratesticular guinea pig or intraperitoneal hamster inoculation with yeast
phase or mycelial elements of H. duboisii produce at first small ‘capsulatum’ yeast

9*
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Fig. 1. African histoplasmosis in a lymph node. The cells of Histoplasma duboisii are round or

oval, 7—15 u in diameter and limited by a wall 1 x4 thick. A single small nucleus and budding

may be seen. The fungus cells are within giant cells. Note the resemblance to Blastomyces
dermatitidis. H&E x 1000

forms and later in 2—5 months giant ‘duboisii forms’ in contrast to H. capsulatum
(PINE et al., 1964).

The values of the complement fixation and agar gel precipitin tests in H. capsu-
latum infection have recently been reviewed by KaurMax (1966) and SEELIGER
(1967), a titre of 1/8 or greater to either mycelial (histoplasmin) or yeast phase
antigen in the former test generally being considered presumptive evidence of in-
fection. A lack of response, however, does not exclude infection. Positive responses
to H. duboisis mycelial and yeast phase antigens with a negative response to H.
capsulatum antigens have been reported in a Nigerian patient with a pulmonary
form of African histoplasmosis (CLARK and GREENWO0OD, 1967). Differences in the
serum fractions of hyperimmune rabbits against antigens of H. capsulatum and
H. dubotsiz have also been noted by DrouHET (1963). PINE and his colleagues
(1964) studied, by fluorescent antibody techniques, the action of a specific anti-
yeast phase H. capsulatum conjugate against 13 yeast phase strains of H. capsula-
tum and 9 of H. duboisii. The conjugate was specific for the former and no yeast
phase of H. duboisii obtained in witro or in vivo reacted with it. The evidence is,
therefore, that these two fungi differ antigenically but further information on the
value of serological tests in African histoplasmosis is required.
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Epidemiology: African histoplasmosis occurs in all age groups with a peak in-
cidence in the second decade. Males are affected slightly more frequently than fe-
males. No significant differences in racial susceptibility are recognised. The greater
than random association which has been noted between disseminated H. capsula-
tum infection and lymphoma, leukaemia and Hodgkin’s disease (EMmoONs et al.,
1963) has not been described.

The infection has been widely reported in Africa south of the Sahara and north
of Rhodesia in the West, Central and Eastern regions and in both savannah and
forest country. The greatest number of cases have naturally been reported in areas
where more sophisticated laboratory investigations are available. 56 were re-
viewed by CocksHOTT and Lucas in 1964. It is probable that, with increasing
awareness of the condition, African histoplasmosis will be found to be relatively
common throughout the tropical belt of Africa. Histoplasmin skin tests have shown
positive reactions which vary in incidence from less than 5—219, in different
tribes in the Congo (DEVRIESE, 1953 ; TENRET, 1956). However, H. capsulatum in-
fection is also found in Africa and both types of infection have been reported in
former French West Africa, Nigeria, the Congo, and East Africa, and, in addition,
the histoplasmin skin test is frequently negative in established H. duboisis infec-
tions. The significance of these findings in relation to duboisii infection is therefore
not clear and no assessment of the incidence of this infection in populations is
possible until a satisfactory specific antigen becomes available. At the present
moment the mode and source of infection are unknown. The presence of isolated
skin lesions in the absence of other signs of infection, however, suggest that in some
patients infection is acquired through the skin following minor trauma (SYMMERS,
1961; BASSETT et al., 1962). The latter authors reported a skin lesion in a school
girl aged 8 years who was in the habit of sweeping out a classroom contaminated
with bat droppings which were considered a possible source of infection. Soil con-
tamination of syringes was also suggested as a possible factor in a patient who
developed lesions in the buttock within a month of a series of injections at that site
(VANDEPITTE et al., 1965). Although lung lesions are not common, CLARK and
GREENWOOD (1967) did not consider that the possibility of the portal of entry
being via the respiratory passages should be dismissed. On the other hand LANCELY
et al. (1961) considered that haematological spread to the lungs was the more likely
explanation of the lesions they described. Whatever the portal of entry, both
haematological and lymphatic spread occur once the infection is established.

Although the fungus has been cultured in media containing soil and animal
faeces (VANBREUSEGHEM and EUGENE, 1958) samples of bat’s droppings from
caves in East Africa which were a potent source of H. capsulatum and from
Northern Nigeria and from chicken runs in Southern Nigeria and soil in Senegal
have not, on culture, revealed the presence of the fungus (Camain et al., 1958;
AJELLO et al., 1960; AJErLO, 1961). It is also of interest that focal outbreaks in
association with the cleaning out of chicken houses such as have been reported in
H. capsulatum infections (EMmoNs et al., 1963) have not been recorded. This, how-
ever, may be due to less sophisticated methods of poultry farming and, with in-
creasing improvement in these methods such as are taking place in many centres
in Africa, it will be interesting to note if such outbreaks occur. Histoplasmin skin
testing and a clinical and radiological examination of workers engaged in the
poultry farming industry which is rapidly expanding in Africa might be of value
in elucidating some aspects of the epidemiology of this condition.

Natural infections in animals have been noted in baboons in French Guinea
(Courtois et al., 1955; MARIAT and SEGRETAIN, 1956; WALKER and SPOONER,
1960).
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From a consideration of the available evidence it would seem most likely that
the fungus will eventually be isolated from soil and that minor trauma to the skin
will be found to be an important aetiological factor in the infection. The environ-
ment of all patients, therefore, should be carefully investigated regarding possible
sources of infection but it must be remembered that there may be a latent period
of up to 3 years from exposure to signs of infection becoming manifest.

Pathology: African histoplasmosis occurs in a localised or disseminated form
and otherwise healthy individuals are usually affected. In the localised form, lesions
are usually confined to the skin, regional lymph nodes or bone without evidence
of systemic upset. Isolated lesions have however been reported in other viscera
including the intestine (CoLE et al., 1965).

In the disseminated form almost any organ in the body may be involved, the
skin and subcutaneous tissues, the skeletal system, lymphatic glands, the marrow
and abdominal viscera, especially the liver and spleen, being most commonly
affected. Generalised symptoms include a progressive anaemia, loss of weight, fever
and signs of gastrointestinal, hepatic or rarely lung involvement. Dissemination
occurs by lymphatic or hematogenous spread. Following a description of the histo-
pathology of the lesions the effect of the infection on various systems is described.

The presence of the yeasts in human tissue in the great majority of instances
stimulates the production of histiocytes and giant cells. The characteristic lesion
consists of a few histiocytes with numerous giant cells of the foreign body or Lang-
hans type containing up to as many as thirty fungal cells. Budding and growth
takes place in the giant cells.

On routine haematoxylin and eosin sections the spores are round or oval, 7—15
4 in size and are limited by a well defined thin membrane which is shown to be a
cell wall 1 u thick by periodic-acid schiff and Gomori silver methenamine techni-
ques. The contained eosinophilic protoplasm is usually shrunken either eccentrically
or centrally and the impression of a halo may be given. A single small nucleus may
be seen. In addition to the giant cells containing spores a variable chronic in-
flammatory infiltrate of lymphocytes, plasma and epithelioid cells may occur.
Epithelioid follicles resembling the tuberculous follicle have been described in the
absence of spores but the possible association of the two conditions should be
remembered. The giant cell granulomas frequently undergo caseous necrosis and
sheets of extracellular yeast forms may be seen in the necrotic material with
palisading of epithelioid cells, giant cells and lymphocytes at the periphery. Ex-
tensive areas of necrosis with or without spores present are common. Other types
of lesions do occur and microabscesses surrounding the fungal elements are not
uncommon and an eosinophil response ¢an occur.

With healing, fibroblasts predominate. The absence of calcification is remark-
able when the pathology of H. capsulatum is considered. The giant cell reaction,
extensive areas of necrosis, and microabscesses, may be seen in one individual, and
the reasons for these varying tissue responses are unclear.

The Skin and Subcutaneous Tissue: The lesions in the skin have been well
described by Lucas (1967) and consist of nodular, ulcerative, circinate, eczematoid
or psoriasiform lesions.

They most commonly present as flat slightly raised lesions, become palish
papules and lastly shallow ulcers 3—4 mm in diameter. In the pigmented races a
welldefined hy perpigmented halosurrounds the lesioninitsactivestatoand delineates
the scar on healing. In the disseminated form the skin lesions are continuously
erupting and vary in size and stage of evolution. Ulceration is common. Biopsy
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reveals the presence of the typical giant cell systems containing spores. Necrosis
and an acute inflammatory exudate may be present superficially in this lesion if
ulceration has occurred. Pseudoepitheliomatous hyperplasia of the epidermis is not
usual. In sinuses and subcutaneous extensions from bone lesions, areas of necrosis
containing yeasts are common.

Lesions also occur in the mucosa of the oral cavity, and the gingiva may be
affected primarily or secondarily by extension of a mandibular focus.

The Skeletal System: The frequent occurrence of bone lesion in African histo-
plasmosis has been noted by many authors. A solitary bone lesion may be the sole
manifestation of the disease or the lesions may be part of a disseminated and
generalized infection. Spontaneous fracture of bone has been noted in a few patients
(CocksuotT and Lucas, 1964 ; PELOUX et al., 1965).

The lesion commences in the medulla, and oval osteolytic lesions are seen
radiologically. As a rule the periosteum lays down new bone and the bone may
appear to be expanded. The histopathology is characterized by giant cell reaction
with extensive areas of necrosis. Yeast forms are numerous. As the lesion expands,
the cortex is eroded and extension occurs beneath the periosteum with finally
erosion into the soft tissues with the formation of a painful swelling which eventually
become a cold abscess. The abscess may rupture externally, with the formation of
sinuses or ulcerated lesions with exuberant granulation tissue which may simulate
a neoplasm. The flat bones of the skull and the ribs are most frequently affected,
to be followed by the sternum, scapulae and jaws. Teeth may be loosened if the
mandible is affected. Lesions in the cervical, dorsal or lumbar vertebrae may cause
paraplegia by extradural spinal cord compression and large paravertebral ab-
scesses have been described (KERVRAN and ARETAS, 1947; CamAIN et al., 1958;
CocksHOTT and Lucas, 1964). There may be single or multiple foci in the long
bones, usually diaphyseal in the young child and juxtametaphyseal in older in-
dividuals, possibly related to the regression of red marrow towards the metaphyses
with advancing age (CocksHOTT, 1967). Lesions close to the metaphysis may inter-
fere with the maturation of epiphyseal cartilage and ossification and distortion of
a growing bone can result (Luxx, 1960). A radiological skeletal survey will often
reveal unsuspected lesions in patients with lesions in other systems. Direct spread
to joints may occur with evolution of a painful arthritis.

The Reticulo-Endothelial System: Regional lymph nodes may be affected in the
localised form of the disease. In the disseminated form the superficial and deep
nodes may be widely affected. Widespread lesions may also be present in the
marrow with an associated anaemia. Focal lesions in the spleen and splenomegaly
are also common. Hepatomegaly is also usual and giant cell granulomas and ex-
tensive areas of necrosis containing yeast forms are the usual findings seen on biopsy
or at postmortem. It is not known whether the infection originates in the Kupffer
cells or by haematogenous spread. There is however no report of the yeast forms
being seen in Kupffer cells and the latter method of spread is the more likely.

The Respiratory System: The lungs, in contrast to H. capsulatum infection, are
not thought to be commonly affected; but CLARK and GREENWO0OD (1967) have
recently described two patients with lung involvement, in one of whom no extra-
pulmonary lesions were found, and have discussed a further possible 10 cases in the
literature. In a number of these, however, the diagnosis was doubtful, tuberculosis
perhaps being responsible for the symptoms in three and in a further three the only
evidence of pulmonary involvement was radiological. It is of interest that one of
the patients with miliary pulmonary involvement shown as fine nodular opacities
on X-ray described by CLARK and GREENWO0OD was in the last trimester of preg-
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nancy. Caseating lesions containing spores were noted in the lungs, lymphatic
glands, spleen, liver, ileum, bone marrow, kidney, skin and adrenals and it was
thought that the extensive caseation might imply a lowered immunity, pregnancy
perhaps playing a part. The child, born prematurely, died shortly after birth, with
no evidence of a congenital infection. The typical solitary nodule so commonly seen
in H. capsulatum infections has not been described in duboisii infections nor have
miliary calcified opacities been seen.

Gastrointestinal System: Isolated lesions may be found in the intestine (CoLE
et al., 1965) and a caecal lesion with perforation and peritonitis has been reported
(CAMAIN et al., 1958). As previously mentioned, hepatosplenomegaly is common,
and liver biopsy may be diagnostic.

Other Organs: The neurological complications of vertebral involvement have
already been mentioned. Rarely, soft tissue involvement may also produce clinical
evidence of a cord lesion. The central nervous system, however, tends to escape
infection, and foci in the skull bones spread externally and do not penetrate the
dura mater. Typical granulomas and caseating lesions have been described in the
adrenals, kidney, bladder, breast and testicle.

Laboratory Diagnosis: The possibility of infection with H. duboisii should always
be considered in any patient living in, or coming from, Africa with undiagnosed
skin, bone or visceral lesions. The typical yeast forms are usually easily demon-
strated on direct microscopic examination of the exudate from skin lesions. Ten
per cent potassium hydroxide may be used to clear the specimen prior to direct
microscopical examination. The fungus cells can be well demonstrated by any of
the routine Romanowsky stains. Occasionally fungus cells may be present in spu-
tum, stool or urine. Unless, however, the possibility of this infection is considered,
it is usually first diagnosed on routine histopathological examination of surgical
biopsy specimens of skin, bone or liver or in marrow or splenic aspirates. The histo-
pathology is to all intents and purposes diagnostic. The fungi most likely to be con-
fused with H. duboisii in tissue sections are Blastomycosts dermatitidis and Crypto-
coccus neoformans. The former is rare in Africa and the lungs are usually affected.
Budding cells (8—15 p in diameter) with a broad base and prominent cytoplasm
containing several nuclei, and the presence of pseudoepitheliomatous hyperplasia,
if the skin is affected, allow of differentiation (EMMONs et al., 1963). The fungus
cells of C. neoformans are then walled spherical or oval bodies and vary markedly
in size. There is frequently a clear surrounding halo 3—5 g in thickness separating
the cell from the cytoplasm of the histiocyte or giant cell in which it is contained.
The halo stains positively with Mayer’s mucicarmine and allows of differentiation
from H. duboisis.

Many of our surgical biopsies in Ibadan are subject to phase contrast and im-
print examination prior to the preparation of paraffin embedded sections and this
has proved of great value in the rapid diagnosis of H. duboisii infections.

Although the histopathology of the lesion may be diagnostic, culture and ani-
mal inoculation should always be undertaken if laboratory facilities are available.
Specimens may be mailed for culture in glycerine containing 1000 units of peni-
cillin and 1000 ug of streptomycin per ml.

The fungus may be cultured at 25° C on Sabouraud’s or blood agar media. If

the original material is infected the addition of 500 units of penicillin and 500 ug
of streptomycin per ml of media is advisable.

The colonies are grey, flat and stellate and consist of septate hyphae with small
conidia. A profuse growth of tuberculate chlamydospores occurs in two months.
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The mycological features on culture are essentially similar to those of H. cap-
sulatum. Minor differences (including the lack of urease production) have however
been noted (VANBREUSEGHEM, 1956; COREMANS, 1963).

The diagnostic features of H. duboisii in laboratory animals have already been
discussed. Serological tests have still to be evaluated but it would appear that
complement fixation tests to mycelial and yeast phase antigens of H. duboisit are
of value in diagnosis. Fluorescent antibody techniques may also be employed to
enable a specific diagnosis to be made.

As of yet, skin sensitivity testing with available mycelial phase antigens (histo-
plasmin) are of little value as a diagnostic procedure.
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African Histoplasmosis (part 2)

JAN SCHWARZ, Cincinnati/Ohio, USA

With 4 Figures

African histoplasmosis is caused by Histoplasma duboisii Vanbreuseghem and
has, to date, been seen spontaneously only in men and baboons from equatorial
Africa.

Geography

The African continent has the doubtful privilege of being the home of infection
by both species of Histoplasma: H. capsulatum, Darling, and H. duboisii, Van-
breuseghem. Only about 60 cases of African histoplasmosis have been observed,
and the epidemiology and clinicopathology of this disease need further attention
before the final chapter can be written.

The Organism H. Duboisii Vanbreuseghem

Histoplasma duboisii, according to QUENUM-AHINA, was seen by LECENE
(1919); BLaNcHARD and LEFRON (1922), CATANEI and KERVRAN (1945), and, by
Duxcan who first grew the organisms in May, 1943. H. duboisii was described as
a distinct species by VANBREUSEGHEM in 1952 (DuBois et al.). From all evidence,
the organisms seems identical in the mycelial phase to the classical H. capsulatum;
the slow-growing white mold shows on culture mount tuberculate spores of
+ 10—15 g, and numerous small microconidia. But in the yeast phase, induced by
incubation in vitro on protein-containing media or by culture from infected man
or animals at 37° C, a large, mostly round to oval, thick walled yeast cell is seen,
measuring up to 15 u, and reproducing as a rule by a single bud, often with a broad
base. Both by size and thickness of wall, the yeast cell of H. duboisis is more nearly
comparable to Blastomyces dermatitidis than to H. capsulatum.

It may be repeated that H.duboisii and H. capsulatum are uninucleated,
B. dermatitidis is multinucleated. This seemingly clear description is somewhat
clouded by the fact that both in cultures at 37° C and in tissues in spontaneous
and experimental disease, in addition to the large yeast forms (‘“duboisii forms™),
small yeasts are found (“capsulatum forms”). The latter are fairly common in
tissues in early experimental infection, but more and more large cells develop,
relegating the “capsulatum forms” to become a dwindling minority after 6 weeks
or longer. Fluorescent antibody staining suggested to PINE et al. that H. duboisii
is a separate species (1964). AJELLO lately questions the position of H. duboisii as a
separate species (1968).

Epidemiology. H. duboisit has been found up to 1964 in some 50 Negroes, six
Caucasians, and one Indian (CocksHOTT and Lucas) in Equatorial Africa. Attempts
in Africa to recover H. duboisii from soil were unsuccessful, until 1967 when isola-
tion from a sample collected in Kenya was reported (AL-Doory and KALTER). Man
and baboon (Papio papio and Papio cynocephalus) were found to be spontaneously
infected. For all practical purposes, recognition of most cases was made in the
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vicinity of the Medical Schools of Dakar, Loranium, Kampala, and Ibadan (Equa-
torial West Africa), suggesting that other cases may go undetected for reasons of
inferior medical surveillance.

Pathogenesis: The disease is said to spare the lungs, but adequate autopsies can
hardly be cited in support of this claim. Until otherwise proven, the temptation
to seek analogies in the pathogenesis of histoplasmosis caused by either H. capsu-
latum or H. duboisii should be considered a healthy one. One of the patients of
Basskr et al. developed disease while on “sweeping duty” in a bat-infested school.
The fact of exposure to bat droppings carried connotations of inhalation infection,
in view of the findings of KuitTe and others, and does not necessarily point to the
suggested percutaneous inoculation at the point of an abrasion. Other patients
gave histories of association with fowl, but not too convincingly.

Cutaneous tnvolvement is prominent in African histoplasmosis. The skin and
subcutaneous tissues of inhabitants of Equatorial Africa show a peculiar reaction
to certain Mycobacteria also (Buruli ulceration — ConNor and LuNN), supposedly
also in the absence of a demonstrable pulmonary lesion. Osteoarticular lesions, so
exceptional in classical histoplasmosis, are commonplace in African histoplasmosis.
In the 56 cases listed by CocksHoTT and Lucas, 30 had skin lesions and 29 bone
lesions, often both localizations in the same case. Only 8 patients died, but the
followup of at least 20 is not available. Most patients were young; 33 were under
age 40 and 20 were under age 20, but without data about the age of the population
seeking medical advice, these figures lose impressiveness.

Skull lesions were reported in 12 instances by CocksrorT and Lucas. One case developing
under the eyes of these observers appeared as a small area of diploic destruction, followed by
necrosis of the inner and outer tables of the skull. The osteolytic lesions are discrete, remaining
visible also in the stage of repair. The overlying ‘“‘cold abscesses” in the soft tissues are com-
parable to tuberculous lesions. Most skull lesions were multiple, as generally were rib lesions
found in ten patients (CocksroTT and Lucas). Expansion of the rib and fistula formation
were common.

Scapulae and jaws figured four times and the sternum twice, in the above review. In
3 patients, involvement of the spine led to the fearful complication of paraplegia. Long-bone
lesions, when found in children, were mostly diaphyseal; in teenagers and adults they were
juxta-metaphyseal. The severity of the osteomyelitis has been seen to lead even to spon-
taneous fracture. Humerus, femur, tibia, ulna, radius, the bones of the fingers and the clavicle
were all involved in some cases. Numerous cases had multiple osteolytic lesions.

Single or multiple caseous lesions have only one pathogenetic source : the blood
stream. The blood in turn can distribute organisms only from a source in contact
with the external world : skin, some mucosae, and specifically the airways. Follow-
ing well-established pathogenetic principles, bones can be secondarily involved
only from a primary lesion elsewhere (in our opinion, most often the lung).

We have avoided discussing multiple skin lesions, since cutaneous primary in-
fection is, after all, within the realm of possibility. But if one studies the case
histories of African histoplasmosis, with one subcutaneous abscess or one ulcer
appearing on the head and the next on completely distant parts of the body, once
more the possibility of hematogenous spread should be considered, remembering
that a fairly similar clinical behavior (multiple cutaneous ulcers and granulomas
in North American blastomycosis) has been established and pretty universally
accepted as originating from a primary lung lesion (ScawArz and Baum). The fact
that cutaneous lesions can be primary is obvious, but they prove to be only most
exceptionally primary in North American blastomycosis, classical histoplasmosis,
and coccidioidomycosis.

The requirements for accepting a cutaneous primary lesion have been clearly
established: 1) a primary chancre with regional lymphadenitis must be present,
2) a pulmonary lesion must be absent (a fact conclusively demonstrated only by
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competent autopsy), 3) traumatic inoculation of the skin remains hypothetical,
unless the instrument producing the wound can be shown to be contaminated with
the fungus.

Subcutaneous abscesses are common in African histoplasmosis, both with and
without underlying osteomyelitis and osteitis. Skin lesions, from pustular to
ulcerous, from eczema to fungating granuloma, are infinitely more prominent in
African histoplasmosis than in the classical variety (VANBREUSEGHEM, 1964). No
lesions of erythema nodosum seem to be recorded in African histoplasmosis.
Mucosal lesions in the oral cavity were seen independently or secondary to mandi-
bular osteitis. Hepatosplenomegaly has been recorded 4 times in the CocksHOTT
and Luoas review, with liver biopsies helpful in establishing the diagnosis.

Only half a dozen cases were brought to autopsy, and it would be premature
to accept the statements made frequently that the lung does not show lesion in
African histoplasmosis, especially since 3 cases have reported positive sputa
(DuBois et al., 1952; VANDEPITTE et al., 1957, and JARNIOU et al., 1958). The
patient of JARNIOU et al. also had radiologic evidence of pulmonary involvement.
LANCELY et al. reported lung lesions on X-ray; VANDEPITTE et al. demonstrated
pleural reaction and found post-mortem lung lesions to be caseous and attributed
to mycobacterial disease, even when numerous yeast cells of H. duboisii were
present in the lung.

A 63-year-old patient from whom Duncan had isolated H. duboisit in 1943, showed
clinical and radiologic evidence of lung disease with relapse, and, while only conjectural, is
assumed by Duncan to have had pulmonary histoplasmosis, possibly combined with tuber-
culosis. Janke’s patient had bronchopneumonia for about 3 months before the skin lesions
were manifest; no attempts to culture Histoplasma were made in this case.

DEVREESE et al., at autopsy of an African woman, found a 3 X3 x4 cm. focus in the lung,
with huge mediastinal lymph nodes. RESSELER et al. insist on ‘“normal lungs” in two patients,
even when the second patient did not have the benefit of an X-ray. A case reported by QUERE
et al. showed massive involvement of the lungs on X-ray. CLARK and GREENWORD report
two cases with proven pulmonary involvement, tabulate 10 cases from the literature and
conclude that the lung may well be the portal of entry also in African histoplasmosis, as it
is in the “classical histoplasmosis” and several other deep mycoses.

The apparent tropism of H. duboisit to skin and bone may not prove to stand
the test of time and enlightenment any better than the initial claim that Darling’s
disease was characterized by hepatosplenomegaly and is always fatal. It also should
be clear that inhalation of spores or mycelial fragments is unquestionably the route
of infection in coccidioidomycosis, North American blastomyecosis, and histoplas-
mosis of the classical type. There is little reason to believe that an organism so
similar to H. capsulatum as H. duboisii is, should invade the human body differ-
ently. Good evidence exists that pulmonary lesions can be found in African histo-
plasmosis if searched for with proper knowledge and open mind. Few performers
of autopsies can be trusted to rule out small primary lesions in the lung; even the
most experienced pathologists prefer the help of X-rays of lungs removed from the
body in order to locate small calcified foci.

Lymphadenopathy is very prominent in African histoplasmosis to judge from
available illustrations. Many lymphadenitides are reported local to skin or bone
lesions; others do not reveal the source of drainage. Bowel involvement was demon-
strated from a sigmoid biopsy and culture in a 33-year-old male who suffered from
severe diarrhea and weight loss. Distinet ileocecal pathology on X-ray and the
symptomatology improved dramatically after amphotericin B therapy (CoLE
et al.).

Differential Diagnosis: In view of the recent demonstration of Blastomyces
dermatitidis in tropical Africa (EMMoONS et al.) and the superficial morphologic
similarity between B. dermatitidis and H. duboisii, cultures and careful screening
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Fig. 1. Histoplasma duboisii entices the tissues of man and animals to giant cell formation
often of gigantic size. Two months after i.p. injection, the omentum of the hamster shows
numerous giant cells filled with round yeast cells, easily recognizable in H & E sections X 320

by cytologic differentiation are mandatory. Individual organisms are also similar
to the smaller forms of B. brasiliensis and except for greater thickness of the wall
and oval shape, resemble Cryptococcus neoformans. The latter stains with muci-
carmin, H. duboisit does not ; but not all cells of C. neoformans stain uniformly with
mucicarmin.

The tissue reaction is very different in H. duboisii from the changes seen in
classical histoplasmosis. If small yeast cells are present in African histoplasmosis,
which, especially in early experimental disease, is often the case, the small yeast
cells are taken up by histiocytes exactly as one would expect with H. capsulatum.
But when only large cells are present, and this is most frequently the case in human
spontaneous disease and in long-standing experimental disease, the picture changes
completely, and clumps of large yeast cells are seen (Figs. 1, 2). In tissues, these
frequently are round or only slightly ovoid, filling enormous giant cells or occupy-
ing, in the giant cells, a peripheral rim, resembling the distribution of nuclei in
gigantic Langhans cells.

On the other hand, such large yeast cells can also be found in Kupffer cells of
the liver or other large phagocytic elements. In view of the great number of such
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Fig. 2. Closer inspection of the content of giant cell reveals yeast cells to vary considerably
in size and shape. Budding is easily recognized. Round and ovoid forms exist. Notice large size
of the yeast from magnification given in this and previous photograph. Gridley x 1280

Fig. 3. The variation in size is dramatized in a granuloma from the omentum of a hamster.
Budding cell in center of field. Grocott x 2100. (From Oxupaira and ScHwARrz: Mycologia
53, 53, 1961)

yeast cells in individual giant cells, there seems to be little doubt that they multiply
within the cytoplasm of the phagocytic cells just as the small cousin of the “classi-
cal type” does in similar conditions. Sometimes there is a slight outpouring of
polymorphonuclear leukocytes, strictly limited to the immediate vicinity of the
organisms in the interstitium of the liver or lung.
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Fig. 4. Intracellular location in giant cells and variation in size is brought out poignantly in
Gridley stain of tissue shown in illustration 1. Gridley X 320

In similar locations, one sees occasional histiocytes and epithelioid cells, but
little tendency to the formation of true tubercles is ever found. On first glance, the
large yeast cells appear uniform in size, but close scrutiny reveals considerable
variation in size and shape, with marked differences in the thickness of the wall
of the individual cells and great differences in the staining properties of the cyto-
plasmic content.

The differential diagnosis of individual yeast cells lies between Cryptococcus
and the organisms of North and South American blastomycosis. The tendency to
conglomeration and giant cell formation is unique, in our experience, for African
histoplasmosis and therefore makes differential diagnosis comparatively easy.
Occasionally, we found phagocytized polymorphonuclear neutrophils in the same
giant cells which harbored numerous yeast cells of the duboisii type. In the spleen,
yeast cells seem sometimes to multiply without eliciting much cellular response,
but in view of the huge number of such cells, it becomes difficult to decide how
many are actually extracellular and which ones are within enormous and very
irregular giant cells. In the spleen also, polymorphonuclear leukocytes are fre-
quently found within the giant cells. The large number of yeast cells in some organs
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must at least produce mechanical compression, even if no other toxic or inflamma-
tory reaction were forthcoming.

In view of its large size, the organism can be seen easily with H & E stains, but
it literally shines with any of the available special methods, from the PAS through
the Gridley to the Grocott (Figs. 3 and 4). With special stains, the presence of
“capsulatum” forms surrounding the individual large organisms becomes obvious
and is somewhat confusing because at first glance it can be mistaken for B. brasi-
liensis surrounded by numerous buds. Necrosis, both of tissue and of organism, can
be seen in long standing disease and in large foci. Soft-tissue lesions most nearly
approximate the definition of a granuloma, since they often show a fibrous capsule
separating them from surrounding muscle or fat tissue; but close inspection shows
once more that these are mostly yeast cells, free and in giant cells, rather than true
histiocytic or epithelioid-cell granulomas.

The clinical and pathologic features of African histoplasmosis have a certain
resemblance to North American blastomycosis. Both diseases have frequent skin
and bone involvement, but the multiple subcutaneous abscesses are distinctly more
prominent in African histoplasmosis. The organisms causing the two diseases have
a certain resemblance, morphologically and in both growth forms on culture
(except for the tuberculate spores of H. dubotsis in the mycelial phase; such spores
are not found in B. dermatitidis). The granulation tissue is different. In African
histoplasmosis, the large yeast cells, mostly in enormous giant cells, dominate the
picture; in blastomycosis a variety of granulation tissue is seen, from the true
epithelioid-cell tubercle to forms which are almost suppurative or necrotizing. But
if giant cells are found, and they are seldom numerous in North American blasto-
mycosis, they are more often of the Langhans type, with few organisms within the
giant cells. Never have we seen the multitude of yeast cells in North American
blastomycosis so commonly encountered in African histoplasmosis.
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Coccidioidomycosis

ROBERT W. HUNTINGTON, Jr., Bakersfield/California, USA*

With 36 Figures

I. Definition, Synonomy

This review is concerned solely with coccidioidomycosis, defined as infection
with the fungus species Coccidioides immitis. The initial uncertainty as to the
distinction between this agent and that of North American blastomycosis was re-
solved many years ago through the studies of OpHULS and Morrrer (1900),
OrnuLs (1905b), MONTGOMERY et al. (1903), MoNTGOMERY and MorRROW (1904),
Evaxs (1909), HEkToEN (1907), Dickson (1915, 1931) and others. Distinction be-
tween coccidioides and the agent of South American paracoccidioidomycosis has
been clarified by the more recent studies of DE ALMEIDA (1930a, b, 1932). EMMONS
(1967) has recorded decided differences between coccidioides and the agents of
European ‘“‘pseudo-coccidioidomycosis.”” Of course we shall not deal here with
North American blastomycosis; neither shall we take up South American para-
coccidioidomycosis nor European pseudococcidioidomycosis.

The salient characteristics of Coccidioides immitis have been studied by a
number of investigators, among them OpuuLs and MorrrrT (1900), OPHULS
(1905a, 1905b), WoLBacH (1904), BAKER et al. (1943), FRIEDMAN et al. (1953),
Hampson (1954), EMmoxns (1942a, 1942b, 1947), EMMoNs and ASHBURN, EMMONS
et al. (1945), AsELLO (1957, 1967a), NEGRONI (1967), HUPPERT et al. (1967), and
SpaURr (1956). These characteristics include predilection for warm arid regions
(see Geographical Pathology), pathogenicity for mice, spherular form in infected
tissue with characteristic endosporulative reproduction, and growth on ordinary
media, both at room temperature and at 37° C as septate mycelium with eventual
arthrospore formation (CoNaNT, 1965; FETTER et al., 1967; FigsE, 1958; LEwIs
et al., 1956; WiLsoN and PLUNKETT, 1965).

The strict limitation of our topic to “‘true” coccidioidomycosis does little to
alleviate our vexatious problems in terminology, some of which can only be under-
stood in their historical context. The terminological confusion may be blamed, in
accordance with the reader’s preferences, either on the conservatively authoritarian
character of the nomenclature of biological taxonomy, or on the greater flexibility
of clinico-pathologic nomenclature, or perhaps on both. Both Posapas and WER-
NICKE in Argentina and R1xrorD and GILCHRIST in the USA (RixrorD, 1894a, b;
RixrorDp and GILCHRIST, 1896), who first recognized the organism in infected
tissue, believed it to be a protozoan. Although the pioneer studies in Argentina
were a few years earlier than those in California, RixrorD and GILCHRIST were the
first to make a formal nomenclatural suggestion. With the counsel of StiLES, they
proposed the name Coccidioides immitis. This name reflected assurance that the
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organism was a protozoan resembling coccidium. The subsequent suggestion by
Posapas’ Latin American colleagues of the designation “Coccidium of Posadas’
did not have priority (1928). More serious questions were raised by OpPHULS’ demon-
stration (OpPHULS, 1905a, b; OpHULS and MorrITT, 1900) that the organism was
actually a fungus. However, Ophuls’ suggestion of a name more consonant with
this status was not accepted, and the binomial Coccidioides immitis has persisted.
Clearly the laws of the MEDES and PERSIANS were mere ephemera compared with
those of priority in biological nomenclature!

While the organism has retained this singular if implausible title, infection with
this organism has gone under a variety of names, each with some claim to ratio-
nality. Many of these are names which the student must learn to recognize. It now
seems a curious stroke of historical irony that Posapas (1892) and WERNICKE
(1892) should have spoken of “‘mycosis fungoides with protozoa (Figs. 1, 2).”” This
title might suggest to a hasty reviewer some doubt as to the agent’s status, or a hint
of the possibility of mixed infection. However, the Argentine workers entertained
no such notions. The term mycosis fungoides antedates the recognition of minute
fungi as agents of human disease (CoNANT, 1965; GARRISON, 1961). It is descrip-
tive, not etiologic, and refers to large rather than to microscopic fungi. Thus it
purports not to indicate etiology, but rather to suggest that the lesions look like
mushrooms. Mycosis fungoides is now applied to a neoplastic condition of the skin
(ALLEN, 1967 ; CAWLEY et al., 1951 ; EMMoNs, 1967), entirely unrelated to fungi or
for that matter to protozoa. It would now be regarded as an entirely wrong dia-
gnosis in Posadas’ and Wernicke’s case. Be that as it may, in accepting that dia-
gnosis, Posapas and WERNICKE were not anticipating that the “Protozoan” might
prove to be a fungus.

It is understandable that Latin American students, unsuccessful in the attempt
to apply Posadas’ name to the organism, should continue to refer to the infection
as Posadas’ disease (CamPINS et al., 1949). North American pioneers spoke of
“Protozoic dermatitis” (RIxrorD, 1894b; THORNE, 1894; MoNTGOMERY, 1900),
then of “dermatitis coccidioides” (MoNTGOMERY et al., 1903, 1904; WoLBACH,
1904). After showing that skin lesions were often absent and usually second-
ary when present, OPHULS (1905a) suggested the term coccidioidal granuloma,
which was widely adopted (BECK, 1931a, 1931b; Browx, 1906, 1907; BRownN and
CumMmINS, 1914 ; CookE, 1914, 1915; DicksoN, 1915, 1929, 1931 ; Evans and BaLr,
1929; GrEAVES, 1934; INgHAM, 1936; RixrorDp, 1931; RYFKOGEL, 1913).

For many years the only recognized instances of C. ¢mmitis infection were in
patients whose disease was chronic, disseminated, and progressive. Though Wor-
BACH (1915) reported a case with apparent recovery, Dickson (1915) wrote of an
incidental, apparently arrested ““coccidioidoma’ in the lung of a subject dying of
unrelated causes, and OpHULS (1929) continued to suggest the possibility of re-
covery, coccidioidal granuloma came to imply something dire as well as rare. Then
came the demonstration by Dickson (1937a, b, 1939a, b), DicksoN and GIFFORD
(1938), GrrrorD (1936, 1939, b), and GIFFORD et al. (1937) that in the southern
San Joaquin Valley of California the quite common syndrome of benign pneu-
monitis with erythema nodosum or multiforme, locally known as “San Joaquin
Fever” or ‘“Valley Fever” (SmrrH, 1939, 1940, 1967) was due to coccidioides.

Since it would hardly have been good cheering bedside medicine to tell a patient
with “valley Fever” that he had “coccidioidal granuloma,” on practical as well as
theoretical grounds a new name for coccidioides infection was called for. DICKSON,
as his pupil SmrTH (1967), tells us, was something of a logician as well as an etymo-
logical purist. Thus he was unreconciled to the protozooid binomial of the fungus;
indeed he had in 1915 seconded OPHULS’ suggestion of a new name more suitable
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Fig. 1. Coccidioidomycosis. Verrucoid lesions of Posapas. A recent example. The extensive
lesions of the skin of the face and upper thorax are elevated, warty, annular, serpigenous, and
oozing. Case 1 of this chapter

Fig. 2. Coccidioidomycosis. Verrucoid lesions of Posapas, involving the skin of the ears, the
neck, and the upper back. Case 1. This is the only case I have ever seen of the verrucoid skin
lesions of Posapas (1928). This form of coccidioidomycosis is exceedingly rare

for a fungus. Now that he had justification and opportunity for selecting a new
name for the infection, D1cksoN resolved to include in that name some indication
that the agent was in fact a fungus. So he chose the name coccidioidomycosis, using
mycosis not in the old descriptive sense of mushroom-like but in the more modern



150 R.W. HUNTINGTON, Jr.: Coccidioidomycosis

etiologic sense of fungus infection. Coccidioidomycosis may be literally translated
as the fungus infection due to the organism which looks like coccidium.

In conversation at least, North American students now tend to dodge both the
protozooid name for the fungus and the Dicksonian polysyllable for the infection
by using the abbreviation cocci for both. Although no one has suggested an appro-
priate alternative to Dickson’s term, that term does invite complaints to the effect
that it is long and awkward and that while it points out some historical errors it
doesn’t completely correct them. We have had to list a name given to the fungus in
the belief that it was a protozoan, and a series of names for infection with that
fungus, the last and longest being coccidioidomycosis. It would be futile, we think,
to deny that this list has something of an Alice-Through-the-Looking-Glass quality.
The reader who wonders whether this quality may have been slightly overempha-
sized in the present sober review might care to consult the more vivid and per-
spicuous surveys of SmitH (1967) and Emmons (1967). This list does recall the
White Knight’s recital of what the name of the song was called, what the name was,
what the song was called, and (finally) what the song was. In this context the pre-
sent writer would emphasize that none of the names on the list are his own inven-
tion! The problems in terminology reflect our predecessors troubles with observa-
tions and concepts. Doubtless our sympathy for those troubles should be quite as
vivid as the sympathy expressed in the White Knight’s song for the troubles of
the aged man!

II. History

Even in defining coccidioidomycosis we become involved in history, and we shall be further
involved in discussing biology, distribution, diagnosis, and pathology of the infection. Yet at
the risk of a little repetition it seems well to sketch here the development of knowledge of
coccidioidomycosis since its first recognition in Argentina, reported in 1892 by Posapas and
WERNICKE (1892). Additional dates to be remembered include the first California case reports
by RixrorD and by THORNE in 1894, the naming of the organism by Rixrorp and GILCHRIST
in 1896, the demonstration that it was a fungus in the 1900 report of OpHULS and MOFFITT, the
first report of its isolation from the soil by STEwART and MYER in 1932, and the study of acute
benign coccidioidal pneumonia with erythema nodosum between 1936 and 1939 by DicksoN
and GIFFORD. One should also take note of the recognition of coccidioidomycosis as an im-
portant problem in military medicine at United States Armed Forces installations in world
war IT. Among the relevant studies are those of ALLEN (1948), Bass (1945, 1947), Bass et al.
(1948, 1949), CuENEY and DENENHOLZ (1945), CHERRY and BARTLETT (1946), CoNANT (1948),
ForBus and BESTEBREURTJE (1946), GOLDSTEIN and Lovutk (1943), HELPER and WATTS (1945),
LEE et al. (1942), LeEg (1944), McCLAUGHLIN (1948), NorRMAN and LAWLER (1949), PFANNER
(1946), RuBRMAN (1955), SmrTH (1943, 1955a, 1958) and WHIMS (1947). The therapeutic use-
fulness of amphotericin B was first recorded in 1957 by FIESE and LITTMAN, and LITTMAN et al.
in 1958. Subsequent studies have confirmed that usefulness (EINsTEIN, 1967, and personal
communication ; EINSTEIN et al., 1961 ; HUNTER and MoNGaAN, 1958; WINN, 1959, 1963, 1964,
1967a, b, ¢). At the same time the dangers from the nephrotoxicity of the drug have become
increasingly evident (BEARD et al., 1960; HunTINGTON et al., 1967a; IovINE et al., 1963;
REYNOLDS et al., 1963; SANFORD et al., 1962; Taracs et al., 1963).

The standard and classic account of the history of coccidioidomycosis is that of FIESE in
1958. Further fascinating bits of lore may be found in SmrTa (1967) and EMMoxs (1967). Inter-
esting sideligths on the Argentine pioneers are given by NEGRONI also in 1967.

Although coccidioidomycosis was first recognized in Argentina (Posanas, 1892 ; WERNICKE,
1892), and endemic foci have been demonstrated in Central America (MAYORGA, 1967), in
Mexico (GonzaLEz-OcHOA, 1948, 1955, 1967) and Venezuela (Campins, 1950, 1961, 1967;
CaMPINS et al., 1949), the history of the infection has been largely recorded in the United
States. It is convenient to look first at the development of knowledge of clinical and pathologic
aspects of the infection, and then at studies of the character and ecology of the organism.

a) Clinical and Pathologic Studies

In Posadas’ and Wernicke’s case (1892) and in Rixford’s first case (1894), the
most striking manifestation was a generalized verrucoid skin lesion. A comparable
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Fig. 3. Pulmonary coccidioidomycosis. There is softening and beginning excavation in a large
creamy region of the right upper lobe, and thickening of the right upper lobe pleura. Wet
mount from this area of softening showed numerous sporangia (see Fig. 22). Case 9

lesion in a recent case is shown in Figures 1 and 2. In Thorne’s case (1894), which
was Rixford’s second case (RIXFORD and GILCHRIST, 1896) the skin lesions were
more nondescript and suppurative. However initial interest centered on skin lesions
to such an extent that MoNTGOMERY (MONTGOMERY et al., 1903; MONTGOMERY
and Morrow, 1904) and WoLBAcH (1904) called the infection dermatitis coccidio-
ides. It remained for OPHULS (1905a) to show that the lung was probably the usual
portal of entry and that skin lesions were often absent, and usually clearly second-
ary when present (Fig. 3).

Early studies dealt solely with cases in which there was spread of the infection
beyond the lungs (metapulmonary dissemination); it was to this group that the
term coccidioidal granuloma was applied (OpHULS, 1905a; BECK, 1931a, b; BROWN,
1906, 1907; CooxkE, 1914, 1915; Dickson, 1915, 1929, 1931; GREAVES, 1934;
InguAM, 1936; RixrorD, 1931; RYFKOGEL, 1913). All recent students have found
it important to distinguish such cases from those in which the infection is confined
to the lungs (BEARE, 1945; CHERRY and BARTLETT, 1946; Dickson, 1937, 1938,
1939; CorToN et al., 1950, 1955, 1959 ; Cox and SmrTH, 1939 ; BUTT and HOFFMAN,
1941, 1945; FABER, SMITH and DicksoN, 1939; Farness and MrLs, 1938, 1939;
ForseE and PERKINS, 1954 ; GIFFORD, 1936, 1939 ; GIFFORD et al., 1937 ; GOLDSTEIN
and Lovurg, 1943 ; GoLDSTEIN and McDoNALD 1944 ; GREER et al., 1949a; GREER
and Crow, 1949b; HuNTINGTON, 1959a, b; HUNTINGTON et al., 1967b; KrapIN
and LovELOCK, 1948; MARKS et al., 1967; MELIcK, 1949, 1950, 1957 ; NABARRO,
1948; ScHULzE, 1942; SMmITH, 1939 through 1961; WINN, 1941 through 1967).
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Fig. 4. Coccidioidal meningitis. The abundant inflammatory exudate overlying the brain stem
and pons obscures the arteries of the circle of WiLLis

Metapulmonary dissemination may present as widespread miliary involvement of viscera
(OpPHULS, 1905a ; BROWN, 1906, 1907, 1914 ; D1cksox, 1915, 1929; ForBUS and BESTEBREURTJE,
1946), or as large or small lesions, sometimes single. An early study of coccidioidal bone lesions
was that of GARDNER in 1904. More recent studies include those of MCMASTER and GILFIAN
(1939), BENNINGHOVEN and MILLER (1942), SasHIN (1946, 1947), Piror (1946), LAMPHIER
(1948), Mir.L.ER and BIrsNER (1949), BirsNER and SMART (1956), Hipps (1953), SCHWARTZMANN
(1957), IcErR and Larson (1967). Involvement of synovial tissue was described in 1954 by
THIEMEYER and by WALKER and Harr. Lesions in the genital tract have been recorded by
McDoucAarL and Kreinman (1943), by Pace and BoyErs (1945), WORMLEY et al. and Wry-
RAUCH et al. (1950), by Roux et al. (1951) and by AMromiN and BLUMENFELD (1953), myo-
cardial lesions by REINcorD (1950), caseation of the adrenals by MaroNEY (1952), and endo-
laryngeal involvement by SiNe et al. (1956).

Meningitis, often solitary, i.e. without other metapulmonary lesions, has inter-
ested a number of students. Important early studies are those of OPHULS in 1905,
of BRown in 1906 and 1907, of Evans in 1909, and of RYFKOGEL in 1910. Among
more recent studies may be mentioned those of ABBoTT and CUTLER in 1936, of
CoURVILLE in 1936 and 1938, of Crai¢ and DockERTY in 1941, of REEVES and
BASINGER in 1945, of Dancis and NUNEMAKER in 1946, of WHIMS in 1947, of
Miller and SCHALTENBRAND and FRANK in 1948, of LOWBEER in 1949, of Buss,
GiBsoN and GIFFORD in 1950, of JENKINS and PoSTLETHWAITE, and RoSEN and
BELBER in 1951, and the review of FETTER, KLINTWORTH and HENDRY in 1967. In
an autopsy series of 142 cases of fatal coccidioidomycosis (HUNTINGTON et al.,
1967b) meningitis was found in 82 (Fig. 4). In 36 the meningitis was the only meta-
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Fig. 5. Coccidioidal meningitis with granulomatous arteritis. Case 3. H&E, x 70

pulmonary lesion demonstrated, while in 46 other metapulmonary lesions were
found. In all 82 the meningitis was considered to be the cause of death.

Coccidioidal meningitis may be exceedingly chronic (RosEN and BELBER, 1951;
HuNTINGTON et al., 1967b). It has not been found to resolve spontaneously. It is
the most frequent generally accepted indication for amphotericin therapy in
coccidioidomycosis (EINSTEIN, 1961 ; EINSTEIN et al., 1967; WINN, 1964, 1967D).
Prolonged treatment is necessary, and the incidence of amphotericin nephropathy
has been high (BEARD et al., 1960; IovINE et al., 1963 ; SANFORD et al., 1962; REY-
NoLDS et al., 1963; WERTLAKE et al., 1965; WINN, 1967b; HUNTINGTON et al.,
1967a, 1968b; Takacs et al., 1963). Since diffusion of amphotericin from blood to
meninges is poor, and block and hydrocephalus are frequent, neurosurgical colla-
boration has been called for in the treatment of coccidioidal meningitis (ZEALER
and WinN, 1967; CHEU and WALDMAN, 1967b; Locks and Hawxkins, 1963;
WitorscH et al., 1965; see Figs. 4, 5, 6, 7, 8).

Although Ophul’s study published in 1905 had shown that in disseminated
coccidioidomycosis (coccidioidal granuloma) the lung was probably the usual portal
of entry, coccidioidal infection confined to the lung, i.e., without metapulmonary
dissemination was almost unrecognized until the episode known to coccidioido-
mycologists as the great Dickson-Gifford breakthrough in the years 1936 to 1939
(F1ESE, 1958).

In 1915 Dickson had reported the incidental autopsy finding of an apparently
arrested ‘“‘coccidiodoma’ in the lung of a subject dying of unrelated causes. In
1929 CHOPE, working in Dickson’s laboratory accidentally inhaled organisms from
a culture of C. immitis. When he became ill, coccidioidal spherules were found in
his sputum. To the amazement of his physicians he developed nothin more serious
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Fig. 6. Coccidioidal meningitis with granulomatous arteritis. From same area as Fig. 5.
Grocott-Gomori, X 70

Fig. 7. Coccidioidal meningitis. The reaction is purulent, giant-cell and fibrosing, with some
“round cells,” i.e., macrophages and lymphocytes. Case 5. H&E, x 70
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Fig. 8. Coccidioidal meningitis. The area shown in Fig. 7 displays numerous sporangia of
various sizes. Case 5. Grocott-Gomori, X 70

than a brisk pneumonia with erythema nodosum and made a rapid recovery
(FiesE, 1958; SmiTH, 1967).

From these observations ERNEST DI1cksoN, the august Professor of Public
Health at Stanford suspected that it would be well to search for coccidioidal pneu-
monia without metapulmonary dissemination. He therefore went to Kern County
to ask physicians to send him sputum specimens from patients with pneumonia.
At his meeting with the County Health Department Staff, Myrnie GIFFORD, assi-
stant health officer, told him of her observations on the “valley fever” syndrome
(pneumonia with erythema nodosum or multiforme) and her evidence of its cocci-
dioidal etiology. GIFFORD’s first report published in 1936, had chronological prio-
rity, but as SmiTa (1967) says, “it was immured in the Annual Reports of the Kern
County Health Department,” while Dickson’s paper (1937a) presented at the an-
nual meeting of the California Medical Association was a ‘“clarion call for action.”
The Dickson-Gifford breakthrough culminated in their superb joint paper (Dick-
soN and GTFFORD, 1938).

The erythema of “‘valley fever’” unlike the verrucous, granulomatous, or sup-
purative skin lesions of disseminated coccidioidomycosis, does not represent in-
vasion of the skin by organisms. In fact, in this syndrome the organisms are con-
fined to the lung, and the erythema is a cutaneous reaction to soluble products.
Indeed it may be thought of as a giant coccidioidin reaction. Most of the subjects
with coccidioidal erythema nodosum or multiforme are very reactive to coccidioi-
din, and KEssEL’s (1939) preparation of coccidioidin played an important part in
the studies of DicksonN and GrrrorD (1938).

Just as disseminated coccidioidomycosis had first been recognized in patients
with disseminated skin lesions, so localized pulmonary coccidioidomycosis was
first recognized in patients with allergic erythema nodosum or multiforme. Just as
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Fig. 9. X-ray showing a thin-walled coccidioidal cavity. (Courtesy of the late Dr. WINN)

it took some time to demonstrate that the majority of patients with disseminated
coccidioidomycosis do not have skin lesions (HuNTINGTON et al., 1959b, 1967b),
so0 it took some time to demonstrate that the majority of patients with primary
coccidioidal pneumonias do not develop allergic erythemas (SmiTa, 1942, 1947;
SALKIN, 1967; WINN, 1967).

Yet the recognition of the coccidioidal etiology of the ‘“valley fever” syndrome
was a dramatic and significant event, and the two major personages were fully
worthy of the drama. The present writer did not have the privilege of acquaintance
with Dickson, but this awesome stature is fully apparent both in his own writings
and in those of his successor SMITH (see Ref.). I was fortunate to have begun my
studies in Kern County before Gifford’s retirement, and it is pleasant privilege and
obligation to record her directness, her total devotion to her task, her vivid concern
with the unfortunate and downtrodden, the meticulous accuracy of her observa-
tions, the rigorous logic of her deductions, her granitic sincerity, and her selflessness
with its total lack of either false pride or false modesty.

Studies of coccidioidal infection subsequent to those of GIFFORD and DICKsoN
have further emphasized its range and diversity. Many infections are asympto-
matic, recognizable only by a conversion of skin test (BEADENKOPF et al., 1949;
BEAMER, 1955; EDWARDS and PALMER, 1957 ; JOHNSON et al., 1964 ; PAPPAGIANIS,
1967; AsELLO, 1967 ; SMITH et al., 1961; WinNN, 1967) and perhaps by stationary
calcified pulmonary nodules (ArRoNSON et al., 1942; BurT and HorrMaN, 1941,
1945; Cox and SmrTH, 1939; STRAUB and SCHWARTZ, 1956). On the other hand
overwhelming infection with fungemia (WINN et al., 1967) may cause death with
a rapidity undreamed of by the pioneer students who regarded *‘coccidioidal granu-
loma” as indolent even though ultimately lethal.
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Fig. 10. Hyphae and spherules of C. immitis is tissue adjacent to a pulmonary cavity. From
case E 1 of Hu~nTINGTON et al. (1967b), Grocott-Gomori, x 500

The coccidioidal pneumonitis with erythema (“Valley Fever”), first recognized
by GIrrorDp (1936, 1937, 1939a, b) and Dickson (1937a, b, 1938, 1939a, b), and
further studied by SmrT (1939, 1940) seemed so thoroughly benign in contrast with
the treacherous classic “coccidioidal granuloma’ that there was at first an ex-
cessive tendency to minimize the seriousness of coccidioidal infection of the lung.
Indeed it had been suggested to me by Dr. SMITH in a personal communication
that coccidioidal infection was never grave unless it extended beyond the lung,
that lesions in the lung were invariably self limited, that the lung had a unique
ability to handle the fungus while other tissues had none. If this interpretation
were correct, it would be difficult to understand both why the lung is actually the
usual portal of entry, and why some of the cases of primary extrapulmonary in-
fection (HAGELE et al., 1967 ; WiLsoN et al., 1953 ; LEvan and HunTINGTON, 1965)
have run a benign course, and it would be difficult to interpret the ease with which
the mouse may be inoculated either intranasally or intraperitoneally (TAGER and
Liesow, 1942).

The notion that coccidioidal lung lesions were invariably mild and evanescent
was soon disproved by FArRNEsS’ studies, reported in 1939 and 1940, on coccidioi-
dal pulmonary cavitation (Figs. 9—13). FARNESS’ observations, and those of
WiINN in 1941 and 1942, of SmiTe, BEARD, and SA1TO In 1948, of BELANGER in
1947, of Bass in the same year, of WARING in 1954, and others, leave no doubt that
in endemic areas many pulmonary cavities are coccidioidal. Much of the debate
as to the relative gravity of coccidioidal and tuberculous cavitation has been
rendered obsolete by the availability of powerful and safe chemotherapy for tuber-
culosis. There has been spirited argument on surgical versus non-surgical manage-
ment of coccidioidal cavities. Surgical studies include those of CorroN and
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Fig. 11. Coccidioidal pulmonary cavity with satellite lesions. Courtesy of the late Dr. Winn
and University of Arizona Press (WINN, 1967a)

BirsNER (1950, 1955, 1959), FINpDLEY and MELICK (1967), ForsEE and PERKINS
(1954), GREER (19492, b), HUGHES et al. (1954), HypE (1955, 1958), KraPIN and
LoveLock (1948), MaRks et al. (1967), MELICK (1950, 1957), PAULSEN (1967) and
WeIsEL and OWEN (1949). It is of interest that WINN found it appropriate to
modify within 10 years his original strong antisurgical inclination (Winn, 1942).
The antisurgical argument is based on the undeniable hazard of surgery, and the
undeniable occurrence of spontaneous healing in a few instances of coccidioidal
cavitation. Nevertheless, among the writer’s colleagues, both internists and chest
surgeons, there is increasing consensus for resection.

An interesting feature of coccidioidal cavities is the presence in a good many
of them of C.immitis in the mycelial phase (Fig. 10) (FIESE et al., 1955; PUCKETT,
1954 ; HuNTINGTON, 1959a, b, 1967b).

Cavities are by no means the only serious coccidioidal lung lesions. The rela-
tionship of coccidioidomycosis to bronchiectasis is sometimes indubitable, and pro-
gressive caseating non-cavitary coccidioidomas are sometimes encountered
(O’LEARY and CURRY, 1956; HELPER and WaATTS, 1945; ALZENAUER et al., 1955;
OWENS et al., 1960 ; SALKIN, 1967 ; HUNTINGTON, 1959 ; HUNTINGTON et al., 1967Db).
Moreover, massive acute coccidioidal pneumonia (HuNTINGTON et al., 1967b) can
be fatal with or without metapulmonary dissemination.

Although some students (BAKER, 1946; ForBUS and BESTEBREURTJE, 1946;
WINN, 1967) have tended to deprecate comparison of coccidioidomycosis and
tuberculosis, others (Bass, 1945; Dickson, 1929; YEcian and KEeGeL, 1940;
MOooRE, 1945; SmrTH, 1942; SALKIN, 1967; HUNTINGTON et al., 1959b; HUNTING-
TON, 1967b) have found it ap