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INTRODUCTION

THEKE are several excellent textbooks of medical my-
cology, presenting the subject in a well balanced form.
The field is so large, however, that space limitations
cause some aspects to be discussed only briefly, while
some even more potentially valuable material is omitted
entirely because it is controversial or insufficiently well
understood for the implications to be covered with suffi-
cient brevity.

_The present volume is not intended 10 compete with
such complete texts, but to supplement them somewhat
by presenting the clinical and immunologic aspects of
fungous diseases in more extended detail. While jt is
primarily intended for chmcians, it should appeal also
to all who are interestd in medical mycology and the
study of infectious diseases in general beyond the level
of pure laboratory technology. In particular it is hoped
that some of the deficiencies 11 our factual knowledge
an thas field will be eliminated by research directed against
some of the problems spotlighted by this discussion.

Bewng 2 clinical physician in private practice, and
non-salanied in any research or teaching capaaiy, it is
far beyond this author’s time or intellectnal capabilities
to present this subject 1n a form deserving to be entitled
“The Pathogenesis of Fungous Disease” as did Rich so
admirably i the field of tuberculosis. It is hoped, haw-
ever, that someone of such caliber will read this volume,
and be stimulated suffictently by 1ts shortcomings to pro-
duce an adequate treatise

v
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To the casual observer, the sequence in which the
various diseases are treated here will scem entirely pur-
poseless, and the proportion desoted to cenain disorders
grossly overbalanced. The author, however, believes that
this format will convey the maximum in clarity of un-
derstanding to those who will read continuously from
cover to cover, Realizing nevertheless that not everyone
can or will do so, and that incsitably there will be times
when but one of its chapters will be eonsulted as a hasty
reference by someone interested in only a single discase
entity, an attempt has been made to cause each chapter to
he intelligible if read alonc, at least if its references to
other pages are followed. There §s thus some duplica-
tion in the various chapters, for which the patience of the
ideal rexder 15 solicited.

Fungi cause disease in human beings in two widely
divergent types to which the adjectives “superficial” and
“deep™ are usuaily applied. The former is acquited with
extreme [requency, probably by the great majority of al}
persons at some time or other, but only rarely in a farm
sufficiently severe to be classed as more than a nuisance.
Here the funge Yinue their pathogemic activities 1o the
shin, being apparently unable to survine in any of the
deeper tissues of the body,  In face, their range is asually
cien narrower, amolving only the dry, Leraunized por-
vons of the skin, hair and naifs, producing no fesions
which could cause a penmanent mark to be lefe upon the
body, and mducing no demonstrable changes in its living
cells, or in its immunologic or allergic capabiluics.

In a small percentage of cases, howeser, the infection
penetrates more deeply. even incapacitating the indwiduat
for a considerable ime and producing changes which arc
sometimes permancite ot ks wmemune allergic status. In
spite of extensive study, the vanaus factors which influ-
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ence these processes, and to what extent they may progress,
are not yet well understood, resulting in embarrassing
YNmitations in the effectiveness of diagnostic and thera-
peutic methods. It appears probable that progress in this
field might be accelerated by applying principles learned
by first studying other infectious discases, in some of which
changes apparently of corresponding significance are to
be encountered, but in much more pronounced degrees.
It is believed that some of the “deep” mycoses in particu-
lar have much to offer in this regard. Thus, in the present
volume, the superficial fungous infections are discussed
last, not because they are relegated there as being unim-
portant, but because it is thought that more can be ac-
complished by first blishing a base by studying more
casily understood diseases

Because of the comparative rarity with which they
are acquired by human beings, the systemic fungous in-
fections have received but scant attention by the vast ma-
jority of scientists. While 1t must be admitted that, at
the present ume and under ordinary circumstances, sel-
dom will an opportunity arise for any individual practi-
tioner to utilize Anowledge of such diseases directly to
the benefit of a patient, there are several reasons why an
intimate study of this subject is to be highly recom-
mended

Furst, there is such a wide variation in the chnical pic-
tures produced by the several “deep” mycotic infections,
that they must be constantly kept 1n mind in the differen-
tial diagnosis of any syndrome whose etiology is not at
once otherwise clearly evident  For lack of wider dis-
semination of this knowledge many such cases have been,
are being at present, and will continne to be missed
completely; or diagnosed only 1n the last stages, too late
forany attempts at therapy to be successful, and frequently
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not until necropsy, furnishing then a case report facking
many of the features of the clinicat course of the discase
necessary to enable it to be studied in retrospect and o
be included subsequently in any statistical investigations.
Progress is thus greatly retarded, since the very rarity of
these cases makes it difficult for any one physician to be-
come expert, from his own personal experience, limited as
it must almost certainly be to the observation of only 2
few such instances within his lifetime.

Second, there is reason to believe that systemic fung-
ous infections have been becoming more prevalent re-
cently and that they will probably continue to increase
in incidence. In some instances areas of endemicity ap-
pear 1o be enlarging and new foci are being discovered
at some distance from the original locus indicating a need
for better epidemiologic understanding. Furthermore,
as chemotherapy and antibiotics reduce the pathogenic
activities of bacteria and spivochetes, fungi have an en-
hanced opportunity; some such drugs scem even to pro-
mote the likeliliood of infection by these organisms.  As
other fatal discases become better controlfed, the inci-
dence of systemic {ungous infections will increase in per-
centage if for no other reason than the fact that we must
all eventually die from some cause or other.

Third, {and by far the most important) there are in.
dicavions that our nowledge of infections discases in
general could be greatly increased by wtilizing pathways
blazed by first studymg the deep mycoses, in which cer-
tain features are much ess complex than in non mycotic
infections

With regard 1o the therapy of fungons discases them
sehies, it a8 becoming increasingly apparent that the at
tainment of complete success through the discosery of a
perfect chemical funzicide 15 unlikely To be ideal such
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a substance should have many attributes; it should be
stable, soluble, colorless, odorless, tasteless, absolutely non-
toxic to humnan beings, free of undesirable side-effects, and
active against all pathogenic fungi wherever they might
be located in the body, and in concentrations casily at-
tained and maintained by oral or parenteral administra-
tion. To reach such a goal would indeed require a con-
stellation of fortuitous circumstances far beyond the an-
ticipation of any serious scientist. Yet an astounding
amount of effort has been expended in this direction,
principally because the possible financial rewards loom
so large In itself this effort is not entirely regrettable,
since it may succeed eventually, in part at least. But it
is alarming to observe how little in comparison is being
done in other directions.

It is profoundly significant that no fungous diseasc
reaches serious proportions or lasts for any considerable
time unless it involves a person who is abnormal. It will
be emphasized 1n the succeeding chapters that, for ex-
ample, coccidiomdomycosis becomes serious in only one of
every thousand persons who acquire the disease, and that
that one person must possess a defect in his immunologic
processes; in fact this defect almost certainly was present
even before the infecuon was acquired. As another ex-
ample, of one hundred persons infected with Trichophy-
ton rubrum continuously for many years, there will be not
more than one spouse who becomes infected, even though
hiving 1n an environmental sea of wiable spores, while
there will be a few children (blood relatves of the pa-
tents) who do become involved. Here there must be a
defect of some sort in resistance which allows infection
to take place, and this defect seems to be hereditarily
transferable.,
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Because of many such phenomena, it is unwise to
d\am}el all of our effort into studying the fungi and their
chemical adversaries; we need to study equally difigently
the_ mechanisms of natural and acquired immunity and
vesistance against their invasion. We need to study the
few patients who have these discases in serious form and
learn wherein they arc deficient and how the deficiency
can be corrected. It is probable that such a retum to
normal in this regard would find the patient able to fight
the infection successfully without benefit of fungicides.

In other words, too much effort is being expended
in studying the bugs and the drugs, and not enough in
studying the mugs, the lugs, the pugs and perhaps the
thugs who have acquired these infections.

I this regard, the author believes that the systemic
fungous disease coccidioidomycasis can be an especially
valnable gunide in the study of infectious diseases.  This
disorder exhibits a umique series of well defined phe-
nomena in the realms of cpidemiology, pathology, allergy
and immunology which can be apparently correlated with
the clinical course of the disease 1 such a manner as to
furnish better criteria for prognosis and treatment than
we have 1 other diseases.  Some of these phenomena ap-
pear to be dupheated, at feast partially, it several other
decp mycoses, and ndeed in some non myotic diseases,
s0 that by using expenience gained 1n the study of coccidi-
odomycosts, one can someumes pursuc an interesting
thread of theory through a maze of apparent contradiction
In auempting to follow a few such pathways the author
has encountered several anstances in which certain hither
to perplesing aspects of infections diseases seem to be
rendered lozically explamable, mdicating that perhaps

the trail is indeed the nghit one
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Beginning slowly and continuing admittedly inter-
mirtently at first the author has been a swdent af cocci-
dicidomycosis in an ever increasing degree for some 25
years. During this interval he has had the benefit of per-
sonal acquaintance with and the teaching efforss of many
of the pioneers sesponsible for our present factual hnowl-
edge of that discase, including Howard Morrow, Fhram
E. Muller, Harry P. Jacolison, John F. Kessel, Mymie A.
Gifford, Charies E. Smuth, Robert M. Stewart and Edward
M. Bute. It is admitted at the outset that any one of these,
his teachers, has probably had a richer actual observational
experience in this field than he, and that he therefore is
subject ta criticism for his presumption in allowing him-
self to be selected as the proper one to prepare this mono-

graph, since st were better done by one more expert,

In partial expiation of such | ptiveness, how-
ever, it can be painted out that the author has had several
ather peculiarly advantageous opportunities to study
fungous infections. The grestest of these has been an
almost brotherly alhance during the past 12 years with a
mycologist, exceptionatly well g ded ¥ icalty, and
greatly interested in the medical aspects of that specialty,
Doctor Orda A. Plunkett of the University of Californa
at Los Angeles. This relanonship has furnished a founda-
tion in mycology firm enough to support 3 stature much
greater than the author can ever hope to attain.  In addi-
tion, ot several years he has been privileged to be one of
a group of scientists assembled yearly for the purpose of
teaching medical mycology to members of the American
Academy of Dermatology and Syphilology. An oppor-
tunity has been thus afforded 1o heep his views concerning
the deep mycoses concurrent with the latest facts by in-
timate discussions with those especiaily experienced in that
field. J Gardner Hoplins, Fred D Weidman, George M.
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Lewis, Arthur C. Cortis, John H. Lamb, Nomman F,
Conant, Lucilte K. Georg, Mary Ellen Hopper, J. Lamar
Callaway, John A. Gammel, Jacob H. Schwartz, Arnuo L.
Carrion and Leslie M. Smith have thus contributed to his
education, for which he is profoundly gratefal, Personat
interviews with Chester W. Emmons of Washington, M. L.
Furculow of Kansas City, Floriano P. de Almeida and
Carlos da Silva Lacaz of Sio Paulo, Brazil, Flavio L. Niiio
and Pablo Negroni of Buenos Aires, Aréa Leo of Rio de
Janeiro, Juan E. MacKinnon of Montevideo and Antonio
Gonzalez Ochoa of Mexico have been especially vatuable,

Alsa, the author is perhaps the only physician fortu.
nate enough to have had the opportunity to observe and
follow three cases in which organisms capable of causing
systemic fungous infections were Anown to have been in.
oculated intracutancously into human beings. The study
of these almost “experimental” infections aflorded clues
which clarified some perplexing aspects of his views.

It has long been obvious that all of the experienced
scientists lieretofore mentioned have followed and will un-
doubtedly continue to follow the ethics and conventions
of scientific writing (even as has, indeed, this author until
now}: and that therefore that portion of their views which
exists in their minds as mere theory and concept will be
withheld from publication until it can be supported by
adequate proof. Such proof will not easily be assembled
by any one investigator if he wants unsil hie has personally
observed a sufficient number of eases of disease as rarely
encountered as the systemic fungous infections.  The au-
thor believes that such conservative waiting has already
caused some contributions ynvaluable to the clarity of our
understanding of these discases to be lost to us by the

death of their possessors
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Hence, in these introductory paragraphs of this mono-
graph it is necessary to warn the reader specifically to
avoid the inference that there is as yet adequate proof for
all the views expressed hercin.  Wherever exact references
cannot be cited it is beyond the power of the author to re-
call which of these ideas originated within his own mind
and which were implanted there by conversations with
otfier persons or by reading. No claim is made, thercfore,
for originality in any of these theories; they have simply
been collected so that they could be presented together,
supported by facts wherever possible and by argument
where proof is not yet at hand. It is not anticipated that
all of these concepts will eventually prove to be valid; in-
deed it is virtually certain that some will not. It is con-
sidered safe to proceed, however, since cvery effort has
been made to insure that the presentation of these views
will not cause harm to come to any patient but will in-
stead tend to add to the efficiency with which his disorder
may be combatted.

It is hoped that four purposes may be accomplished:

First, that the study of fungous diseases in general will
be stimulated, resulting in the correct diagnosis of a
larger percentage of those cases actually in existence, and
early enough in the course of the disease to afford time for
a therapeutic approach to be successful.

Seccond, to focus attention upon the value of more de-
tailed investigation and recording of the facts concerning
each individual case of entities so rare as are some of these,
so that the resulting case reports may be studied subse-
quently by all interested scientists without discovering
omissions rendering them useless for statistical inclusion.

Third, to furnish improvement in our guides to
prognosis and therapy in the mycoses and perhaps in other
infectious diseases, thereby (1) guarding against relapses
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due to injudiciously early resumption of physical activity,
(2) aveiding unnecessary and sometimes harmful medicat
and surgical intervention, and (3) rendering the evalua
tion of drugs and other therapeutic modalities much mote
accurate,

Fourth, to invite the cooperation of all worlers in the
critical evaluation of these concepts, so that they may be
proved or disproved, (and whenever possible improved),
leading to a true understanding of the patl is of
these diseases and to their therapeutic conquest before the
lapse of the several decades which might otherwise be re-
quired.
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Chapter 1

COCCIDIOIDOMYCOSIS AS A GUIDE IN
THESTUDY OF INFEGTIOUS DISEASES~
THE EVOLUTION OF THE CLINICAL
CONCEPTS

Ix serre of intensive research extending over many years
the processes by which the human body acquires immu-
nologic resistance to most of the chronic infectious discases
remain obscure. With few exceptions, methods by which
such resistance may be artifically produced or stimulated
have not been discovered.

Many features of the path and i ot
of coccidioidomycons are app ly much less pt
than those encountered in other infections Because of
the conviction that intensified study of this disease might
yield clues leading to 2 better understanding of other more
complicated infections, it seems worth while to present
here the subject of coccidiordomycosts in considerable de-
tail, attempting thereby to estabhish a foundation of
understanding which will serve to support later discus-
sions of more difficult problems. A brief factual back-
ground of the clinical and pathological aspects 15 included
but the detals of the mycologic laboratory procedures are

omitted since they are thoroughly covered in many other
texts,

®r
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Gifford examined stools, and sputa from such patients.
She found no worms, but a fungus was repeatedly ob-
served, and when culturaily studied was identified as
Coccidivides immitis. Discussion of this phenomenon
with Dickson, who had observed a case of coccidioido-
mycosis originating as a laboratory infection by the in-
halation of material from an old, dry cufture, led to fur-
ther studies, and it was not long before this fungus became
firmly established as the sole cause of “Valley Fever,”
entering the body by inhalation of spores borne with dust
upon the wind. Thus there was brought to light another
form of cocciodioidomycosis, which was entirely differcnt
from the chronic granulomatous, widespread highly fatal
type previausly so well recognized and which, at the time
of its first discovery, bore no apparent relation to it. In
contrast, in these patients the infection remained limited
to the fungs, caused temporary allergic reactions in the
skin, and resulted almost invariably in complete recovery
without scquelae. This became hnown as “primary pul-
monary coccidioidomycosis” and is synonomous with
“Valley Fever.”

However, 1t was soon noted that a few paticnts who
had been diagnosed as having primary pulmonary cocci-
dioidomycosis did not ymprove after a short time, as W
the rule, but instead grew worse. Lesions eventually ap-
peared mn the skin, bones and viscera and the clinical pic-
ture gradually changed 1o that of the long familiar cocci-
dioidal granuloma It was soon proved that this syndrome
developed because the organisms had been scattered from
the primarily infected lungs extensnely throughout the
body by way of the blood stream.  Sulsequently the term
“disseminated cocadioidomycosis™ began to supersede it
synonym “coccidioidal granuloma™
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Following a small but most instructive epidemic in
which 10 of 14 persons developed “Valley Fever” {ollowing
the inhalation of desert dust raised by an attempt to dig a
rattlesnake from its hole, Stewart and Meyer were success-
ful in culturing Coccidioides immitis from the soil of the
area, a finding confirmed many times since. It now be-
came clear that the epidemiology of the infection was for
the most part dependent upon climatic conditions favor-
able for the production and geographical dissemination
of terrestrial dust. Emmons pointed out that certain
rodents may serve as vectors to infect new areas of soil.

During the latter portion of the “early period” in-
vestigations began to be carried out dealing with the im-
munologic and allergic ifestations of coccidioidomyco-
sis, and many important discoveries have since been made.
These features are to be presented in detail in succeeding
chapters where their tremendous significance can be
pointed out.

In what may be called the “recent period” anolher
chnical form of coccidioid, osis has been deli
It will be recalled that the enrly \mrkers believed that

“coccidioidal g " or as the re-
sult of dll’CCl primary inoculation of the causative fung
mto the skin by means of a puncture wound. With the
discovery that “Valley Fever” was actually “primary pul-
monary coccidicidomycosis™ and that all of the previously
observed forms of the granulomatous type could result by
dissemmation of the organism from that focus through the
circu]ating blood, fewer and fewer cases were subsequently
attributed to direct cutaneous inoculation. Nevertheless
some cases were still so accepted unul 1n 1947 this author,
Smith and Plunkett were privileged to study a patient who
was known to have received an inoculation of Coccidioides
tmmitis into a finger wound. The resulting syndrome did
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Primary Pulmonary Coccidioidomycosis

Far from being the rare disease it was originally con-
sidered to be, it is now established that almost all pre-
viously uninfected persons who inhale C. immitis in any
significant quantity acquire the disease, The incubation
period is from 10 days to 2 weeks. In more than half of
these persans, however, the infection produces no symp-
toms whatever, and they remain entirely nnaware of its
presence throughout its course, after which they are
nevertheless apparently immune to reinfection. These
facts are vevealed only because during the process these
individuals acquire the ability to react to the “skin test”
with coccidioidin (to be discussed in detail later in
Chapter 6). This test reveals an increasing percentage
of positive reactors among those “narmal” persons bom
mte or moving into endemic regions for each year of
their subsequent residence there, in some regions reach
ing 90%% or more within 3 or 4 years. Even in those
cases in which symptoms do appear, they are frequently
very mild, being classed by both patients and physicians
simply as “colds” or “influenzm.” However, in others the
illness may be very severe, accompanied by pulmonary
symptoms and signs of almost any type and degree, none
of which, however, is speosfic for this discase. Feser,
malaise, chills, cough, noctidrosis, nasopharyngitis, chest
pan, headache and backache are commonly encountered.

Pathologic pulmonary changes ocenr in a wide
variety, including various combinations of pleurisy, effu-
s0p, Inlar thickening, parenchymai nodules, broncho-
¥ or lobar ¢ fidation, cavity formation and
mitiary scattering.  Physical examination usually reveals
fess than the changes which are actually present would
indicate. Rales. duflness, suppression of breath sounds
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and pleuritic friction rubs may be demonstrable. X-ray
examination is frequently negative even in well developed
cases, but in others a wide variety of abnormalitics may
be encountered most of which cannot be dilferentiated
from those due to other pulmonary discases. A fuzzy
peribronchial infiltration in the hilar region is the rule in
mild cases, while in more severe illness a solt, homogenous
bronchopneumonic infiltration is characteristic, more
likely to favor the middle and lower lobes in contrast to
tuberculosis. In these areas there are often isolated, well
circumscribed nodules, suggestive of metastatic malig-
nancy. Cavities occur frequently, characterized by being
exceptionally thin-walled and free of surrounding par-
enchynial infiltration, so as to suggest cysts, they are fre-
quently not revealed by ordinary flat radiographs but only
by planograms. Plural effusion occurs in about 20%, of
cases but tends to be minimal and evanescent.

In from ! to 2 weeks alter the onset of symptoms,
allergic eruptions appear in percentages of cases varying
from 30% in white women to 2% in deeply pigmented
men. Any form of erythema multiforme may be seen, but
the commonest and most typical is erythema nodosum,
consisting of ene or a few large tender, erythematous
nodular swellings sitnated usually below the knees.
These manifestations are caused not by the spread of the
infection itself, but by the hematogenous scattering of
toxec products derived from the pulmonary focus, acting
in conjuncuon with the specific cutaneous hypersensitiza-
tron which has developed, manifested 1n parallel fashion
by the ability to react to the skin test with coccidioidm
There are, theref “coccidioidids,” lagous to triche-
phytids, wberculids, etc. Acute arthmtis occurs occa-
sionally by the same mechamism. Any of these allergic re-
actions is usually accompanted by a significant degree of
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cosinaphilia. This reactivity is extremely valuable in
prognosis, because patienss who exhibit any of these
phenomena are virtually certain to recover from the dis-
ease Tapidly and completely; the significance of this im-
portant fact will be discussed later in Chapter 6.

Primary pulmonary coccidioidomycosis results in
complete recovery in all but a very small percentage of
cases, approximately one per thousand, and there are no
sequelae except the persistence of the abiity to react to
the skin test with coccidioidin and an apparently complete
immunity to reinfection which endures for many years,
probably for life. Recovery may be delayed for some
months, however, by extensive pneumonic infiltration,
parenchymatous nodules or large cavities, Such patients
must be carefully guarded, lest they resume pliysical ac-
tivity prematurely and thereby lose the chance of com-
plete recovery. They should also be watched carefully for
evidence of dissemination,

Primary Cutaneous Coccidioidamycosis

As has been stated, it was formerly believed that coc-
cidioidomycosis occurred frequently by direct inoculation
of the fungus into the skin, but recent events indicate that
it is probably extremely rare It must be admitted that a
lesion in the shin is indeed frcqucml) the first indication
of the presence of the disease, but in almost all secorded
cases the subscqucm course of events strongly indicates
that the organisms were brought to that point by being dis-
seminated from a prumary pulmonary focus, prnvmmly un-
recogmzed because of being 00 mild to attract attention.
This is no longer difficult to accept sinee it has long age
become evident that more than half of the cases of the
primary pulmonary type remain enferely subclimeal, and
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many others are never recognized specifically as coccidi-
oidal infections.

This subject might have remained obscure except for
a most instructive case observed in 1948 by Wilson, Smith
and Plunkets, that of an embalmer who acquired an in-
fection in an abrasion on his finger while preparing the
body of a person dead of disseminated coccidioidomycosis.
An indurated, relatively painless ulcerated lesion appeared
at the inoculated site, closely resembling the primary
“chancre™ of syphilis or of sporotrichosis. There was mild
fever. In a short time cight nodules appeared along the
lymphatic channels drai this area accompanied b
lymphangitis, followed by epitrochlear and axillary ad-
enopathy. The picture was identical with that of the
usual type of sporotrichosis. Without the benefit of any
treatment which could have been considered specifically
effective, the entire syndrome subsided and the patient
has remained well up to the time of this writing

These authors enumerated seseral criteria which they
believe should be fulfilled 1f a case 15 o be acceptable as
of this type. In the order of their chronological appear-
ance, these are as follows

CRITERIA FOR A CUTANEOUS PORTAL OF ENTRY

1. There should be no history of significant pulmo-
nary disease immediately preceding the appearance of the
cutaneous lesion

2. The history should be suggestive of inoculation
through a break in the skin at the site of the first cutaneous
lesion observed. Simple “injury” such as a bump or
bruise should be considered mnsufficient evidence

3. Only a short wncubation period should elapse,
probably between one and three weeks, before a visible
Cutaneous lesion develops
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4. The primary lesion should resemble a “chancre”
as seen in primary syphilis or the primary cutancous -
berenlous complex, rather than an abscess or torpid cu-
taneous ulcer.  The lesion should be a relatively painless,
firmly indurated nodule or nodular plaque, with central
ulceration,

5. The precipitin reaction to coccidioidin® should
soon become positive, it should decline somewhat more
slowly than if the discase had been present in the fungs
for a few antecedent weeks.

6. The response to the intracntaneous injection of
coccidioidin® should become positive and should increase
in sensitivity (1-1000 dilution) unless immunity fails to
develop.

7. The complementfixation reaction® should be
negative at first, and remain so for several wecks, after
which it shonld be present only in low titer, unless im.
munity fails to develop.

8. Lymphangitis and lymphadenopathy should de-
velop, but in the region of drainage only. Desvelopment of
nodules similar 1o those seen in sporotrichosis may be
expected.

9. Spontancous healing of the “primary” cutaneous
syndrome should occur within a few weels (unless the
patient s immunologically defecuve: This should be
anticipated in but one or two per thousand instances).

A careful search of the literature up to the time this
paper was published indicated that there had been only
one simnlar case previously reported (Guy and Jacob).
Very recently, howeser, Trimble and Doucette have
studdied a coccidiodal infection acquired percurancously
by a laboratory worker whose skin became contaminated
by culture matenal of Coccidioides The clinical picture

*Sce Chapters $ and 4
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and more extensive pufmonary involvement, and finally
begins to develop lesions by the hematogenous dissemina-
tion of the living organisms to the skin, bones, central
nervous system or other viscern. In striking contrast to
the benign primary form, this type is fatal in perhaps 505
of instances.

Although the inhalation originally of massive amounts
of fungus spores cannot be excluded as a significant factor,
the principal cause of dissemination seems to be the fact
that certain individuals apparently possess an jmmunity
mechanism inherently delective in some vital feature.
Whether or not dissemination is destined to take place is
apparently determined very early in the course of the in-.
fection, probably by an immunologic deficiency present
cven before the inoculation occurred.  For reasons as yet
not understood, dissemination is more common in males,
and in those whose skins are deeply pigmented, and it is
this fact, of course, which renders the prognosis so much
pooarer in such individuals.

In coccidioidomycosis we are not as yet able to discern
the nature of this postulated “inherent defect” in the im-
munity mechanisms  As will be shown later (see page 158
and page 178) in histoplasmosis and cryptococcosis there is
a statistically significant relationship between serious forms
of the infections and diseases of the reticuloendothelial
system, suggesting that such diseases yender this system de-
fictent in the performance of one of the most important
duties attributed to it, that of producing antibodies by
which specific immunity against a certain infection s con-
ferred.  No such correlation has been thus far observed
n cocadiordomycosis.

Beginping 1934, L. Pillemer and a group of co-
workers centered about the Institute of Pathology at
Western Reserve Unisersity have presented a series of re-
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widely distributed tiny foci simulating miliary tubercu-
losis, and leading to early death. At the other extreme a
person previously entirely unaware of any illness may
develop a solitary lesion which then progresses slowly or
even intermillently. Many such lesions may heal and
some of these patients eventually recover completely. In
others still more foci develop, enlarge and ultimately cause
death sometimes after only a few months, sometimes not
for years.

Di ination most ¢ ly involves the lungs,
skin and subcutaneous tissues, banes, joints viscera,
meninges and brain. Except in those very rare instances
in which the skin furnished the portal of entry, the dis
covery of extra-pulmonary lesions is proof that dissemina-
tion has occurred. It is in stnihing contrast with tubercu-
fosis to observe that the gastrointestinal tract is remarhably
resisant to coccidioidal involvement, resisting the organ-
1sms when they are disseminated to it by the blood stream
as well as when they are ingested.

Dissemination 15 to be suspected in the lungs them-
selses, rather than simple increase in severity of the pri-
mary infection, when the mediastinal adenopathy is
marhed and progressive, and when lesions resembling the
adult type of tuberculosis develop, particularly in the
apices. Dusseminated lesions in bone are likely to select
points of tension or pressure such as the insertion of
tendons or ligaments; they present a peculiar “punched
out” appearance, resembling cysts, with a sharp tine of
wansition from destroyed bone 1o that which is still
healthy. If bony lesions extend to involve joint cavitics
the weight bearing surfaces are characteristically spared at
first 1n contrast to tuberculosis

Dissemination nto the skin produces one or more
subcutaneous abscesses which slowly enlarge, and after
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ing a tuberculoid structure with giant cells in the center
where the mature organism is found with its endospores
When the spherule ruptures the entire cycle is repeated.
Thus, the general appearance microscopically is that of a
tissue reaction of mixed type, varying from the most acute
in one tiny area to the most chronic in another close by.
‘When to the series just described is added the cosinophilic
infiltrate so characteristic of the allergic erythema multi-
forme stage of primary coccidioidomycosis, it is rcalized
that this disease runs the entire gamut of non-neoplastic
pathologic infiltrations.

In histopathologic study of material taken from the
original “chancre” in the casc of primary cutancous coc-
cidioidomycosis reported by Wilson, Smith and Plunkett,
a similar reaction of mixed type was noted, varying from
an acute inflammatory infiltrate in some areas in which
polymorphonuclear cells predominated with some eosine-
phils and lymphocytes, to a chronic, granulomatous re-
action in contiguous spots, in which epithelioid cells, small
lymphocytes and giant cells were seen.  With the excep-
tion of the eosinophils, these are the histopathologic
features commonly considered to be typical of coccidioi-
domycosis, Tegardless of the location ot type of infection.
The coccidioidal spherules were sparsely distributed and
difficult to discover. The same pattern was observed in
material taken from the regional lymph nodes.

These features are at varance with those to be €
pected in primary “chancres” of ather infectious granulo-
matous diseases, at least in the early phases wherein an
acute reaction predominates and the causative organisms
are present 1n large numbers. It is most important, how-
ever, to recall that the tissue examined in clie case in ques-
tion was not obtained until five weeks after the onset of
the infection, at a time when considerable involution had
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taken place. In comparison, a “chancre” due to syphilis
would have similarly involuted during such an interval
so that the ériginal acute phase of the inflammatory process
would have become more chronic and the spirochetes
much reduced in number. Hence it does not seem war-
ranted to conclude that the histopathologic studies in this
case supplied evidence against an intracutaneous portal of
entry, although it must be admitted that they did not
assist in proving it.

This question has now been solved by the observa-
tions of Trimble and Doucette, who were privileged to
obtain specimens for histopathologic study very early in
the course of the discase in their patient. They reported
that the early phase was characterized by an acute in.
flammatory reaction within which fungous spherules were
numerous and easily seen. This is consistent with the pic-

ture to be expected in the primary “chancriform” stage of
other diseases,

Diagnosis

The diagnosis of cocaidiordomycosis is made by dis-
covering the typical spherules of Cocerdioides containing
endospores, 1n sections of diseased tissues or by recovering
the fungus in artificial culture or by animal inoculation.
Details of these precedures are available m textbooks of
mycology. 1t s also accepted that a patient who exhibits
7o Teactivity to the skan test early in the course of an 1l
ness, but develops positive reactivity later can be accepted
2s having the disease. A positive reaction to the specific
complement fixation test 1n more than small, doubtful
concentrations indicates the presence of active coccidior-

domycosis, as does a positive reaction to the coccidioidin
Precipitin test



Chapter 7

COCCIDIOIDOMYCOSIS AS A GUIDE IN
THESTUDY OF INFECTIOUS DISEASES—~
THE SIGNIFICANCE OF THE
INTRACUTANEOUS COCCIDIOIDIN
TEST

Bzcx.\'\‘wc in 1915 scveral early investigators working
with coccidioidomycosis, notably Cooke, Davis, and Jacob-
son, investigated shin testing procedures using extracts of
enltures of Coccidivides which they called “coccidioidin.™
‘What would be considered by today’s standards to be tre-
mendous quantitics (0.3 to 04 cc. of the undiluted ex-
tract) were injected intracutaneously into patients known
to be suffering from coccidicidomycasis and jtto a scries
of “normal” controls. The delayed tuberculin type of re-
sponsc was often obtained, but it was concluded fmally
that the test had little specificity and was worthless for
diagnostic purposes, since the majority of patients with
proved cocardioidomycosis reacted minimally or not at all,
while severely positive reactions were encountered fre-
quently in the “control” group, that is in persons who had
never been 1)) in a manner even remotely suggesting that
disease  In the light of subsequent events this conclusion
stands as a shining example of a testing procedure veceiv-
ing the blame for shortcomings esentually proved to be
anributable to those persons interpreting the significance
22
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to actually precipitate such manifestations, or to cause
them to recur after they had once subsided.

Carrying this program still further, the conversion
of the test from negative to positive was observed during
Ehe course of many cases of respiratory infections occurring
in seasons of the year other than those in which “Valley
Fever” was to be expected or in general too mild to have
bccn‘olhcn\'isc recognizable as such. Then it was shown
that in certain geographic areas a high percentage of per-
sons in the general population are able to react positively
to the test, in spite of the fact that the majority of them
can recall no illness whatsoever suggestive of the dicsase;
also that the percentage of positive reactors increases as
the agegroup of the individuals increases, and as the
length of residence in the endemic area increases so that
in some regions four years of residence almost certainly
confers positive reactivity (rate of infection 25 to 505
per year.) ‘That this infection is indeed limited to cer-
tain geographic areas was evident when no positive re-
actors to the test using the same material were found
among the general population in several regions in the
Eastern United States.

One aspect of the significance of the intracutaneous
coccidioidin test now began to be clearly understood It
became evident that the ability to react to this procedure
is acquired during the course of an acutc respiratory in-
fection with Coccidioides, even though st is often entirely
subchinical; and that this reactivity persists, perhaps for
life, but at least for many years after the cure of the dis-
case. A positive reaction thus indicates that the discase
cither is present at the time of the test, or has been present
at some time in the past life of the individual.  (These
facts are, of course, consistes<3s” expep™™i ith the
tuberculin skin test) T
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case, coccidioidomycosis is now known to be very common,
and to be acquired by almost all exposed persons, causing
a pulmonary disease of varying intensity but, in more than
half of the cases, so mild that the individuals remain en-
tirely unaware of its presence.

However, it was observed that a certain few patients
suffering from an acute respiratory infection classifiable
as coccidioidomycosis by the culture of the sputum did
not develop the ability to react to the skin test with coccid-
ioidin, or reacted but poorly and for a short period of time
only. Some of these patients eventually developed the
chronic, granulomatous, disseminated form of the disease
and died without ever regaining any high degree of re-
activity to the test. It soon became established that this
cutaneous anergy toward cocardioidin is the rule in fatal
cases, except when death occurs with such great rapidity,
that it overwhelms the patient before sufficient time has
elapsed for whatever degree of reactivity has been present
to be entirely lost (e.g., in meningitis) This terminal
anergy is consistent also with the known facts concerming
tuberculin testing. Thus a negative coccidiondin shin test
does not rule out the presence of coccidioidomycosts; per-
sons destined soon to die of the disease will usually be

as equally non-reactive as those who have never had it at
all

The mechanism by which this “anergic” phase ts pro-
duced is not clear. In other diseases such “terminal
anergy™ has been most frequently attributed to saturation
of the receptor antibodies in the skin by excessive amounts
of “circulating antigen” derived from the parasitic or-
ganisms. While this theory seems acceptable to explain
some of the accompanying phenomena, there are discrep-
ancies which appear to be potent evidence to contradict
its validity, It 1s true that in most cases cutaneous anergy
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is obsenved in conjunction with the demonstrable Ppresence
of large amounts of diseased tissue, containing of course,
myriads of fungous cells. Also that the complement fixa-
tion test reveals a high concentration of the specific “anti-
body™ which enters into that test. This is the only sub-
stance which has as yet been demonstrated Ly any test to
be present consistently whenever the disease is in a severe,
extensive phase. However, there is no evidence for, and
much evidence against the belief that complement fixing
antibody, in any quantity whatever, can neutralize skin-
test reacting potentiality, either temporarily or per-
manently. Also, some cases of coccidioidomycosis exhibit
cutaneous anergy contintously during many months or
even years, while all evidence, clinical as well as serolog-
ical, points to only a small residual focus of active disease.
Conversely, many patients with coccidioidomycosis retain
a high degree of cutancous reactivity, cven kyperergy over
long periods of time during which extensive amounts of
heavily diseased tissues are easily demonstrated.

It scems somewhat more logical to aseribe this anergy
simply to the failure on the part of the patient to develop
or to maintain reactivity, perhaps because of the same de-
fect in his immunologic mechanisms which causes him to
fail to develop immunologic resistance.

Having pointed out the value and the limi!;lll'ol] of
coccidioidin skin testing in diagnosis, let us now cnnudfr
another aspect of its uscfulness, its value in prognosis.
It has long been recognized that “Valley Fever” is a “once
in a lifetime” occurrence, belonging in this regard 1 l{:r
same class as measles, mumps, varicella and variola in
which one well developed attack confers lifelong immu-
nity to subsequent reinfection. In contrast to these other
diceases however, by utlizing the cocerdioidin test we can
determine which indniduals in the general population
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have had coceidioidomycosis and are hence immune to
further acquisition of that infection. We need only be
cautious in ascertaining that those individuals who react
positively to the test do not possess the disease in an active
form at the time the test is made; i€ they do not, then we
can predice that they will not subsequently become in-
fected if exposed This is a definite departure from the
behavior of the tubereulim test, for pasitive reactors to it
can be reinfected with tuberculosss, and are, indeed, often
affected more seriously by such reinfection than those who
do not so react,

As has been pornted owt, those patients who present
erythema nodosum or multiforme as a part of their carly
coceidioidomy cosis regularly react violently to coccidioi-
din, yieldng positive reactions to as hutle a3 a 110,000 d-
Jution. These persons are resistant m the highest degree
to the serious, granulomatous form of the disease, and
hence never succumb to it.  They uniformly recover rap-
idly and are thereafter apparently highly immune to rein-
fection. No case reported contains definite evidence
against this statement, although the following additional
argument is necessary.  The author has personally ob-
served one case in which the history indicated a likely
exposure to Cocridiordes and the patient’s principal pre-
senting symptom was a large, tender, reddened swelling
on the antero-lateral surface of 3 leg, entirely typical chin-
ically of erythema nodoswm  During the first interview
the author reassured the patient, staung that if his disease
were shown ta be coccidiordomycasis, as seemed hikely, his
Pprognosis was very good, citing tus belief that in that dis-
ease erythema nod shways ind; d rapid, pl
recovery and subsequent immunity. This dictum had to
be tentatively reversed with considerable embarrassment
48 hours later when it became evident that the patient's
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skin had failed to react to coccidioidin in a 1-1000 dilution
and this reversal later confirmed when a 1100 dilution
had also failed to elicit a response.  Liquid material as-
pirated from this lesion then revealed numerous spherules
of Cocridioides, as did a histopathologic preparation.
Thus, the lesion presented by this patient was not ery-
thema nodosum, watranting a good prognosis, but the
first of several extrapulmonary lesions of the disseminated
form, indicating a poor outlook. Ampntation of the Jeg
was eventually resorted to before this patient became well,
The authior knows of two other similar cases in which
patictits presenting acceptable crythema nodosum by cln-
ical opinion, eventually manifested the serious, granulo-
matous dissemninated disease; in both instances there is
reason to believe that this clinical opinion was erroncous,
and that instead these nodular lesions were already of the
disscminated 1ype. 1t must also be pointed out that even
though erythema nodosum or multiforme is actually prev
ent concomitantly with coccidioidomycosis, the aflergic
portion of the syndrome may have arisen from yet an-
other infection, or more plausibly, from a drug adminis
tered for nonspeafic reasons. It is necessary, thercfore,
1o confirm the chnical impression that true allergic ety
thema nodosum or multiforme is present and is being
caused by Coccrdiordes by showing the skin reactivity to
cocerdioidin to be high, before utilizing thts feature 23
evidence to support a good prognosis. When m doubt,
failure 10 reveal the organisms by smears, cultures and
biopsy study of histopathologic preparations of such Je-
sions will be helpful evidence of ther allergic nature by
denying the presence of the serious, granulomatous lol:m.

From the foregoing it can be seen tint there isa wide
range of reactwvity to the intracutaneaus injection of coc:
cidioidin m patients known ta possess the discase, vary-
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ing from an intense reaction to the material in 110,000
or to 1,000 dilution on the part of those exhibiting ery-
thema nodosum or multiforme, and who uniformly re-
cover and are therefore immune to reinfection, to no
response whatever to the undiluted material on the part
of those about to die. Also that it is among the group
composed of those patients between these extremes, who
derelop only a poor reactivity during the acute primary
pulmonary form of the infection or who exhibit it for a
while only, that dissemination most often occurs, result-
ing in the serious form

It is the above facts which support the thesis that the
clinician may rely upon the degree of reactivity to the
cutaneous test, quantitated roughly by using several di-
lutions, as a measure of the fighting power which the pa-
tient is utilizing against the disease at the tume the test is
performed. As has been shown, this reactivity does not
necessarily remain at the same level for any certain length
of time, it may mecrease or decrease. Therefore, the test
should be repeated at intervals of from 2 to G weeks. If
the reactivity decreascs or disappears in so short an inter-
val, it should be interpreted as indicating a significant de-
crease in the patient’s ability to tesist the discase, and
vice versa, It 18 not certain just how accurately one may
Tely upon this attempt at quantitation with regard to the
result of a single test, but a ¢rend established in one or
the other direction over several weeks may be so used
with great confidence. As a chnician’s yardstick, the ex
tremitzes of this procedure are clearly defined and easily
seen and interpreted The tntermediate markings are
less distinet, even at umes questionable. There is room
for much study before they can be standardized and their
true stgnuficance evaluated
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Those scientists who have extensively studied human
tuberculosis will find the foregoing concept difficult to ac-
cept as true, recognizing in it the counterpart of a thesis
formerly held to be valid with relation to tuberculin test-
ing, but later amply contradicted by several well estabr
lished facts. The author's reasons for maintaining this
concept in spite of such evidence will be presented later,
when, after delineating further useful applications of test-
ing procedures utilizing coccidioidin, the nature of this
testing material will be more appropriately discussed in
detail.
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The Complement Fixation Test Using Coccidioidin
As the Antigen

Thus it is evident that an accurate Pprognosis cannot
be obtained by merely measuring the fighting power
which the patient is mobilizing against the disease, it ic
equally necessary to be able to measure the fighting pover
of his adversary, which is the severity and virulence of the
infection and the extent to which it has progressed at any
particular time, For this vital information clinicians
have learned to rely upon the reaction to another test util
izing coccidioidin; in this examination, it serves as the
“antigen” in the fixation of complement, participating in
a reaction carried out in a fashion exactly similar to the
quantitative Kolmer modification of the Wassermann test.
Here again, as was found with the skin test, a wide range
of reactivity is encountered, necessitating the use of serial
dilutions of the patient's serum eight or ten times (1-128
to 1-512) 1f the end point is to be determined. Specimens
reactive into the twelfth tube in such a series (1-4095)
have been found. 5

That complement fixation could be demonstrated in
coccidioidomycosis was first reported by Cooke in 191:’:
with the comment that the resuls were “mconsiucr.u.
Better success was obtained by Davis, but still the reaction
was believed to be unreliable, probably because his anti
gen was heated m a manner now known to be deleterious.
Later workers, notably groups under C. L. Smith and
Kessel obtained materials capable of giving consistent se-
sults.

Experience covering tens of thousands of tests on
thousands of patients® have consistently revealed a close
" *Chares F Smuth, M. and his collaborators alone had performed
21000 such tests from 1910 to 1950 as welt a1 an equal numher of pre
cpitin tests.
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death, while a lesion of similar small size in the skin or
another less vital organ would be more likely to be suc-
cessfuily combatted and the patient to recover completely
eventually. Patients of each of these two types might te-
veal the same low serologic titer to complement fixation
with coccidioidin.

This anthor would like to suggest one further change
in the wording of this concept, more because of certain
observations in relation to the disease, North American
blastomycosis, than to coccidiodomycosis, but consistent
with the latter as well; this modificaion is 1o state it thus,
“the complement fixation titer measures the number of
organisms of the parasite actively engaged in producing
the disease at the time of the test.” For example, a pa
tient who has extensive erythema nodosum—multiforme
due to coccidioidomycosis may be “severely” il), and he
obviously has a large volume of “discased tissue”; caused
by coccidioidomycosis, but most of this, being allergic in
nature contains no living organisms, and the ¢ nt
fixation titer is accordingly usually low. There are also
examples of chromic disseminated coccidioidomyeotis of
the skin of long duration in which the volume of imvolved
tissue would be cxpected to yield a lgher complement fix:
ation titer than that actually found: an explanation of this
discrepancy is furmshed by the discovery by histopatho-
logic examination of such tissue that Coccidioides organ
isms are present in but very small numbers only. Al
though rarer, this phase of the disease is entircly axf:hv
gous to the chronic eutancous form of North American
blastomycosis (see page 123).

In this author's opinion it may cien prove to be
true that the material present an the serum which acts
conjointly with cocardioidin to fix complement is actuslly
not produced by the patient, but by the Cocadioides or
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other diseases except some of the other deep mjycoses, such
as histoplasmosis, and perhaps blastomycosis and sporo-
trichosis. Even these cross reactions are not very well s
tablished, and better standardization of materials and pro-
cedures may add to the degree of specificity; the utilin-
tion of other diagnostic methods such as cultures should
clarify other instances. It will also usually be found
that these cross reactions will occur only in the less diluted
fractions, while the true reaction of the disease which is
actually present will be positive in a significantly higher
titer.

Two other possible sources of error must be ex
plained. The first is due to the fact that the ability te
react to the complement fixation test is not acquired em-
mediately after the onset of the disease; in fact it is de-
layed in is appearance more than the skin st reactivity,
sometimes even for as long as 3 months. Hence the com-
plement fixation titer cannot be relied upon for diag-
nosis nor prognosis in the early phases of the infection
since it may at that time yield a “false negative.” For-
tunately this gap is filled to a large extent by yet another
coccidioidin test, the “precipitin® test, to be discussc.d
soon. The second discrepancy occurs because there i
reason to believe that complement fixation reactivity may
persist in a low or moderate degree, (perhaps, as much as
to a 1.8 dilution,) for years after the discase has acll{all‘)’
become cured.  While this appears likely to be truc it 3
dangerous to be too willing to accept this an an explan2
tion in any mdividual case and therefore to allow the
patient to become physically active and to lapse from ol-
servauonal control, since many such instances are known
in which the fection has eventually proved to have beent
only quiescent, later becaming severe again and procecd
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serions cases than in mild ones, and disappears after 2
short period of time regardicss of whether the patient i
destined to die or to recover. It has not been subject 1o
quantitation, either by using serial dilutions of scrum or
of antigen although the latter of these two modifications
is employed for increased clarity of the readings.



Chapter 5

COCCIDIOIDOMYCOSIS AS A GUIDE
IN THE STUDY OF INFECTIOUS
DISEASES—-THE CHARACTERISTICS
OF COCCIDIOIDIN, AN ALMOST
IDEAL TESTING MATERIAL

T"ERE are many examples of diagnostic testing proce-
dures in which the materials utilized are of such doubtful
composition that 1t is surprising that information of any
value whateter can be obtained, For example “lepro-
min™ for the Mitsuda reaction contams all of the soluble
components to be found in human lepromatous nodules.
Itis difficult to 1magine a more heterogenous mixture than
this, containing as it does extractives from all tissues,
healthy as well as diseased or kilted, which are contained
in epidermis, cutis and subcutis, and in addition compo-
nents denived from blood, pus, enzymes and baalli in
all stages of degradation Yet thus material has been shown
to be reliable in serving to distingwish between the lepro-
matous and tuberculoid forms of leprosy.

Purer than this by far is “old tuberculin,” cleanly
Produced from pure culture on simple medium: yet this
substance is still a complex mixture separable 1nto sev-
eral components. A still purer form, known as the “puri-
fied protein derivative” serves well in carrying out the
only really significant allergic testing procedure in con-
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nection with tuberculosis, the intracutaneous “tubercy-
lin™ test.

One of the principal reasons why coccidioidomycosis
has so much to offer to students and investigators in the
field of immunolagy is the fact that it is easy to prepare
from pure cultures of the fungus a testing extract re-
markably pure, homogenous, and stable, and capable of
acting as an antigen in at least three highly informatihe
reactions, maintaining in all of them a high degree of
specificity for its corresponding disease. It cannot be
claimed thae coccidioidin is more fully understood solely
because there has been more effort spent in its study; in
a large measure 1t is because it is inherently a relatively
uncomplicated substance comparatively frec of undesir-
able characteristics no matter how it is made. The dis
ease coccidioidomycosis is apparently equally lortuitously
cndowed with more easily understood phenomena than
other diseases.

Coccidioidin represents all of the antigenic material
that the fungus Coccidioides immitis can produce when
growing in a pure culture, on an astificial medium which
sn stself cannot contribute any antigenic substances. The
high degree of speaticity in all diree coccidioidin tests
is due in a large measure undoubiedly to the eae With
which we can prepare such a simple and pure extract of
the causative organism of the discase. In this regard the
following pomts arc rmportant.

There is almost no evidence to indicate the presence
of any variability 1t antigenic productive power among
different “strains” of Coccidiordes; even this smafl doubt
18 usually cancelled out ins practice by using a pumber of
such “strains™ concomutantly, The nutritional reginre-
ments of the fungus are so sumple ¢hat it will grow i'n 3
solution containing only sodium acetate and ammonivm
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intracutanecous testing in other discases where specificity
is not so easily attained.

Conversely, since the removal of nitrogen from coc-
cidiodin removes its complement fixing ability, the ap-
plication of heat or chemicals for purposes of sterilization
should be avoided in the preparation of antigens intended
to serve in complement fixation tests in other discases,
An antigen intended only for this reaction need not even
be sterile (at least as far as the pathogenic fungus from
which it is derived §s concerned), except for the preven
tion of deterjoration in storage, a result which might be
accomplished by other means such as decp freczing or
yophilizati For compl, ¢ fiving antigens, perhaps
the original culture medium might cven be advantage-
ously enriched with nitrogen-containing subtsances in an
attempt to make the resulting material more protein like
in structure.

Another advantage possessed by coceidioidin oter
other similar testing materials is its great degree of st
bility. Althongh it s true that the complement fiving
component can be destroyed by heat, the temperature must
be carried far higher than that which will ever be en-
countered 1n ordinary use, that is unless heat is purpo!_t’.r
apphed. (The carliest workers sterilized their comcfr-
oidin by autaclaving, hence they were unable to ubt:n‘n
satisfactory compl fisation ¢ ty) Even flm
heat-labile component retains its potency for years withe
out refrigeration  Skin test and precipitin reactivity wese
abserved to be retained (without any decrease demon:
strable by careful saandardization) m a specimen of coc:
cidioidin carried in the glove compartment of an auto-
mobule in a desert climate for G years and subsequently
kept for $ years at room temperature (C. E. Smith) et
the various difuftons remain stable at room temperanies
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fater in the consideration of vaccino-therapy in the para-
graphs on treatment (see page 66).

However, the activity of the fungus within the in-
fected body does produce an cffective skin test hypersen-
sitivity and serologic ability to react to the complement
fixation and precipitin tests, (in all but a very small per-
centage of instances). Hence, under these actively para-
sitic circumstances, the fungus has antigenic abilities be-
yond those possessed by the only extract which has been
yet recovered from its culture phase (coccidioidin).®

The advantage of this incomplete antigenicity of coc:
cidioidin lies in the fact that it nced not be withheld for
fear of harming the patient or of sensitizing him so that
future tests (either cutaneous or complement-fixing) will
give false information. The material is safe except for
the production of unduly severe local reactions when
unduly high concentrations are injected intracutancously
in the early stages of the primary pulmonary type, and its
ability under similar circumstances to precipitate the
erythema nodosum—erythema multiforme type of “ids"

(coccidioidids).

*The stuning procedures employed by Tarbet and Bredau o0
ussuc sections indicate the presence of a phospho-lipid in the walt of
mature sp this was not le by fat whents It
has also been observed that mature spherules when seen In hluﬂ’“’hf’.
logic prey are ! by 2 chronic g
usue reaction simalar to that seen regularly in tuberculosis and vepro-
duable by lpowd fractions derived from tubercle bacilll  This suggests
that cocrrdiordes may produce Lipoid substances in this stage of its para
autic phase which it does not do in the culture phase  Tarbet and Breslu
alo demonstrated 2 mucepolysacchande in the watl of small spores, bot
could find no cellulose. These protein-carbohydrate or lipoidal b
stances may be more closely representative of the total antigenic powers o
the parantic phae than the “protewn free” polysaccharide aalled coccido
idin made from the artifictat culture phaw




Chapter 6

COCCIDIOIDOMYCOSIS AS A GUIDE
IN THE STUDY OF INFECTIOUS
DISEASES—IMMUNOLOGIC
ASPECTS

Fox Tiose who still find it difficult to accept the claim
that coccidiordin testng is a \:lluab]c dmg‘nomc and

gnostic procedure in cocc osis, the follow-
m" additional argument s presented

The Intracutaneous Reaction

Let us first examine more fully the subject in gen-
eral of hypersensitivity as evidenced by the reaction to
the intracutaneous injection of speaific materials. Iden-
tical responses both of the type called the “immediate
flare” reaction and of the “delayed tuberculin” type have
been observed to occur following repeated contact of bod-
ily tissues with many different kinds of noxious materials
such as those produced by or extracted from bacteria,
fungy, viruses, rickettsiae, animal parasites, protozoa, foods
and danders It seems unlikely that nature would fur-
nish such a mode of reaction to animals so universally if
it had no beneficial effect, and yet in most instances hyper-
sensttivity appears to be harmful, at least it nsually causes
the animal symptomatic distress beneath which it is dif-
ficult to discern any benefit.

49
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The most thorough investigation of the “delayed”
type of hypersensitivity has been as it occurs in response
to the tuberculin test.  Such hypersensitivity was long re-
garded as an cssential factor in acquired immunity to
tuberculosis but in more recent years, convineing evidence
has been assembled that there is no relation between the
two. In support of this later view it is pointed out that
in tuberculosis the degree of such hypersensitisity does not
parallel the degree of acquired immunity; that the inflam-
mation resulting from hypersensitivity does not present
the spread of the bacilli which the inflammation of im-
munized tissue achieves; that effective resistance can be
established without simultaneously establishing hypersen-
sitivity; that acquired immunity can be passively trans-
ferred while hypersensitivity cannot; and finally, that
acquired resistance persists after hypersensitivity has
waned or has been abolished by desensitization (Rich).

Similar evidence has been assembled in a number of
other discases; so much in fact that it seems like hcr.csy
to maintain that in coccidioidomycosis the degree of im-
munity is clincally measurable by the h)’pcncnsi!i\‘xl)'
reaction. Many of the above mentioned factors ioweyer,
have not yet been approached expcrimcmally in coccidi-
oidomycosis; the only one which seems to be reasomably
established is that acquired immunity does persist al'.lt‘r
the reaction to the intracutaneous test becomes negative
through years of slow decline.® There has been no ek

*C E. Smith has personally observed his own intracutancous reactiv
ay slowly deciming duning many years until he reacts mlnlmlll! to no
igher dilutions than 1 10 He has not acquired coccldtoldomyconis 3
in spite of conclusive evidence that he has been adequately €*
stnce his reacinity became so lowered  Alio among thousands of perwat
shawn 10 be coccidiondin skin test positive years ago, no (3¢ of reinfec
tion has been recorded, although many must have Jowt a lasge deges
of such reacthvity through the years.

gin
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have similarly (e.g., trichophytins and some blastomycins,
sporotrichins and nocardins).

Referving back ¢o the paragraphs on the nature of
coceidioidin it will be recalled that there is still 3 possi-
bility that coccidioidin is not entirely frec of protein
structures, although the amount must be small. It must
also be pointed out however that autoclaving coccidinidin
removes most if not all of the nitrogenous content from
the molecule without lowering ils reactivity for the skin
test. Protein cannot be present without nitrogen, and
hence the skin test almost certainly depends on a firo-
tein-free component.

Comversely, tuberculin produces its cutancous re-
sponse by virtue of its protein content; indeed, the most
highly purified tubereulin s called the “purified protein
derivative™ (P.P.D). Thus the fact that it is established
that the delayed tuberculin type of cutancous hypersen-
sitivity has no relation in degree with immunity in tuber-
culosis cannot logically be used as argument against a sim-
ilar possibility in coccidioidomycosis.  (To make such a
comparison is like the old humorous question “Is it
warmer in the country than it is in the summer?”)
‘There must be at least a reasonable degree of similarity
between two phenomena before they can be constructively
compared and conclusions drawn. It is important, then to
remember that it is puse tuberculo-protein that is the
measuring stick in the tuberculin test; in the coccidioidin
skin test it is a pure protein free-polysaccharide. .

Also of interest is that the “acute splenic fumor
which occurs in many bacterial infections is not observed
in coccidioidomycosis. In this reaction the spleen is ml«}
witly large mononuclear cells with large vesicular nuclei
and basophilic cytoplasm which some observers consider
to be phagocytes and others Iymphocytes. The cause of
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this phenomenon is apparently always a protein substance;
some proteins can even produce it unaccompanied by in-
fection. It would scem from these facts that Coccidioides
may not produce much if any specific protein while grow-
ing as a parasite in the animal body just as it probably
does not do so when grown in artificial culture. There is
some conflicting evidence here, in the work of Tarbet and
Breslau (sce footnote on page 48)

It must be also pointed out that there are other im-
portant examples of the different potentialities of proteins
and polysaccharides. Thus, some specific polysaccharides
possess immunizing power in other diseases 1n which the
corresponding proteins do not. For example, pnenmo-
coccal polysacchanide will serve to immunize an animal
without concomitant devel of hyf itivity;
pneumococcal protein produces only hypersensitivity,

It 1s noteworthy that coccidioidin is usually produced
by culturing the organisms 1n the same asparagine syn-
thetic medium that 1s used for making old tuberculin.
Simple filtration yields only protein from cultures of fu-
bercle bacills grown 1n this manner whereas similar treat-
ment of Coccidioides cultures produces only 2 low-nitro-
gen-containing polysaccharide. It is true also that addi-
tional antigenic substances such as polysaccharides and
lipids may be obtained from the bodies of the tubercle
bacills themselves, by crushing or grinding them with the
culture medium before filtration. But when Coccidiordes
cultures are treated in the same way, no new antigens are
added to the filtrate

*Jacobson claimed that his method of manufactunng coccdiowdin
(by gnnding In a ball mull the saycehial mat of the cultures with the fil-
trate) yielded an additional component which he called an “endotoxin ”
The greater part of the evidence ponts away from this belief however
Smuth and his assoqates tned unsuccessfally to find any differences what-

ever in cocdiondin produced by all concetvable methods from artifieral
cultures of Cocardiordes
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The wberculin test as it is used today by employing
tuberculo-protein has no value aside from its ability to
designate certain persons as having had a tubercular in-
fection either past or present. At this point its potentiali-
ties apparently have been exhausted, but it still continues
to be juvestigated and used more than seems indicated.
It is possible that the substitution of one of the polysac-
charides derived from wbercle bacilli as mentioned above
wmught yield a testing procedure rescaling a cutaneous hy-
persensitivity which paratlels immunity, which could then
serve as a valuable prognostic aid, even as coccidioidin
serves in coccidividomyeosis.

The Complement Fixation Reaction

The great weight of experience with the complement
fixation reaction, particularly as it applies to syphilis,
makes it also seem heretical to claim that in coccidioido-
mycosis the degree of reactivity is dircctly refated to the
severity of the disease and that by repeated tests its clinieal
course can be charted  That this view may still prove to
be valid with coccidioidomycosis must be admitted, how-
ever, when the antigens are compared—or, more appro-
priately, contrasted 1In the test as applied to syphitis
the antigen is not even remotely refated 1o the disease nor
to the organtsm which causes it; in coccidoidom)cosis it
is a pure extract produced by the causative organism. Fur-
thermore the antigen m syphilis 1s a &pid and it ought not
be assumed as ineviable that there should be simihtftiﬂ
between the reactions evohed by it and the reactions
caused by the polysaccharide antigen of Cam'rliofdu
whether or not 1t 1s entirely free of protein. It is certainly
possible that if a pure culture of Treponema pallidiem
could be grown on such a simple medm as that ‘xsc(l for
the production of coccidioidin, a substance might be
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few diseases can the “antibodies” actually destroy the or-
ganisms without the assistance of phagocytes.

A question yet to be answered is whether or not the
immunity so quickly and easily acquired by most persons
exposed to coccidioidomycosis is the result of the produc.
tion of specific antibodies effective against the discase. In
the study of this disorder it is a handicap to be unable to
produce the fungus in pure culture entirely in the spher-
ule stage in which it exists while a parasite in the body.
Experiments in vitro with such material, if it were avail-
able, might uncover antibodies not yet recognized such a3
those capable of producing lysis, agglutination, increased
susceptibility to phagocytosis or even destruction of the
spherule stage of organisms directly. Spherules have in-
deed been produced in culture, but not separable from
the mycelial form in the usual artificial cultures or from
the complicated proteins necessary in the mediom to sup-
port the spherule stage in tissue culture or in embno-
nated eggs. i

By the methods thus far developed no effective anti-
bodies have as yet been discovered in the circulating blood
of persons who have demonstrated resistance against the
disease, but this does not deny the possibility. In [.w'
there are suggestive phenomena. For example, multiple
transfusions of whole blood have been employed with some
apparent benefit in disseminated coccidioidomycosis. It
is very likely that in many instances such blood was q\r
tained from donors who have become immune to rein-
fection by recovering completely from the primary pul-
monary form of the disease; actually, this is almost cer-
tain to have happened in utilizing blood from banks dr.l\:'-
ing supplies from the populace in endemic areas. Ieis
entircly plausible that such blood may have helped the
patient by furnishing specific antibodies A concerted
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can be explained the high degree of specificity of the
intracutaneous test and the complement fixation and pre-
cipitation reactions? Also these antibodies must differ
from each other since each is present in individually vari-
able quantities and at different times during the course
of the disease, overlapping much too much to be con-
sidered capable of transition, one to another. ‘The anti-
body responsible for the complement fixation reaction,
for example, cannot be uselul in supplying acquired im-
munity, for its presence in increasing amount indicates a
serious trend in the discase, also, immunity persist long
after that antigen disappears. The antibody involved in
the precipitation test is present for only a few months
whether the patient is destined to die or to recover, That
antibody, therefore, can have nothing to do with immu-
nity. Both of these antibodies arc present in serum and
can be transferred passively, even through the placenta,

There may be yet other antibodies present in serum
which must be considered. Frequently, when coccidioidin
is introduced intracutancously, there is an immediate flare
reaction with the development of a wheal.® This js .lhc
same type of response as that usually interpreted as being
highly specific and significant of so called “atopic™ h)’}"""'
sensitivity when it is encountered in the course of testing
the skin with extracts of foods, danders, pollens and the
Jike. The antibodies imvolsed in this process are usually
spoken of as “circulating” antibodies. Unl’or(unn.!c.l)'.. ff)'
though this phenomenon is often observed in coccu_hmdm
testing, it has not been possible to correlate it with (.hc
acquisition of immunity, or indeed, in any other spccxﬁr
manner with the disease itsclf or with its progress. Thus
even if its specificity for coccidiordomycosis could be

*First reported by Hirch and Benson in 1977
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media and separable from its components, concentrations
of such spherules which could be obtained from heavily
infected animal tissues wonld serve in many investigations
in which a high degree of purity is not necessary. The
plienomena of lysis, agglutination, opsonization phage-
cytosis and immune adherence to erythrocytes could prob-
ably be searched for adequately by this means, and anti-
bodies might thereby be revealed.

The only evidence as yet obtained indicating that in
coccidioidomycosis there is an antibody intimately con-
nected with immunologic resistance to the discase, is that
the ability to respond to the intracutancous coccidistdin
test closely paraliels the possession of such resistance.
There is certainly as yet no evidence 10 show that this
antibedy is the means by which immunity is developed,
but it is equally true that it has not been sufficiently in-
vestigated to allow it to be excluded, This antibody can-
not be passively transferred nor does it pass the placenta;
hence it is concluded that it is not present in serum. It
must be fixed to some type of cell. 1€ this antibody iJ'l)YC
oune actually responsible for furnishing effective :lcqu‘xrtfl
immunity, it is strange that its presence is manifest princi-
pally in the skin where it 15 Jeast needed, and where it cn
function only in the poorest manner in resisting @ dn_msc
almost always acquired by inhalaton of the organisms.
1f assisting phagocytosis is its most beneficial duty, then
why, 1t must be wondered, does it not concentrate near the
littoral cells of the spleen, iymph nodes and marrow and
the hupfer cells of the liver, instead of close to l'ht'
stretchedout endothelial cells of the skin c:\pxllartrs
which do not function as a part of the reticuloendothelial
system, at least not immunologically

Perhaps this anubody is actually fixed to the cells
of ather tissues as well as 10 those of the skin. Intravenous
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Vogel, Fetter, Conant and Lowe have recently (1951)
reported that they have succeeded in inducing a significant
degree of specific immunologic resistance to coccidioido-
mycosis in guinea pigs by the injection intramuscularly
five times at weekly intervals of 05 cc. of an antigen con-
sitsing of Coccidioides spherules obtained from infected
embryonated hen’s cggs.  Although comment ar this carly
date on such a report cannot {ail to prove to be premature,
the following observations may be pertinent.

First:  All animals (including controls as well as
those receiving the immunizing injections) were alive 4
weeks after the challenging dose of Coccidioides arthro-
spores was administered by acrosol into the Jungs. The
use of a dose sufficient to have produced at least a reason-
able percentage of fatalities in the control group would
have been more umpressive.

Sccond: Al animals became infected and showed
evidence of this at autopsy; although, in the opinion of
the authors “the degree of macroscopic disease was less
in the treated group.” Tlus the degree of immunity which
developed was not successful in protecting any animal
completely against acquiring the infection. There were,
however, two instances of dissemination in the untreated
group and none in the jimmunized group. This might be
highly important in human infection, if we conld be
constnced that all human beings who sustain pulmon:lr‘y
tnoculation are as normal te begin with as were these ani-
mals. It will be recalled that some workers beliese that
coccrdiordamycasis disse only in those very few
indivduals who possess some inherene defect in their im-
munologic systems even before the inoculation occurs, a.nd
who mught therefore presumably fail to develop immunity
equally persistently from such an artificial means.




Thirg. lughl) MPportan, hese Workery
did ¢ Sene g, 2 very e pro; animg|,
ceeiving the j nmm'zmg s Within 4
Weeks the wer ¢ react 1 g, Ntrac est Using
idiojg; s A0d t, dj. 0! any
of ¢ CSe This is j, line wi thin, g of hose wh
beliey thy, 3Kin eg, Teacy Talle], to
liseful g, e Ognos;s
oureh, The tal g ity of the Sphery], antige,,
Used a5 5 accine for €ach poy, 4 of ap, 2] yyag ge,
2 pou, ig, phcauon in aduy, hupy
bein this 3 I quire to i50 €C. per Persop,
q 1ty icuy, roduce f, any large scal,
"accin, am fr, TYonateq egz
Fify, Y and 5y of ¢ Nations o, € Originay
Worlers o g thi, Menon 44 Welf those of
this auth M2y wepp 1 ¥ to hum bemgs, m
vhom th chanisn, may p at al lar
om‘dmidomycosls be ACquire, on,
aly 3 €as, ap, Ye D oceyy Iro he nhat,
tion ¢, ¢ breap, o Y a Visitor m distan,
Jarg Pidem; ontrof |, 58 vace, Ation of alf
Who Posspy, € €Xposeq is enurely t Practicy;
for sey; Sideray, n, €specialy, When ¢, Sease 1p5ep,
Quic] ly p:unlessly Conferg Ompjera tmm, ity |
al usang infecye, Persong us, evep
f 2 c e dlscmercd n'hereby 3l ing;.
als <oulq ished with active Munity, 1 woypy
h ted Plicatiop, for ¢pe, € Who are nown
10 ba g, t Xposed s, equ, ntly IS prop,.
ably Just » Since 4, t such 5 Methog S not
eem ke, Velopeg
Exce, se S in g y Major

Vhich Loxppg Play 5
Tole 4 x'n]un'ng the Patien, and Wilitoy gy delay deayy,



64 Chaical and linmunologic dspects of Fungous Diseates

until active immanity develops, immunologic victosies
over chronic diseases are rare.  Most of them depend upon
adventitions cross-i ity berween di ar upan dis.
covering or producing a special strain of the organism that
has diminished power to produce injurious jnfection yet
retains its immunizing potency. There has been abso-
lutely no evidence to show any variation in virufence in
varipus strains of Coccidioides.® Even the transfer
through several different specics of animals in the manner
which brought yelfow fever under contral does not no-
ticeably attenuate the organism.

As has been stated, coccidioidin js not a complete an-
tigen; and its injection into the animal body cannot in-
duce the production of any demonstrable antibodies.
When it is recalled that coccidioidin almost certainly
represents the total ability of the eulture phase of the or-
ganism to produce antigenic substances it is apparent that
attempts to use matenal derived from such cultures av
though it were a vaccine must fail. Tt is of course always
possible that it might be combined with some other mole-
cule so that it became potently antigenic while sl ye-
taining its specificaty. 1t is also possible that a mcm«td
can be discovered (o yield a pure culture of the pathogenic
tissue or spherule stage of the orgamsm, an extract of
which could prove w be a complete antigen or “V-'Mfm&
The impact of the statements 1 this paragraph .mﬂ he
most effectively appreciated when treatment is discnssed
in the succeeding Chapter.

It is o this point that “specific antibodies” dernied
from infected ammals must be mentioned, since it is re-
motely possible that such matesials could be combined

#A few strains have shown a significant reduction in siewence :’-"{:“r
3+ animal Inoculations are concerned, but the human Sn(«“(‘mt —
which they were ongmally holated were not any Jess severe yhan v
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Chapter 7

COCCIDIOIDOMYCOSIS AS A GUIDE IN
THESTUDY OF INFECTIOUS DISEASES-
APPROACHES TO THERAPY

Vaccinotherapy

Is “Vaccrxotherary” oF Benerrr? In the last chap
ter evidence was presented to show that methods by which
normal persons could be artificially immunized against
coccidioidomycosis must be considered possible, but would
probably be impractical in most instances even if they
could be developed efficiently. Some of these same facts
appear to this author to indicate that the so-called "vac-
cinotherapy,” advocated for the treatment of disseminated
coccidioidomycosis by Jacobsen and by Stewart, is prob-
ably of no value to the patient and may, indeed, be harm-
ful. Since it appears that only one substance {coccidioi-
din) can be extracted from Coccidiordes cultures, and this
substance is an incomplete “antigen”, incapable of de-
monstrably evoking any change in the allergic or jmmu-
nologic status of normal persons® 1t must be scriously
doubted if it can do so0 1n the infected individual, It alo
seeras almost inescapable to conclude that the number of

ectlons of coceldioldin
cutin 1ype of &
pe of reactiviy
etimating the

*It must be expectally pownted out again that inj
cannot induce the ability to develop the delayed tuber
taneous reactivity in nermal individuals, ie, the very ty|
which serves the cliniaan as a rough measuring silck in
degree of the patlent’s immunlty

3
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berculin type to the intracutaneous injection of coccidioi-
din can be lowered by repeated injections of increasing
quantities of this material (desensitization). “This is also
significantly true apparently of other fungus extractives
such as bl yein, histoplasmin and trichophytin, as
well as tuberculin and many other substances. Recalling
that those very persons exhibiting the highest degree of
such reactivity will prove to be best able to resist the dis:
case, it is apparent that any significant lowering of such
ability to react (desensitization) might be logically ex-
pected to Jower the patient’s power of specific resistance
to a corresponding degree. This auther therefore be-
lieves that the administration of coccidioidin as a "vac-
cine™ is more likely to be a step in the wrong than in the
right direction, even though the use of such small quanti-
ties of material as are usually advocated probably do not
constitute a very large “step.”

Dr. Harry P. Jacobson of Los Angeles was the earlicst
advocate of vaccinotherapy in coccidioidomycosis, and he
continued 10 believe in its efficacy until his death in {952,
On scveral occasions at medical mectings, Dr. Jacobson
presented a number of patients who had been “cured”
after having had the disease in such extensive, serious
form that all clinical experience would have led death
to be certainly expected; among these were some deeply
pigmented Negroes, wha are known to resist the disease
very poatly. Up to a decade ago this anthor was l.xighly
impressed, as were many other students of the dur.}sc.
with the value of this therapy. Dunng the succeeding
years, however, further study together with continned
absenvations of Jacobson's method in actual use hase al-
mast completely reversed this opinion Disseminated coc:
adioidomycons occurs in all gradations of extent and
severity; and, under widely sarying soutines of treatment.
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Benson and D'Andrea is a polysaccharide complex hap-
tene and not a complete antigen in its own right. This
substance however does not include everything produced
by Coccidioides in culture since it has been purified and
heated, thereby destroying at least its power to enter inta
the complement fixation reaction. Stewart concentrated
his activities in searching for a protein component, and
utilized Krueger's method of grinding the culture mat in
a ball mill to release all possible substances without “de-
naturing” them by chemicals or by heat.  Because of ap-
prehension over the chance of laboratory infections most
of this work was carried out on Trichophyton specics, from
which (to quote Stewarr) “good nndenatured fungus anti-
gens were obtained which were able to produce antibodies
when inoculated into animals and yielding complement
fixation and precipitin tests from their sera.” In using this
material to test human beings, good skin reactions were
obtained and desensitization could be demonstrated.  Ste-
wart also states that “if T were still actnve in coccodioido-
mycosis research I would use an undenatured coccidioidin
intradermally, rather than intravenously since I think it
is by far the better for immunization and desensitization.”
Two discrepancies seem jmportant in carcfully re-
viewmg the above statements.  Furst, the antibodies pro-
duced in animals were those giving the ability to v{mr
into the complement fixation and precipitin reactions
only, and 1t has been shown that the possession of such
antibodues as these by a human being certainly docs not
confer immunsty. Stewart daes not mention having sue
ceeded in inducing shin test reacuvity of the delayed .!ll
berculin type, which 1s the only type of reactvity whicls
cven appears 1o be related to immunity.  Second, the f.JCl
that his material was capable of acting as a shin testing
material yielding positive reactions and producing detent




Sttination an e, n, that
“ontaine T, vy ; i diene O,
Pecific ble Substap " of I, /3 Wwhich will
Perforyy, 4 Cactiong Qually 5, f vhi St fajp
10 ace 44 a lete apy;, ab], the abiljy
toso Teacy j, nal indiy, idug),
ace aga, itis Ty to 'Phasize th the me,
Producy;, “ MHebodipsm does ng, Necess, an thay
ANima) 4 chy ACQuires 0y immy, ogi istance,
Itisp TY that o, Mtibogjas be the gh ¢S, thay
is, those ifi ally ; 1 m the j, it esses.
At thyg Writing i Wwo Appear that 5y, 2 spe.
ific vy, Cinogp,, 'PY shoulg be mag if so loop.
holeg in the Loy thesyg € disco d ang lo'rically
seem i) ) T

Surgicy; mrenemnon 1s [requcmly €mployed in treag.
€

4 (‘Occidiotdo Yocszs, HUsually Onsisep, Cither of lobec.
Pneup, Y to €ontrg} istent ities j,

the b, Puimey, form of the OF simyp,
Proceq,, a8 wel] a5 Mputaggy, of I ) fo, he di .
age, lomag,, type Althoy, St be aq.
Mitteq Study of he i, ture ng; that 5 g,
pe; “entage f Patiep,, mpr, fter sy tions, 1t j
diffic, Certar, the s ingy ed |, case
hustor, I} Many o hem 4, hay d cqually
well With, uch €Nhtion Y of ¢, T
Dot i), €peateq Plemen, ion gy, Quan.
itateq e St by t s coyy, con.
Structeq Predyey Progngss to b, Pected j
Were €mpy], Netther are th “Quate analy,
of ¢ 'Paragye Oups of OPerateq a
Cony, camtudecfs cons s p, t Underg,, d



72 Clinical and Immunologic Aspects of Fungous Distases

from the statements of Cotton and Birsner:  “we disregard
all laboratory findings and view the complications of pul-
menary coccidioidomycosis from the mechanical stand-
point only”; and “suitability for operation can be deter-
mined without regard to the ctiologic nature of the path-
ologic condition or whether the disease is in a dormant oz
active phase”; and “only in determining the priority for
the patient on the operating room schedule is the medical
status of the disease significant.” Severaf of their patients
exhibited preoperatively positive reactions to the skin
test while the complement fixation test was negative, in-
dicating a good prognosis at that moment. Al of their
patients who presented positive complement fixation re-
actions also showed positive skin test reactivity, a picture
still far more worthy of optimism than that shown by those
destined soon to die of the disease. No complement fiaa-
tion titers are recorded, but one patient is said to hne
shown a “high titer bordering upon dissemination™ and
another “in the range of dissemination.” As has been
stated carlier this level is approximately a 1-32 dilution.
When it is recalled that in seriously ill patients titers hate
been observed as high as 1-4,096 before death ensued, ll}c
prognosis in even these two cases, obviously the worst in
the scries, could not have been considered really poor.
Coccidiondal pulmonary cavitation is not often an in-
dication for surgery in the opinion of Winn. Reporting
on 92 cavitation cases, he obserscd that two-thirds Jiealed
with medical treatment alone, pneumothorax cured 18
more, and lobectomy or resection was resorted to in M-
Winn states that he has “observed no instance of fatal
dissernination from a residual cavity, and chis pauibi)ir,),‘
i3 not to be considered as an indicatton justifying !UYK":)“
Farness, who was the first to obserre pulmanary a\imw?
1n coccidioidomycosis (1932) said in 1951 “although exci
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sional surgical procedures seem without danger in spread-
ing the infection, a word of caution is in order to the
overlyeager. We know of such patients in whom new
cavities developed in the expanded lung.” Also, “cavita-
tion is no indication of dissemination. These patients
are generally not handicapped, and a reasonable waiting
period should be allowed before adding the hazard of
collapse therapy or surgical intervention.” When it is
noted that among the patients reported by Cotton and
Birsner were some who were able to return to work as
early as 3 weeks after lobectomy or pneumonectomy, and
the rest within 2 months, it must be concluded that they
could not have been very severely debilitated before sur-
gery.

The full sigmficance of the prognostic value of the
skin test and complement fixation titer should be evalu-
ated before surgery is decrded upon  As long as they fur-
nish a good prognosis, and the curves determined by their
repetition at monthly intervals indicate that progress to-
ward recovery is being made at a satisfactory rate, surgery
should be withheld. If a few such successive months of
observation indicate no progress, it should then be asked
whether the disease is sufficiently well localized to allow
the fotal of involved tissue to be surgically removed. Es-
pecially valuable in this regard will be the complement
fication titer, since 1t may be higher than could logically
be attributed to the disease if confined to the area pro-
posed to be removed surgically, indicating the presence of
extensive lesions elsewhere. If this titer exceeds 1-32 1t
is likely that the diagnos:s 1s no longer “primary pulmon-
ary coccidhoidomycosts” of severe degree, but the “dis-
seminated” form in which lesions elsewhere than in the
lung are probably already present. If these extra pulmo-
nary lesions cannot be located by symptoms, physical ex-
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amination or radiography, their presence in “silent” areas
must be considered likely and their extent can be best
estimated by the height of the complement fixation titer.

The question of surgical intervention in cases of dis-
seminated coccidioidomycosis apparently localized to a
single limb should also be subjected to the same analysis.
The complement fixation titer may be incompatibly high
to support the contention that the discase is actuslly so
localized as to be subject to complete extirpation; con-
versely, the prognostic cunies furnished by repeated skin
and complement fixation titers may indicate that com-
plete recovery is to be expected withont surgery, thereby
saving a useful limb.

Chemotherapy

At the present writing, no drug has been proved to
be of specific value in cocadioidomycosis, and some are
almost certmnly harmful. In the primary pulmonary
type, it is probably wise to withhold trial of all such meas-
ures, since the chance of spontancous complete recovery
is so overwhelmingly great that there is more likelihood
of interfering with this important natural process in some
unpredictable manner, than of assisting the patient. In
the disseminated type, Cohen and Bos (1932) st:mm{rlznl
the status of ten drugs selected because of their ability to
mhibit the growth of C. immutis in culture. By loaﬂ ap-
plication, sodium caprylate was classed as usclul, a:{n!mnc
and fradicin as of shght benefit. By systemic administra-
tion, actidione was sad to be shghtly successful l‘mt too
toxic, cthyl vamlate encouraging. protoanemonin and
sodium caprylate ineffective, and fradicin too toxic. Pro-
digrosin was reporied by Wier, 2 al as encouraging: of
14 cascs, the disease was arrested in 3, improvement was
noted in 3 more while 8 did not respond.  These percent:
ages do not indicate a much higher degree of success than
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or “desensitizing” the patient to his shin test reactivity.
They should be withheld uniess indicated by specificaily
demonstrable secondary bacterial complications.

The discouraging aspect of the therapentic methods
so far discussed should explain the present view that the
mast beneficial feature in the treatment of disseminated
coccidioidomycosis is prolonged bed rest until the pros-
nosis is established as good, not only by physical examina.
tion, freedom of symptoms and favorable laboratory find-
ings, but also by the interplay between the intradermal
reactivity and the complement fixation liler, Toa early
resumption of physical activity has been observed to be
disastrous on many occasions, but it still occurs all too
frequently, especially in cases under the supervision of
those who do not place reliance in the significance of these
extremely valuable progunostic tools.

Since antibodies are protein molecules, and on the
basis of the theory that they play a part in developing im-
munity, it scems advisable to prescribe a diet high in pro-
teins. ‘This also tends to prevent the wasting away of the
body's vitality in general. Several components of vitamin
B are thought to be intimately concerned sith antibody
formation and the development of immunity.  Riboftavin,
pyridovmne and muacin are apparently among the most
important  Also uytamin € must be considered helpful.

The possibie specific benefits to be derived from mul-
tiple small transfusions of whole blood have l.:cm? discussed
in the paragraphs discussing passive immunization.
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through a break in the skin such as a scratch or a puncture
wound. A syndrome develops subsequently which re.
sembles 5o closely the primary stage of cutaneously ac-
quired syphilis that it is termed “chancriform.” Much
more rarely a generalized form of infection occurs.

Schenl’s first report in 1898 was sulliciently thorough
to establish the chinical picture almost as completely as it
exists today, In a series of important papers beginning
in 1903, De Buermann, collaborating with Ramond, Gou-
gerot and others, contributed many facts about the fungus,
and in addition described the uncommon generalized type
of the infection. In 1910 when more than a hundred cases
had been reported, Hyde and Davis published an exten-
sive review with more than 150 references,

Pijper and Pullinger in 1927 reported 14 cases result-
ing from injuries sustained by native workers by contact
with the timbers in South African mines. This was the
beginning of a surprisingly extensive epidemic, totalling
almost 3000 cases by 1944 (Dangerfield and Gear, Helm
and Berman). An extremely valuable study covering this
cpidemic was published as a monograph by the Transvaal
Mine Medical Officers Association in 1917.

Although there is considerable variation in the mor-
phology of various strains, it is usually accepted  that
there is but one species of fungus involved, called Spo-
rotrichum schenckir. This organism has been found
widely distributed in nature especially as a saprophyte on
vegetation, living or dead, and on animal excreta. Human
cases occurring sporadically have heen traced most fre-
quently to the thorns of the barberry shrub (Foerster)
sphaghum moss (Gastinean, Spolyer and Haynes) or hay
(Singer and Muncie). It has not been possible to define
any geographic limitations, and cases have been reported
from all areas of the globe where there is personnel capable
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through a break in the skin such as a scratch or a puncture
wound. A syndrome develops subscquently which se-
sembles so closely the primary stage of cutaneously ac.
quired syphilis that it is termed “chancriform.” Much
more rarely a generalized form of infection occurs.

Schienl’s first report in 1893 was sufficiently chorough
to establish the clinical picture almost as completely as it
exists today. In a series of important papers beginning
in 1903, De Buermann, collaborating with Ramond. Gou-
gerot and others, contributed many facts about the fungus,
and in addition described the uncommon generalized type
of the infection, In 1910 when more than a hundred cases
had been reported, Hyde and Davis published an exten-
sive review with more than 150 references.

Pijper and Pullinger in 1927 reported 14 cases sesult-
ing from injuries sustaincd by native workers by contact
with the timbers in South African mines. This was the
beginning of a surprisingly extensive epidemic, totalling
almost 3000 cases by 1944 (Dangerfield and Gear, Helm
and Berman). An extremely valuable study cov ering this
epidemic was published as a graph by the T \
Mine Medical Officers Association in 1917,

Although there is considerable variation in the mor-
phology of various strains, it is usually accepted that
there is but one species of fungus involveds called Spo-
rotrichum schenckii. ‘This organism has been found
widely distributed in nature especially as a saprophyte on
segetation, hiving or dead, and on animal excreta, Human
cases occurring sporadically have been traced most fre-
quently to the thorns of the barberry shrub (F"""“'?
sphaghum moss {Gastineau, Spohyer and Fiaynes) o hay
(Singer and Muncie) It has not been possible to define
any geographic limitations, and cases have been reported
from all areas of the globe where there is pcrmnnt‘ capable
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accepted a lesion on the cheek of an infant as having oc-
curred directly from the infected check of the mother, the
only instance of transference from human to human or
from animal to man. Sometimes, however, there is no his-
tory of cutancous injury, and penetration through the
walls of intact hair follicles has been considered probable.

Alter an incubation period of from 3 to 21 days
(sometimes apparently prolonged as much as several
months) an elevated papule appears, pink or cyanotic in
color, frequently oval in shape with its long axis directed
in line with the natural skin creases. 1n 60%, of the 2,825
cases studied by Helm and Berman, the initial lesion was
on the hand or arm, on the trunk in 235, on the legs
in 11, on the face or neck in 25, and in the remainder
multiple lesions were present.  However jn this series it
was evident that the principal reason why other areas
were not involved was because of the protection afforded
by the type of clothing worm by the native miners. .

It is remarkable that in most instances the primary
lesion is not painful unless secondary bacterial inlection
is also present, also, there is usually but Jittle ﬂ}l(h(c.
The papule slowly enlarges and begins to ulccm'c in the
center, presenting eventually a crater with a lmghl. red
base free of necrotic tissue, and with ragged, undermined
cdges, which bleed casily when rraumatized. Frcquenlly
similar small secondary papules appear at the pmpl\cﬂ;ﬂ

Alter a week or more, most patients Vegin to dev clop
nodules along the lymphatic channels which drain the area.
These are small and demonstrably subcutancous at l'n:sr.
but rapidly enlarge and soon become attached to the skin.
It 1s surprising to find sometimes that the nodule farthest
from the original chancre is the most advanced. Th{trc
1s also lymphangitis in these vessels. ‘X’hc nodnks( (;‘r
quently nlcerate until they appear as miniatures © 4
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in which all evidence indicates that the infection occurred
by intracutaneous primary inoculation, no case of dissemi.
nation to other organs was encountered. This aspect will
be discussed more fully later (page 90).

I the concept indicated by this trend is correct, and
we conclude that only the chancriform syndrome without
systemic dissemination can develop from a dircct cutane-
ous primary inoculation, it seems necessary to postulate a
non-tegumentary portal of entry to explain the rare dis-
seminated form soon to be discussed. Conclusive proof
of this is difficult to obtain. De Buermann demonstrated
that 5. schenckii could pass unaffected through the intesti-
nal mucosa when ingested on contaminated raw fruis or
vegetables, but cases exhibiting lesions of the gastrointesti-
nal tract are very rare, Simson reported that the infec-
tivity of cultuses was retained, although in lessened degree,
after 2 years of drying, and the fungus was recovered once
on a plate exposed fo air currents in a mine shalt, indica
ing at least a possibility that the infection could be ac-
quired by inkalation.

However it may not be necessary to have 2 non-tegu-
mentary portal of entry. It may be that the correct an-
swer is that thought to apply to coccidioidomycosis, where
dissemination appears to occur only in a very small per-
centage of infected persons (about onc per thousand), an.d
because these individuals possess some defect in their
immunity mechanisms, even perhaps before the inocula-
tion occurred, In coccidioidomycosis it seems likely that
this percentage would be similar in both the primary pul-
monary type and in the primary cutancous form, ah}mu?"
it has not as yet been conclusively demonstrated in the
later. Howener, if this is the true situation, it would
seem likely that at Jeast a case or two of dissemination
would ave been discovered in almost 3,000 cases of sporo-
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tancous cure is rare, and response to treatment has been
recorded as poor but somewhat variable. Some cases
progress rapidly to death, while others remain chronic
for months.

There is often involvement of other parts of the
body, such as bones, joints, muscles, tendon sheaths, lungs,
genitourinary system or other viscera sometimes in con.
junction with the cutaneous abscesses, sometimes without
them.,

Pathology

The pathologic tissue changes in primary cutancous
sporotrichotic lesions in human beings have onc ont-
standing characteristic, the causative organisms are almost
never recognizable as such (if indeed they are visible at
all) in tissue sections or exndates, even with the periodic-
acid-Schiff staining procedure so useful in other fungous
infections. This is surprising, since they are easily dcﬁnc'-d
in tissues from experimentally infected animals and in
those from the viscera of human beings possessing the dis-
seminated type. They are tiny, cigarshaped hodies, 3
to 5 microns in length which bear from one to three small
oval buds at either or both poles. It is possible that they
are actually present tn the chancriform type, in :his. form
(or in a “coccoid” stage perhaps) but that they remain un-
discovered because they are too small, too sparsly distrit-
uted or too poorly defined to be differentiated from cellu-
lar debris. Occasionally a larger “asteroid” form may be
seen and lead to the diagnosis. It may also be that the
organisms are present in larger numbers immediately :lfl.ﬂ’
the inoculation, but are soon diluted and decreased in
actual numbers by the intense defense mechanisms of the
host. Dr. Lishod Miranda of Rio de Janciro recently
showed me a section from human chancriform spoto-







Chapter 9

SPOROTRICHOSIS-THE IMPORTANCE
AND SIGNIFICANCE OF THE PORTAL
OF INOCULATION AND THE
CHANCRIFORM SYNDROME

I.\' THE PAST it has been customary to emphasize the fact
that each of the infections in the category hnown as the
“deep mycoses” presents a clinical syndrome differing
markedly from the others, the total of these differences
conferring upon the group as a whole the ability to dupli-
cate almost any combination of signs and symptoms found
in chronic discase. There are indeed important differ-
ences, some of which are undoubtedly attributable to cer-
tain inherent preferences on the part of the causative fungi
for special environmental features. For example, the deep
seated nature of actinomycosis is, in part at least, a re-
flection of the preference of the causative organism for an-
crobicity, The persistent refusal of viruses to grow out-
side of lving cells makes it easy for us 1o accept the fact
that Histoplasma capsulatum has a similar proclivity, and
it occasions no great surprise to find that Cryptococcus
neoformans has a predilection for nervous tissue, That
the discases which these organisms cause should conse-
quently differ considerably onc from another is alto-
gether to be expected. .
However, it is at least equally important to emphasize
certain fundamental similanties in the manifestations of
L]
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equally predominantly acquired by the inoculation of the
fungus through the skin by a puncture wound. It is at
once obvious that with such a difference in the potrals of
emry, the typicel or “common” forms of the two disorders
could not be expected to fail to differ accordingly. While
other factors may also be somewhat influential, it is not
necessary to invoke them to explain adequately this phe-
nomenon.

Having disposed for the moment of the typical forms
of these two diseases, let us now consider whether or not
a variation in the portal of entry can account also for their
more unusual manifestations.  What happens if these
routes of infection are reversed? First, what is the remlt
of intracutanecous inoculation of Coccidioides immitis?
Throughout the years there have been a few cases of coc
cidieidomycosis in which it first appeared as a lesion of the
skin, without evidence of previous pulmonary involve-
ment, usually beginning as a subcutancous nodule which
soon became ulcerative, and then persisted as a slowly en-
larging chronic granulomatous placque, without any Iym-
phatic 1 This was frequently followed by other
similar lesions elsewhere on the skin, It was usually con-
cluded that this clinical picture was due 1o the fungus
having been inoculated directly into the skin at that point
although in no recorded instance was this suppon:d by
adequate proof, many such cases lacking even the history
of any cntaneous wound or injury. Nevertheless. this
syndrome came to be considered as the expected result of
direct cutancous inoculation of Coccidioides (the sm”fd
“primary cutancous” form) in spite of the fact that it dif-
fered almost totally from that known to result when Spo-
rotrichum is similarly inoculated.

In 1918, the author, among others, was privileged t0
observe and follow the case of a mortuary attendant who.
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larities 1o disseminated coccidioidomycosis, exhibiting
multiple subcutancous nodules and abscesses and verru-
cous plaques, as well as pulmonary, bone and visceral in-
volvement; and terminating frequently in death. No con-
clusive evidence is ac hand which would indicate chat this
syndrome has ever developed from the ordinary chancri-
form type of sporotrichosis; indeed the mode of entry of
the fungus in these cases has usually been inapparent, but
sometimes presumed to have been either by inhalation or
ingestion, That this syndrome probably never results
from primary cutaneous inoculation may be concluded
from the fact that it was not obscrved at all in the series
of 2,875 cases occurring in the South African mines under
conditions in which the skin was almost certainly the only
portal of entry. Also, in none of the American cases of
disseminated sporotrichosis reviewed by Collins was the
portal of entry known to have been the skin.  Likewise in
France, where the disseminated form occurs more fre-
quently, a proved primary cutancous lesion has not been
abserved to precede it. Since the reverse appears to be
even more unlikely 1t not impossible (that it, for a chan.
criform syndrome to result from an inoculation elsewhere
than nto the skin), we may logically conclude tentatively
that when Sporotrichum infects the human body by 2
route other than the skin, the tesulting syndrome re-
sembles disseminated coccidiordomycosis much more than
it does the conventional type of sporotrichosss. .

It 1s thus evident that most, if not all, of the extensive
apparent variations between coccidioidomycosis and spo-
rotrichosis may be explained on the basis of the difference
in the portal of entry, and that when this influence hay
been appropriately evaluated the fwo diseases are _c?o«ly
sumilar It is indeed surprising how litle variation re-
mamns unexplained by this thesis, especially when it I8
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tends itself, and presenting no dry aerial cottony clements
which air currents might easily remove. It is admittedly
true that the spores are attached to the hyphac by fragile
thread-like sterigmata, so that if the entire culture and its
substrate be dried, such spores may become windborne,
This must happen but rarely however; for example, in an
environment where it was present abundantly growing
on wooden timbers, Sporotrickum was recovered on cul-
ture plates exposed to air currents only once out of many
attempts. From these considerations it is casy to under.
stand the almost invariable entry of this fungus into the
human body by way of a cutaneous puncture wound, with
only an occasional mnstance of pulmonary invasion.

If a new theory is actually correct, additional support
can frequently be obtained by testing its ability to clarily
similar phepomena when applied to other diseases. Dur
g the discussion of North American blastomycosis soen
to follow it will be shown that when this Iungous disease is
acquired by primary inoculation into the skin, a chaneris
form syndrome follows, practically identical to that pro-
duced by sporotrichosis (see page 109). Also, histoplasmosis
is thought to have been observed behaving similarly (sec
page 149).

It is also highly significant that the skin test in cases
of coccidiidomycosis of the primary cutancous, chancri-
form type has revealed a high degree of positivity while
the complement fixatron reaction was of extremely low
titer. ‘This combinauon of results was accepted by the
observers very early m the course of the discase as an indi-
cation that it would pursue a benign course, which the
subsequent progress of the patients to complete cure has
borne out (scc page 13). In the two mnstances of blastomy-
cosis following primary cutancous inoculation in which
such tests were c:mp!{’~ same phenomena were 160
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in spite of the fact that in this disease there hove bee
several thousands of persons who have acquired the infe
tion by the intracutanecus toute. It scems likely, hot
ever, that such cases have, in Iact, existed; and this auth
has every expectation of having such a case pointed out t
him even though he has as yet been unable 1o discover on
by perusing the literature.

Thus the primary cutancous complexes of cocidioide
mycosis, North American blastomycosis, sporotrichost
histoplasmosis, syphilis, tuberculosis, yaws and Americas
leishmaniasis are closcly parallel, being in themselves e
sentially self limited while in this stage, although in som:
diseases serious sequelac may follow later.

The chaneriform syndrome has not been reported t
occur in deep mycotic infections other than the four al
ready discussed. However (with the exception of a singit
instance of South American blastomycosis, sce page 181)
there have been ho cases recorded in which direct cutane
ous inoculation of such causative fungi inte human be
ings has been conclusively proved. Lacking experimental
pracedures in man (or in animals which it is possible
might be shown to resist the infections in the same man:
ner) we can only speculate as to the result of such inocula-
tions.

However, it would appear unlilely that Cryfitococcus
neoformans could produce a chancriform syndrome ofy
intracitanecous snocwlation because the human body de-
monstrably imfected by this organism shows so lintle abil
1y to resist 1t multiplication by immunologic or rcnu)?r
means. Also, this organism is probably not pathegenic
to entirely normal persons: 1t seems 1o select only those
possessing some other disease, usually of lymphoblastoma-
tons nature, which causes a defect in on¢ or more of the
meckanums of resustance; characteristics which might be
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expected 1o alter the resulting clinical response. Such
persons as these are probably analogous to that small per-
cemngc of those cxpos:d to coccidioidomycosis who sustain

ination and serious seq , because of an inkerent
defect in some mechanism of immumty, which in that in-
stance is not as yet defined.

Actinomycosis cannot be compared directly with
those diseases observed to yield the chancriform picture
since the causative fungus is probably of a very low degree
of infectivity unless it is implanted deeply, in large
amounts, into traumatized tissues and allied with bacteria.
Norcardiosis also presents some of these features, but its
immunologic phenomena are even mote poorly under-
stood. Both of these organisms are more closely allied to
bacteria than are the other pathogenic fungi. The chan-
criform syndrome is not evident in either disease.

Chromoblastomycosis appears to be acquired almost
always by intracutaneous inoculation, yet does not result
in a chancriform syndrome. The body seems to have little
ability to prevent the spread of the disease, by immuno-
logic means, although the infection remains comparatively
superficial and progresses very slowly This fungus is
probably not capable of widespread dissemination to pro-
duce 2 fatal result,® and this infection should perhaps thus
he placed in a category between the deep and the super.
ficial mycoses. In this present regard jt resembles the
latter group in not resulting in the chancriform syndrome.

In summary, it seems hkely that the intracutaneous
inoculation of any one of the group of fungi classed as
deep mycotic organisms will result in an essentially be-

*There have been a few cases in which dematiaceous (dark-brown)
fung bave been observed m tissues of the central nervous svstern. Some of
these were accepted 25 being caused by the 1ame genera of fungl which
cuse Ch and
(Almeida and others)
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nign chancriform syndrome closely resembling typical spo-
rotrichosis, provided the organism is one which is strongly
resisted immunologically or cellularly by the host. The
widely disseminated, and chronic cutaneous forms of these
diseases probably result only from other portals of entry,
principally the lungs or digestive tract even when the firt
observed lesions are in the skin, and even when trauma
appears to have played a part. Placing appropriate em-
phasis upon such similaritics as these in diseases which ap-
pear at first glance to differ extensively, serves to exphin
some hitherto perplexing features.
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and the tests allowed to speak for themselves, then it is
logical to conclude that sporotrichosis closely duplicates
the same phenomena established in coccidioidomycosis.

The Intracutaneous Sporotrichin Test

It is amply evident that the human body strongly re-
sists the intracutaneous inoculation of Sporofrichum
schenckii, for it produces an intense cellular response
both locally and throughout the adjacent Jymphatic struc-
tures, sufficiently effective to prevent the spread of the
infection beyond the inoculated limb, although usually
not enough to achieve complete spontancous cure. It will
be recalled that when persons suffering from coccidioido-
mycosis exhibit a similar high degree of resistance, it is
accompanied invariably by the ability to react sxrong})’
to the specific skin test (yielding the delayed tubcrcu'lm
type of response).* Thus it is to be expected that lu;.:h
skin test reactivity to sporotrichin will also be the rule in
primary cutancous sporotrichosis. Such is indeed the case,
de Buermann being the first of many observers to accept
a negative skin test as sulficient evidence to rule out pres-
ent or past sporotrichosis. This is reliable in all but the
earliest stages, since in infections experimentally produced
in @ valunteer tt has been observed that the skin test be-
came positive as early as che fifth day following the mncuh
tion.  Allergic cutaneous reactions (“spomz'ndudx )
have been occasionally observed by de Buermann in Iuy‘ptf:
sensitive individuals, analagous to the ‘‘coccidioidids
described on page H although much less marked in degree.

*Gonraler Ochioa has temasked that the immediate fiare 1eation hx'l
been frequently observed but that It ould not be correiated in any ‘:‘
with the presence of absnce of the disease nor with ji stage of pmg‘vm
in any eanner  This is the cxact situstion abwnet by most wer!

in eoccidioidomycosis (see page 37)



Clinical and Immunologic Aspeets of Tungous Diseases 99

De Buermann, however, long ago reported “false posi-
tive” reactors to sporotrichin, that is, positive reactions
occurring in persons having no history suggestive of that
disease. In this regard it is important to recall that it is
now accepted that in coccidioidomycosis, Teactions to in-
trac testing with coceidioidin of the type pre-
viously considered to be “false positives” are in reality
“true positives,” since they occur almost exclusively in
persons who have actually kad the disease and recovered,
even thongh it may have nzver been perceptible clinically
It appears at least plausible that the same phenomenon
may account for “false positive” reactors to sporotrichin,
that is that many if not all of these patients actually have
previously had the disease. Also, Helm and Berman have
observed cases of sporotrichosis of a mild, superficial type
which healed spontaneously It is easy to realize that in
such mild cases as these the diagnosis of sporotrichosis
might very easily be missed, furnishing thereafter a per-
son who might be later shown to react positively to the
sporotrichin skin test and be classed wrongly as a “false
positive” reactor. These investigators were also unable
to produce sporatrichosis 1n some persons by experimen-
tally injecting the organisms, indicating the presence of
immunity; they do not state whether these persons were
tested with sporotrichin, but it might be that they would
have reacted positively, indicating that the tmmunity was
of the spearfic acquired type rather than natural.

Also, some of the tendency to produce “false” positive
Teactions may be due to nonspecific protemn-like substances
or chemical groupings contamned with the active principle
of sporotrichin It is interesting to note that the sporot-
tichin used by Norden was sterilized by heaung, for it
will be recalled that cocctdioidin may be freed from some
of 1ts nitrogen content by such heating without destroying
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its pawer to clicit reliable skin tests. With less nitrogen
content, there is less likelihood of “false positive™ reactions
to adventitious protein-like substances; the ideal skin test-
ing material perhaps would be a completely nitrogen-free
(therefore protein free) polysaccharide. Thus it is prob
able that heating (or other physical or chemical treat.
ment) should be experimentally employed in the produc.
tion of sporotrichin to eliminate as much nitrogen as pos
sible before it is concluded that its tendency towards false
positive nonspecificity cannot be reduced. Gonzalez Ochoa
has recently prepared such a “purified polysaccharide™
from Sporotrichum schenckii which he believes to be
very highly specific in this regard, Although his material
still contained 89, of nitrogen it did not give positive
Millon, biuret or xantho proteic acid tests, indicating the
lack of protein in chemically significant amounts, but it
might not be immunologically protein free, since im!{lll'
nologic Teactions constitute a much more delicate testing
procedure. .,
Apparently patients who have had sporotrichosis in
the severe disseminated form leading to fatality have not
been adequately studied with regard to sporotrichin test-
ing procedures, Experience with coccidioidin would lead
us to expect that such persons would reace poorly, if at all
to the intracutancous test, at least for a varying p‘crfod
before death, fumnishing thereby examples con{hmn§
with the opinion that such a negatinve reaction "mlt's out
sporotrichosis (which 1t apparently does rclinbl)'.lrl the
ordinary chancriform type). It is likely that this state
of affurs has ansen simply because of the extreme rarity
with which fatal disseminated sporotrichosis occurs, when
compared with the frequency of the primary cutancous
nonfatal form. In the serics of cases reported by Gom:ﬂtl
Ochoa, ane patient who had sporotrichous gcnrrﬂluﬂl
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through the blood stream failed to react to the skin test.
It will be interesting to watch for the results of sporot-
richin testing in future reports of such cases.

The Complement Fixation Test

The complement fixation test has given “variable”
results in the hand of several investigators. Norden found
it to be positive in but 2 of his 11 cases, the titer not being
specified.  Again, this is not surprising if this reaction ad-
heres to the pattern which seems to be established 1n coc-
cidioidomycosis (and probably in both of the blastomy-
coses and histoplasmosis as well) in which the complement
fixation titer parallels the total quantsty of involved tissue
(or in a later view, the total number of organisms actively
engaged in producing the disease) at the time the test is
made. In the ordinary type of chancriform sporotrichosis,
except in the very early stages, the organisms are so sparse
in the tissues as to be undiscoverable by histopathologic
study: we would expect such small numbers or organisms
to produce little or no complement fixing reactivity. It
will be recalled also that in primary cutaneous (chancri-
form} coccidioidomycosis (the analog of the ordinary
type of sporotrichosis), the titer of complement fixation
is low or absent (as will be shown also in North American
blastomycosis, see page 126) indicating a favorable prog-
nosis. Conversely, large numbers of organisms can be seen
easily in the tissues of infected animals, and probably of
human beings dying of sporotrichosis. It is only in these
7are, disseminated, fatal cases that the complement fixation
should reveal a high titer, just as it is very high in the
fatal disseminated type of coccidioidomycosis or blasto-
mycosis.

It is also necessary to point out again that Norden
autoclaved his sporotrichin, a procedure which experience
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with coccidioidin would indicate should be avoided when
preparing antigen to be used for complement fixation test-
ing, since the ability to participate in the complement fixa-
tion reaction is removed from coccidioidin if it is sub-
jected to prolonged heating. In place of heat, some other
method of sterilization should be employed; perhaps the
Dbest suggestion might be that aqueous merthiolate 1-10,000
be employed, since it has been shown not to interfere with
the reaction in coccidioidomycosis. Gonzalez Ochoa could
not obtain complement fixation with his material, perhaps
because some necessary protein-like component had been
removed in “purifying” the polysaccharide by repeated
precipitations with alcohol 96%. It appears likely that
the ability of an antigen to participate in the :om/zlrme_nz
fixation reaction depends upon its possessing some protein
or protein-like e¢lements, and that these may be casily
destroyed or Jost by many of the usual “purifying” or
sterilization procedures. Refore it is concluded rhn‘l 3
complement fixation reaction cannot be developed into
a reliable, consistent testing procedure in any discase, at:
tempts should be made to produce antigens which hase
not been “denatured” in any manner which could degrade
or injure any protein-like components which m}g]u be
present. Indeed, it would be advisable to imestigate alt
means by which any such “specific” protein elements coul.d
be increased in percentage or otherwise enhanced. This
should even be applied to tberculosis.  (See :ll{n under
blastomycin and its complement fination reactivity, page
130)
A precipitin reaction has been rcpons‘d 10 l')c rou-
tinely demonstrable in animal sporotrichosis, aglin m";
forming to recorded experience i the early phases o
coccidioidomycosis  Gonzalez Ochoa examined sera from
nine known human cases of sporotrichosis and found v
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strongly positise, two less strongly positive, three doubt-
fully positive and two negative by his precipitation test.
One of the strongly positive sera came from the patient
mentioned earlier who failed to react to the skin test.
It was postulated that perhaps the “antibody” which was
thus revealed as present in the circulating blood by the
precipitin reaction was “saturating” the reactivity of the
skin sufficiently to prevent its participating in the skin
test.  In coccidioidomycosis this thesis has been aban-
doned, since there is no cvidence to show that the “anti-
bodies” involved are similar or convertible one to the
other, and attempts to “saturate” the skin in this manner
have not been successful.  Also, important is the fact
that another of Gonzalez Ochoa's patients was skin test
reactive in spite of high precipatin titer. If the precipitin
test in sporotrichosis means the same as it does in coccidi-
oidomycosis, it should be high early in the disease, and
decline rather sharply after a few months (less than 7)
without regard to the seventy of the disease or whether the
patient is destined to die or to recover. The duration of
the disease in Gonzalez Ochoa’s patients was not recorded.

It is evident that much addinional data must be as-
sembled before these tests may be adequately evaluated.
One pitfall which must be avoided 1s that of anticipating
the same results from all of these tests in a grven patient at
a given time, ie., all tests negative or all tests positive.
They do not so parallel each other in coccidioidomycosis;
ndeed it is evident that each test reveals the presence of a
different antibody and that each is of different significance
as far as the diagnosis of the discase as well as the prog-
nosis of the patient is concerned. It seems likely that

similar conditions will be found to prevail in sporotricho-
sis.
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Therapy

The therapy of sparotrichosis is both easy and difficult
to discuss, because although it is universally accepted
that fodides act almost specifically and successfully, the
mode of this action is still obscure. Potassivm iodide is
usually the drug selected, and the dosage should be soon
raised as high as can be tolerated, up to 120 drops of the
saturated aqueous solution daily, given in divided doscs
and taken in the usual fashion diluted with water or milk.
In most cases the response is prompt and healing is com-
pleted within a few weels. The medication should be con-
tinued for at least a month after all signs and symptoms
have disappeared. If gastrointestinal intolerance deselops,
sodium jodide may be given intravenously in somewhat
tower dosage, 1 to 2 gm. daily. Half strength Lugol's com-
pound solution of iodine is wseful as a wet dressing for
open lesions.

Although the manner in which iodide exerts its bene
ficial action 15 still not clear, there are many clues. The
concentration of iodide induced in the body tissues in
general by the usual mode of administration probably
cannot exceed 18,000, whereas it 1s known that Sporet-
richum schenckn can be grown in culture in 3 medinm
containing up to 10% iodide (Gonzmlez Ochoa). Using
radioacuve iodine (3-181) as a tracer, Shintani, and Wil
son could not demonstrate any lacalized “uptake™ by any
of the cells of the host in sporotrichotic lesions in animals,
nor any concentration 1 the arcas of the lesions n gen
eral. lodide therapy practically never fails in the ordinan
chancriform tyre  f sporotricl ¢ is much less e

liableinth | 7 ted fo 4 sould seem to in
dicate that degree % ologic resistance
exerted by ¢ osessi .- criform 1ype is

Land id simply

of the great ~
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g this resi 1 t in some small but vitally
necessary factor, This would explain its failure in dissern-
inated sporotrichosis where the resistance may be nil, or
some inherent defect in the patients immunologic proc-
esses may be operative.  (See also the status of stilbamidine
in blastomycosis, page 141.}

‘There are insufficient data as yet to allow the value of
iodide therapy to be examined in the light of the prog-
nostic studies yielded by the interplay between the skin
test and complement fixation titers, as has been recom-
mended in coccidioidomycosis. It will be extremely in-
teresting to watch for such reports.

Surgery is contraindicated since it apparently breaks
the patient’s wall of resistance and is often followed by
spread of the infection. It is even recommended that
fluctuant accumulations of pus be treated by aspiration
rather lh:m by incision and drainage for thc same reason.
For lation tissue 1 ly filtered x-ra-
diation is he]pfu].

When progress is slow, vaccines prepared from the
Yeats-like phase of S. schenckii have been recommended as
supplements to iodide therapy by several investigators.
The status of such preparations is questionable, as in the
other deep mycoses, particularly since vaccine-therapy has
not apparently served to cure cases of the disseminated
variety,

As with other deep mycoses, the usual antibiotics
which are effective aganst bacteria should be withheld,
unless they are specifically indicated because of concom-
itant obvious secondary infectuion with susceptible bac-
terra. None has as yet been shown to exert any inhibitory
action agawnst Sporotrichum schencku; in fact, Gonzalez
Ochoa and Soto-Pacheco have shown that pemwcillin acts
as 2 growth P g factor, and Camp and Saslaw
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attributed the same type of activity to streptomycin. Wide
spectrum antibiotics may also deprive the body of some
protein elements valuable in developing antibodies, by
interfering with bacterial assistance in digestive processes.
Some necessary vitamin B factors may be similarly
inhibited.



Chapter 11

NORTH AMERICAN BLASTOMYCOSIS—
HISTORY AND THE CLINICAL
SYNDROMES

I:l 1894, Gilchrist presented to the American Dermato-
logic Association a preliminary report concerning a pa-
tient who possessed a skin disease unlike any which had
been previously described, and which he attributed cor-
tectly to a microorganism appearing in the tissues as a
budding yeast. “Two years later he published a detailed
study of this case, and in 1898 in collaboration with Stokes,
he named the causative fungus Blastomyces dermatitidis.
The disorder soon became known as blastomycosis, or Gil-
christ’s disease. Numerous similar cases were reported
during the next few decades, including some in which the
disorder involved internal organs as well as the shin, but
it became apparent there was considerable confusion with
the other deep fungous diseases in which the organisms in
the tissues can appear as spherules, namely cryptococcosis
(torulosis), coccidioidomycosis, and South American blas-
tomycosis This confusion was not resolved until the
peniod around 1930, when methods of differentiating
among these diseases were clarified by Almeidz and by
Benham.

During the half-century which followed the original
discovery, 1t became firmly established that North Ameri-
can blastomycoss exists in two forms, the clinical pictures
of which are markedly different. In one, the skin alone

107
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is apparently involved in a chronic, ulcerative, granulo-
matous process, slowly progressing at the periphery and
healing by cicatrization in the central portions, and con-
tinuing for many years without usually affecting the gen-
eral health of the patient. In the other, the lungs are
the primary focus, from which the disease as a rule soon
becomes widely disseminated, usually causing death.
Rarely was a combination of these two forms reported or
even a transition from one to the other.

It became universally accepted that this sharp differ-
entiation was attributable entirely to the manner in which
the infecting fungi had entered the body, inocylation of
the organisms directly into the skin causing the chronic
cutaneous form, while their inhalation into the Junx
resulted in the disseminated visceral type. By 1931, how
ever, Schwarz and Baum alter extensively studying blasto-
mycosis from the pathologist’s viewpoint, had discovered
that painstaliny investigation of cascs of the chronic e
tancous type usually revealed evidence of concamitant of
preceding pulmonary involvement; they were so im-
pressed with the regularity of this finding in so large 3
percentage of such cases that they became consinced that
it probably exists in all, even though too minor or evanes
cent 10 be detectable in some. They concluded that the
chronic, cutancous type was therefore simply another
manifestation of the way in which dissemination from 2
pulmonary focus could evolie, contrasting sharply with
the widespread visceral jnvolvement previously alone con-
sidered typreal.

In support of tns view they pointed out that there
were three instances in which Blastomyees dermamn{"
was known to have been inoculated directly into the skif
of previously uninfected individuals, and in no e had
the ordinary chronic, cutancous form of the disease re-
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sulted. On the contrary these patients had all exhibited
a chancriform picture, closely resembling the usual form
of sporotrichosis (see page 79). The following year, I was
privileged, among others, to observe the case of a mortu-
ary attendant who became infected with B. dermatitidis
by means of a puncture wound sustained into a finger
while preparing the body of a person dead of the dissem-
inated form of blastomycosis. The clinical picture which
evolved was typically chancriform and in no way re-
sembled the ordinary chronic cutancous type. (This spec-
tacular event appeared entirely convincing to me, becanse
Thad been by that time already “conditioned” by closely
observing for 5 years the course of a patient intracutane-
?uslv inoculated in exactly the same manner with Coceid-
ioides immitis, and in whom the identical chancriform

d lop ,) bseq ly Wilson, Cawley,
Weidman and Gilmer studied all four of these cases and re-
ported them in detail, considering the evidence suffici-
ently conclusive to establish this type as an entity, called
“primary cutaneous blastomycosis.” Although this view
has not as yet been universally accepted, it will be ad-
hered to in the classification used here.

Primary Cutaneous Blastomycosis

Although extremely rare and accordingly warranting
Ro such priority, this type will be first disposed of here,
because the other more common forms merge into one an-
?the’r in such 2 manner that continuity in their discussion
is desirable,

In the four known cases, primanly inoculation of
B dermatitidis into the skin of human beings resulted in
 papule appearing at the inoculation site in a week or
:0, followed in about two weeks by lymphangitis and

phadenopathy ining localized to the affected limb.
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In two cases several tender nodules developed along the
course of the lymphangitic vessels, r bling closely the
usual picture of sporotrichosis. Although the evidence is
not conclusive, it appears probable that blastomjcosis ac-
quired in this manner has a tendency to be much milder
than in the other forms, and even to heal completely and
spontaneously in most instances. The primary lesion was
excised in three cases, and the Jymph-nodes in the fourth,
but in no case were both of these infected areas extirpated
Nevertheless all patients became entirely healed within
four months, without developing cither the chronic Tocal-
ized cutancous form of the disease or sustaining dissemina-
tion. Subsequently all of these patients showed no recur-
rence, one during 44, one 29, one 6 and one 4 years, re-
spectively.

Histopathologic preparations reveal the primary le-
sion to consist of a dense infiltrate of leucocytes predom-
inantly of the polymorphonuclear type, within which are
to be seen the singly-budding cells of B. dermatitidis. 1n
the early phases of the infection these organisms are nu-
merous, later they are found to have decreased markedly
in numbers. The lymphangitic streak reveals an inflam-
matory infiltrate containing a multiphcity of cell types
and numerous blastomycetes, The lymph nodes reveal
foct of acute granul Jymphadenitis in which are
giant cells occasionally containing the i

Jous Off

Primary Pulmonary Blastomycosis

Although much evidence indicates that the Tungs are
frequently (if not mdeed almost mariably) th pm.l-ﬂ
of entry for blastomycosis, the resulting discase is 30 38
swchaus iu ics deselopment chae liedle is Aneown of the pri

mary phases. The source n natre from which lh; l:;
ed.

ganisms are acquired has not as yet been discorer



Clnical and Immunologic Aspects of Fungous Diseases 111

spite of careful search dirccted along the lines so success-
ful in the case of the other deep mycotic fungi. It is vir-
tually certain however that the spores must be inhaled in
the manner which has become the estabhshcd fact in coc-
idioidomycosis and probably in |

At first the mfectwn apparcmly closely resembles
an ordinary subacute respiratory infection, presenting it-
self as a nonproductive cough accompanied by moderate
fever, chest pain and perhaps dyspnea. These symptoms
gradually increase in severity, bloody and purulent sputum
appears, and weakness, anorexia and loss of weight begin
to be prominent. The fever becomes more pronounced
and night sweats often occur, Pleurisy is occasionally
observed. Erythema nodosum has been recently reported,
reminiscent of its frequent accompaniment with coccidioi-
domycosis 1 the same stage

Little is known of pulmonary blastomycosis in any
mild form, such as is recognized 1n cocaidioidomycosis.
When severe, it is difficult to differentiate pulmonary
blastomycosis from massive tuberculosis or lung abscesses
by physical examination, unless the infection erodes
through the chest wall to form discharging sinuses i the
skin - X-ray examination of the chest may reveal extensive
enlargement of the mediastinal nodes, but this is often
mdden by massive densities projecting trregularly from
that area, in a manner strongly suggesting bronchogenic
carcinoma, ‘There may be only unilateral involvement
at first, but later the other lung usually becomes infected.
Cauity formation is not common, and such lesions are usu-
ally small and irregular 1n outlne Occastonally there is
evidence of massive miliary spreading Sometimes the pa-
tient slowly recovers; sometimes death occurs while the
disease 15 sull confined to the lungs; more frequently,
however, dissemination to extrap ary areas occurs.
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Pathologically, pulmonary blastomycosis may grossly
resemble carcinoma or tuberculosis. Nodules of all tizes
some of which are caseous, abscesses, and occasionally cv-
itation are seen. Pleural thickening is common, and fre-
quently the disease extends beyond the pleura to involie
the ribs, and sometimes even to penetrate the chest wall
and discharge externally. Involvement of the lungs is
almost always extensive in patients dying of blastomycosis,
and the organisms are usually found to be present in enor.
mous numbers accompanied by a comparatively slight
degree of cellular inflammatory reaction.

Disseminated Blastomycosis

Disseminated blastomycosis occurs by means of hem-
atogenous spread of the fungi from the lungs to other
parts of the body. The skin is involved in a large per-
centage of cases, and the bones in perhaps two-thirds, most
commonly the ribs and vertebrae. Bony lesions seen in
x-rays reveal both destructive and proliferative processes.
Tesembling those produced by tuberculosis more than the
cystlike lesions of coccidioidomycosis, but Jess prolifera-
tive than actinomycosis  Compression of the spinal cord
may result from the collapse of vertebral bodies.

Involsement of the viscera is common, especially shc
tiver, spleen, kidneys and prostate. In about one third
of the cases central nerous system lesions occur, and men-
ingitis or brain abscesses are not rare. In striking con-
trast to South American blastomycosis, the intestinal (ra¢
is usually spared.

Anemia of the hypochromic type is typically present
and there 1s usually a leucocytosis, prcdomin:n'xly poly
morpl lear. The sedi ion rate is lmghmm}
Pathologic examination in disseminated blastomycon
usually reveals involvement of many organs, and the Je
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sions are seen to contain ever more numerous organisms
in proportion to the degree to which the disense has pro-
gressed and the effarts of the tissues to combat the in-
fection have become fessened. In the earlier stages there
is a purulent character to the lesions; later, tubercles, ne-
crotic zones and abscesses appear. Bony lesions {requently
result in subcutancous abscesses or sinuses draining
through the skin, There may be focal lesions in muscies.
Pericarditis with effusion has been reported.

In autopsy material the organisms may be present in
such Jarge numbers as to appear almost as though in pure
culture, the body of the host having long since ceased to
offer much immunologic or cellular resistince to their
multiplication. As will be discussed 1n the next para-
graphs, this picture is in stnking contrast to that seen in
the chronic cutancous form.

Chronic Localized Cutancous Blastomycosis

Int this, its most common form, North American blas-
tomycosis is first observed as a cutaneous lesion and re-
matns apparently limited o the shin throughout a chronic
course excending over many years. As has already been
pointed out it was until recently assumed that this type
of infection was caused by direct inoculation of the or-
ganisms at the point where the wmitial lesion appeared.
Sinte the realization that in those four cases in which cu-
taneaus inaculation was known to have occurred, an en-
tirely di ch form synd: developed, it has
become necessary to explain this chronic cutaneous form
as simply a special type of the disserunated disease.

Regardless of arguments as to its mode of origin, lo-
cshzed cutancous blastomycosis begins either as an iso-
Tated papular lesion in ot just below the skin, or as a sub-
cutaneous nodule developing into an abscess and eventu-
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ally rupturing to form an ulcer. The lesion soon deselops
a verrucous appearance, studded with tiny pustules, the
whole being raised above tlie Jevel of the surrounding skin
a few millimeters. There is slow peripheral extension,
until the lesion is a few centimeters in diameter, at which
time the central area begins to subside, finally healing
completely by the formation of a seft atrophic non-<on-
tractile scar. Other lesions may appear, cither originat-
ing as did the first from the primary pulmonary focus, or
by direct ¢ pl ion of the organi! from the skin
lesions to a new area of the skin, and by irregular periph-
eral growth and coalescence, gyrate, arciform and serpigi-
nous forms are produced. Over many years this process
may eventually cover large areas of the body surface, per-
haps as much as a siath of its extent, but there is a strong
tendency to remain roughly contiguous to its point of first
appearance.

Typically at the borders of these lesions there is a
characteristic verrucous ridge a few millimeters in height,
with many pustules and exudative crusts on its crest, the
whole resting on a tumid, violaceous base which termi-
rates abruptly at the edge of the normal surrounding skin
wentrifugally, and equally precipitously in scarred atrophy
at the center. This entire process has been appropriately
likened to a fire in a field of grass or grain; istands of shin
are often left uninvolved or islands of activity may te-
main long after they have been separated from the main
mass of the infection. In contrast to syphilis, which neve?
retummns to arcas it has once abandoned, there are ins(:m(.ts
of recurrences in arcas already scarred by blastomycosis.

In chronic localized cutaneous blastomycasis the
pathologic picture differs markedly from those forms pre
viously described.  Here there 1s acanthosis, developed to
a more marked degree than in any other known disease,
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NORTH AMERICAN BLASTOMYCOSIS—
THE SIGNIFICANCE OF
LONG PERSISTING FOCI OF
CUTANEOQUS INFECTION

IN THE PRECEDING chapter some recent evidence was
presented indicating that there is need for revision of
some of the previously held cancepts of the pathogenesis
of North American blastomycosis, especially with regard
to the clinical prcture which results from the intracutane-
ous inoculanon of this fungus into the skin of previously
uninfected person. It had always been accepted that
when acquured 1n tins manner, blastomycosis assumed the
chronic, localized araneous form and endured for years
without endangenng the life of the panent  Similarly.
coccidtordomycosis had been accepted as behaving m the
same way until the paemt of Wilson, C L Smith and
Plunkett, who was known to have been infected ntracy
tancously, subscquently followed a chancriform course
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Chapter 12

NORTH AMERICAN BLASTOMYCOSIS~
THE SIGNIFICANCE OF
LONG PERSISTING FOCI OF
CUTANEOUS INFECTION

I.\: THE PRECEDING chapter some recent evidence was
presented indicating that there is need for revision of
some of the previously held concepts of the pathogenesis
of North American Dblastomycosis, especially with regard
to the clinical picture which resnlts from the intracutane
ous inoculation of this fungus into the skin of presiously
uninfected person It had always been accepted that
when acquired in this manner, blastomycosis assumed the
chronic, localized cutancous form and endured for years
without endangering the life of the patient. Stmilarly,
coccidioidomycosis had been accepted as behaving in the
same way until the patient of Wilson, C. E. Smith and
Plunkeut, who was known to have been infected intracu
taneously, subsequently followed a chancriform coune
instead. In an enurely anafogous fashion, the work of
Schwarz and Baum, followed shortly by the study made
by Wilson, Cawley, Weidman and Gilmer appeared 0
establish primary entancous blastomycosis also as a chan-
criform syndrome, and made it nccessary to aceept ﬂjl‘
view that the usual chronic cutaneous type results by di
semination of the organism to the skin from an internal
primary focus, probably always pulmonary.
118
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similarly under similar circumstances, With but minor
variations the same picture is observed in the primary
cutaneous exptession of tuberculosis, syphilis, yaws, Ameri.
can leishmaniasis, sporotrichosis, and coccidioidomycosis
(see page 91). The nodules along the fymph channels ob-
served in two of these cases of blastomycosis simulated
those so characteristic of sporotrichosis and those encount-
ered in the case of coccidioidomycosis reporied by Wil
son, Smith, and Plunkeu.

Additional support for the above thesis is to be had
by observing how well it is able to clarify some hitherto
puzzling clinical and i fogic aspects of bl ¥
cosis. It now appears likely that, exeept when inoculated
intracutaneously, blastomycosis follows in general the pat-
tern which has become 5o well undersiood in coccidioido-
mycosis, which is represented in skeletal form by the fol-
lowing sequence of events: (1) many persons inhale the
fungi: (2) a large proportion acquire the disease in the
lungs; (3) some die, but many resist the discase so effi-
ciently that it is kept Jocalized in the lungs and remainy
entirely asymptomatic and subelinical until it eventuates
in complete recorery; (4) some persons da not quite s0
efficiently resist the infectron, and these sustain hematogen-
ous dissemination of the fungi to other organs, one of the
commonest of which 1s the skan;  (5) some of these persons
die; (6) some contnuc to resist the disease immunologi-

cally and finally elummate it entirely; (7) others succeed in
clearing the infection completely from all internal organs,
but cannot quite cliannate 1t from the skin, which may
then continue to be imolved for years in a chronic cicat:
nzng form.  Delerning for the moment the immunologi
and allergic wmplicavons, some clinical observations are 10
order, since at least a few cases of blastomycosis represent







118 Clinical and Immunologic Aspects of Fungous Diseases

similarly under similar circumstances, With but minor
variations the same picture is observed in the primary
cutaneous expression of tuberculosis, syphilis, yaws, Ameri.
can leishmaniasis, sporotrichosis, and coccidioidomycosis
(sce page 91). The nodules along the lymph channels ob-
served in two of these cases of blastomycosis simulated
those so characteristic of sporotrichosis and those encount-
ered in the case of coccidioidomycosis reported by Wil
son, Smith, and Plunkett.

Additional support for the above thesis is to be had
by observing how well it is able to clarify some hitherto
puzzling clinicat and immunologic aspects of blastomy-
cosis. It now appears likely that, except whert inoculated
intracutaneously, blastomycosis follows in general the pat
tern which has become so well understood in coccidicido-
mycosis, which is represented in skeletal form by the fob-
Jowing sequence of events: (1) many persons inhale the
fungi; (2} a large proportion acquire the discase in the
lungs; (3) some die, but many resist the disease so cffi-
ciently that it is hept locahized in the Tungs and Temains
entirely asymptomatic and subclinical until it eventuates
in complete recovery; (4) some persons do not quite so
efficiently resist the infection, and these sustain hematogen-
ous dissemnation of the fungi to other organs, one of the
commonest of which 1s the skin;  (5) some of these perions
die; (6) some continue to resist the discase immlmolo;:,h
cally and finally elimnate it entirely, (7) others succeed in
clearing the infection completely from all intenal organs.
but cannot quite eliminate it from the skin, which may
then continue to be imvolved for years in a chronic cicat-
rzng form  Defernng for the moment the immunolo’,{k
and allergic implicauons, some clinical nh!cr\’-l‘!ibn! arein
order, since at least a few cases of blastomycosis Tepresent
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people in sufficient quantities to transmit the infection;
or they are relatively non-irulent as compared to Coceidi-
oides. Perhaps all of these factors are operative. It seems
certain also that the human body does not acquire eflective
immunologic resistance to blastomycosis as easily as it
does to coccidioidomycosis, so that probably a much higher
percentage of those persons woh do become infected, de.
velop it in a serious form.

It is quite probable however that there are some such
“silent”” cascs of blastomycosis. In this regard it must be
considered extremely significant that recently Smith,
Harris, Conant and Smith, while investigating a small, but
highly interesting and instructive cpidemic in North Car.
olina, found in that vicinity several “normal” persons
who reacted positively to the intracutaneous injection of
blastomycin, and who almost certainly therefore must be
presumed to fall into this category even though no such
clinically evident illness was recalled. So may some of
the so-called “false positive™ reactors to the skin test re-
ported from time to time by other observers. Further de-
velopments in this field are to be anticipated.

‘There have been many instances of recognized pul-
monary blastomycosis which have been accompanied by
Iesions in other organs or in the skin indicating dissemn
jnation; sometimes indeed, the infection has been recoy-
nized while still localized in the lungs, and the process of
dissemination subsequently closcly observed from its very
begmning. 1 know of no cases, however, in which this
sequence has been clearly proved to have been reversed,
that is for skin lesions to be present while the lungs were
demonstrably clear, only to have them become in)ohn]
later. In other words, disscmination scems to occur in one
direction only, from the lungs to the skin and nmr‘br
the reversed route. (That this might occur following
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How, then, can we account for those cases of chronic
cutaneous blastomycosis in which there is no recollection
of any preceding pulmonary disorder which could have
been the primary focus? It is likely that this follows the
line established by coccidioidomycosis, and simply means
that pulmonary blastomycosis may be present but remain
entirely asymptomatic, or may be so mild as to be classed
as a “cold” or “influenza” and yet be capable of dis-
seminating in susceptible individuals, after which the lungs
may become clear, still without that imvolvement having
been realized. This also strengthens the theory that pul-
monary blastomycosis may have existed in a considerable
number of persons and become completely healed sithout
ever occasioning any concern, fumnishing thereby positive
reactors to bl ycin among pr bly “normal™ in-
dividuals. It will be asked why the infection does not
spread from the skin backwards to the lungs once they
have become cleared. This cannot be explained as due
to any lack of virulence of the infection, because the skin
disorder cannot be said to be inactive; on the contrary,
it frequently extends Jocally to an astonishing degree and
Iasts for many years, eventually involving perhaps as much
as a sixth of the body surface. Cannot the infection thus
become sufficiently virulent again to “disseminate” once
more, this ime mwards to the lungs or the viscera? Per-
haps this does in fact occur occanionally, by esentually
debilnaung the patient, but 1 donbt that 1t 1 frequent
In fact it is difficult to find cases in which this even seems
Iikely to have occurred. Tt is more logical to conclude
that the lungs became cleared originatly only because they
deseloped an effective degree of smmunologic resistance.
and that this resistance then persists for years or for hfe

in that area.
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It may seem odd to claim that the lungs of an indi-
vidual can thus possess the ability to resist the disease
completely by immunologic means; while the skin obvi-
ously in many cases does not, since it may continue to be
involved for years. However there is an explanation
which seems to fit and whicl: is apparently supported also
by certain allergic and immunologic phenomena soon to
be discussed. From a clinical and pathologic standpoint
1t is evident that, while the skin frequently fails to de-
velop plete 1 (that is, sufficient to achieve a
spontaneous cure), there are several reasons to believe
that it nevertheless resists the infection ntensely. First,
1t must be noted that many cases have been observed in
which the skin has been involved continuously and ex-
tensively for many years without the general health of the
patient being affected. With an infection potentially as
virulent as blastomycosss, it can only be concluded that it
1s being resisted very well by the other parts of the body
in these nstances  Second, the skin succeeds in healing
1tself completely 1n the central portions of the usual type
of chronic cutaneous blastomycosts, again a manifestation
of high resistance.* Third, anyone who has succeeded
in establishing the diagnosis 1n this type of blastomycosis
by histopathologic study cannot but be deeply impressed
with the difficulty with which the causative fungi are to
be discovered, they are usually present in such infimtely
small numbers that several sections must be examined
before one orgamism can be seen  In contrast, the cellular
reaction of the host which these sparse organisms engender
mn the skin 1s tremendous, a dense infiltrate consisting
of thousands of lymphocytes and plasma cells for every

*Not as complete however as 13 exhibited in syphilis for 1n blasto-
mycosis such healed areas may become snfected again by direct noculation
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fungus cell, contained beneath an epidermis so highly
stimulated that it closely resembles a carcinoma (pseudo-
cpitheliomatous hyperplasia). This certainly bespeaks a
high degree of resistance.

Yet, although the resistance in the skin is of high
degree (indicating that it also participates in the im-
munologic reaction which succeeded previously in clear-
ing the lungs completely) it frequently fails to achieve
complete success. ‘There must be some relatively small de-
fect in the mechanism of resistance which falls just a little
short of perfection. The nature of this deficiency canuot
be defined at present, but it scems to offer a most promis-
ing field for research. Two other facets of this phe-
nomenon will soon be pointed out.



Chapter 13

NORTH AMERICAN BLASTOMYCOSIS~
IMMUNOLOGIC ASPECTS

A5 rarLy as 1914, Boughton and Stober had wtilized
an extract from cultures of Blastomyces dermatstidis as a
shint tesung material, both by the scratch method and by
intracutaneous wnjection.  Thewr patient showed a “'posi-
wve shin test to the Jawter youte Ir will be xeen 1o be
highly sigmficant that they also siated that thewr patient
was “recovering from the infection at the time the test was
made.”

By 1943, Martin had become convinced that two im-
mulologic testing procedures were of value w ascertam-
ing the prognosis in cases of bl osis. He observed
that patients dywng of the mfecuon usually reacted only
minimally, or not at all, to the intracutaneous injection
of a substance (blastomyan) extracted from cultures of
B. dermatitedis, while ther sera were able, in conjuncuon
with this anugen, to fix complement in a ngh diluton
(up 10 1.32). Conversely, patents having only a small,
chronic, focus which persisted for many years,
usually reacted strougly to the mntracutaneous test, while
thewr complement fixation reaction was either negative or
only weakly positive At about the same time, students
of coccrdiordomycosis, especially the groups working with
€. E. Smith and Kessel, were sndependently making simi.
lar observations on patients with that disease. Subse-
quently, after thousands of tests on hundreds of patients

325
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with coccidioidomycosis, it has been cstablished that for
purposes of prognosis the clinician may use the reaction
to the intracutancous test {roughly quantitated by ting
the degree of response to several dilutions) as a measure
of the extent of the immunologic resistance which the
patient js mobilizing against che disease, while the Teac-
tion to the complement fisation test (also quantitated
by dilutions) serves to measure the extent and sevesity of
the disease, or “the amount of tissue involved,” or ina later
view “the number of the causative organisms actively en.
gaged in producing the disease a1 the time of the yest.”
It must not be implied, however, that any of the antibodies
revealed by these tests have been shown to be the actual
means by which immunity is conferred npon the indi-
vidual, but rather that there 1s a high degree of parallel
ism useful co the clircan for ascertammng the prognosis,
These facts have become clearly evident eatlier in coc
cidioidomycosis, principaily because of the opportunity for
study afforded by the large number of persons who mani-
fest the infection in its extremely benign farm, a stage nat
as yet demonstrated conclusively mn blastomycosis.  flow-
ever, the same views seems hlely ta prove valid m the
Iateer discase also, and are grnen credence by many ob-
senvers.  In recent years there is considerable evidence
mdrcaung that bistoplasmosis follows the same pattern

It 1s notessorthy that n che only four Anown cases
proved primarny cutancous biastomycoss, the witradermal
tests (which were performed only in the two later cases),
became positse 10 a significantly high diluion rather
carly, indicaung the desclopment of good smmunologic
renstance, while the complement Bxanon uter was per-
sistently zcro in one case and very low m annther, mdicat-
ing but a small extent of infectian The acceptance of
these indications of a good prognosis was borme out by the
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clinical course which the disease folfowed in these pa.
tients, all four of whom recovered completely without any
therapy which could be considered in the least specific,
and with only partial surgical extirpation in any of the
cases.

In many & of pul bl yeosis the
compltmcnt fixation titer tas been [ound to be high
(hgh, that is, for blastamycosis but not when compared
with titers in coccidioidomnyeosis) while the skin has re-
ac:cd mm)mally ornotatall. The m(crprcmlion of these

as indicating 2 poor prognosis is supported by
thc high rate of (amhty actually observed n this type of
blastomycosts.  Some of these patents have also simul-
taneously had disseminated fesions in other viscera or in
the skin, and in these persons the complement fixation
titers have usually been correspondingly higher. Some
others have shown a reversal of these tests, however, indi-
cating a good prograsis, and of course some of these have
recovered, beaning out ths prediction

The reactions to hlastomycin exhibited by patients
who have possessed the chromc cutanecus form of blas-
tomycosis withont concomitant pulmonary fesions being
evident have, until recently, been considered “erratic,”
and difficolt to interprer  Howeser the recent concept that
tins form 15 dertved by ¢ ion from a pub
primary focus is capable of explaining most of these du~
crepancies.  For example, some cases have shown a high
complement fixatson titer and a low shin test reactivity:
and some of these have been shown to possess the infec
tion still an the acuve form in the lungs or other viscera
as well, thereby accounting for the large amount of heavily
involved tissues mdicated by such a high titer. Thus, a
titer higher than that which should be expected from the
shin lesions which are visible should therefore be taken as
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with coccidioidontycosis, it bas been established that for
purposes of prognosis the clinician may use the reaction
to the intracutaneous test (roughly quantitated by using
the degree of response to several dilutions) as a measure
of the extent of the immunologic resistance which the
patient is mobilizing against the disease, while the reac
tion to the complement fixation test (also quantitated
by dilutions) serves to measure the extent and severity of
the disease, or “the amount of tissue involved,” or in a later
view “the number of the causative organisms actively en-
gaged in producing the disease at the time of the tes.”
It must not be implied, however, that any of the antibodies
revealed by these tests have been shown to be the actual
means by which immunity is conferred upon the indi-
vidual, but rather that there 1s a high degree of parallel-
ism useful to the ¢lintcian for ascertaming the prognosis.
‘These facts have become clearly evident earlier in coc-
cidioidomycosis, principally because of the opportunity for
study afforded by the large number of persons who mani-
fest the infection mn its extremely benign form, a stage not
as yet demonstrated conclusively in blastomycosis, How-
ever, the same views scems likely to prove valid in the
latter disease also, and are given credence by many ob-
servers In recent years there is considerable evidence
indicating that lustoplasmosis follows the same pattern.,

It is nateworthy that in the only four hnown cascs
proved primary cutaneous blastomycosis, the intradermal
tests (which were performed only in the two later eases),
became positive m a sigmificantly high dilution racher
early, indicating the development of good immunologic
resistance, while the complement fixaiton titer was per-
sistently zero 1n one case and very low mn another, indicat-
ing but a small extent of infection. The acceptance of
these indications of 2 good prognosts was bome out by the
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strong evidence that there are other lesions in the viscera
or lungs as well, perhaps subsequently discoverable by care-
ful examination, but sometimes existing in “silent” areas.

By contrast, many cases of extensive chronic cutaneous
blastomycosis have revealed low complement fixation titers
and a high degree of skin test reactivity. This has fre-
quently appeared to be paradoxical for two reasons: first,
such a Jarge area of involved tissue would be ordinarily
expected to produce high complement fixation activity,
and second, the duration and extension of the disease dur-
ing many years belied the “'good prognosis” indicated by
the high skin test reactivity. These results are not at all
inconsistent however, if (in accordance with the latest
concept) complement fixation titer indicates the “number
of organisms actively engaged in producing the disease at
that time"; for in this type of the disease the organisms
are indeed few in total numbers, That the high skin test
reactivity actually indicates high resistance is also con-
sistent, if the view advocated above is accepted, that is
that the skin in this type of disease is actually exerting a
high degree of resistance, even though it does not succeed
in achieving a complete cure.

Tt is necessary to consider the nature of this material
called “bl vein” with the s ¢ of which these
tests are performed. Recent work by Martin has demon-
strated that probably both polysaccharide and protein ele-
ments are produced by the yeast phase of Blastomyces der.
matitidis in culture (i, that grown at 37° C). By simply
svashing these budding cells with saline a solution is ob.
tained which fails to produce a precipitate with trichior-
acetic acid or to react to the biuret test indicating the ab.
sence of more than tiny amounts of protein; yet it yields
2 strongly positive Molisch reaction indicating polysac-
charide (carbohydrate) This material sevves well for the
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performance of the intracutaneous test in human beings
possessing blastomycosis, but does not fix complement with
their sera. Martin does not state whether or not this
material is entirely nitrogen {ree, so that it may still con-
tain some protemn-like haptene groups, although it is es-
sentially protein-free,

In his earliest experiments with complement fixa-
tion in blastomycosis, Martin utilized 2 saline suspension
of living Blastomyces yeast phase cells as the antigen and
obtained satisfactory reactions. Attempts to make similar
potent antigens which were soluble and stable by freezing
and thawing or by mechanical grinding were unsuccessful,
Recently he has made a soluble antigen satisfactory for
complement fixation reactions in human sera by liberating
the active principle from the yeast cells by treatment with
the sonic osaillator for 15 minutes  (In fact, this material
was made from cells remaining after the removal of the
polysaccharide component described in the preceding par-
agraph) This solution gave strong reactions to tests for
both carbohydrate (polysaccharide) and protein.

It will be recalled (see page 45) that coccidioidin
from which practically all mitrogen has been removed

(therefore protein free) still serves beautifully for the
performance of the skin test, even as Martin’s purified
polysaccharide “blastomycin” serves in blastomycosts Coc-
cidioidin as ordinarily made serves very well however and
yields such a high degree of specificity that purification
by removal of its small amount of nitrogen is not neces-
sary. However, there is evidently a great deal more ni-
trogen in the form of protein in the cells of Blastomyces
than in Coccidioides, and such protein may well be re-
sponsible for some of the “non specificity” exhibited by
some of the “blastomycins” used in the past. It would
seem advisable to use exclusively such a purified polysac-
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charide product as that of Martin for skin testing in blas-
tomycosis in future investigations.

Conversely, since apparently a protein-like component
is nmecessary if an antigen is able to enter into the com-
plement fixation reaction, Martin's protein component
would seem to be preferable for this purpose over any
less purified mixture, although it still contains polysac-
charide elements as well {so does coccidioidin need nitro-
genous structures for complement fixation activity al-
though also containing polysaccharide),

Martin has also observed that a precipitin reaction
can be made to occur with blastomycosis sera, but has not
studied this procedure sufficiently as yet to define its use-
fulness or significance. In addition he is studying the
phenomenon of hemagglutination (agglutination of
sheep’s erythrocytes previausly sensitized by blastomycin
when mixed with serum from patients possessing blasto-
mycosis) in the manner suggested by the work of Middle-
brook and Du Bos in tuberculosis. This reaction needs
much more investigation before it can be defined.

Such studies as these leading to the preparation of
testing materials of greater reliability, specificity and sta-
bility aver long periods of time are extremely valuable
and when carried out with regard to the specific antigens
for other fungaus wnfections should do much to clarily
our understanding. As far as can be seen at this time,
there are great similarities in the nature of the materials
and the significance of therr reactions in all fungous dis-
eases thus far jnvestigared.



Chapter 14

NORTH AMERICAN BLASTOMYCOSIS—
APPROACHES TO THERAPY

Non-m AMErICAN blastomycosis has always been con-
sidered by most physicians to be a serious disease, proceed-
ing if untreated almost unsformly either to the death of
the patient or to an extensive involvement of the cutane-
aus surface of the body in a horrible, purulent, crusted,
granulomatous involvement to which death might be pre-
ferred. With such devastating examples appearing all
too frequently, 1t has become almost the universal custom
te ignore entirely the possibility of the occurrence of
spontaneous recovery, and to attribute all of the improve-
ment which any pauent has obtained while under any
form of medieal supervision to the treatment methods
being employed. The result was that some therapeutic
items gained sufficient reputation to cause them subse-
quently to be employed in most cases, even though their
most enthusiastic advocates could not avoid admitting
that the response was all too often nol in the least satis-
factory. Blastomycosis thus became established as a dis-
order highly capricious 1n 1ts Teactjons to treatment.
However, there is now sufficient evidence to believe
that spontaneous recovery by means of the body’s own
mmmunologic processes occurs not 7arely, and possibly
frequently For example, the only four instances of proved
wtracutaneous inoculation of B, dermatitidis resulted in
131
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cf)mplele recosery in spite of incomplete surgical interven-
tion and the absence of any consistens type of therapy.
The recent discovery by Smith, Harris, Conant and Smith
that some “normal” individuals living in the vicinity of
an “epidemic” of blastomycosis were able to react posi-
tively to intracutaneous testing with blastomycin makes
it appear likely that they had been previously infected and
recovered without even enough sickness to be remem-
bered. The recent concept that chronic cutaneons blas-
tomycosis is always the residual of a disseminated process
originating in the lungs entails the acceptance of the fact
that such pulmonary involvement can become healed com-
pletely by spontancous means before causing suflicient
Hiness to be memorable, leaving only roentgen shadows as
evidence. There must also be many cases of pulmonary
Dlastomycosis which do not disseminate, and which clear
completely by spontaneous means without ever being cor-
rectly diagnosed. In the preceding chapter jt has also
been pointed cut that in the chronic cutaneous form, the
skin fights diligently even though it seldom succeeds com-
pletely in overcoming the disease.

Thus it is logical to conclude that at least same of
the “caprici ™ in the resp of bl ycosis to
various types of therapy can be explined by variations
10 the degree to which the patient fights the disease by
his own tmmunologic mechamsms. Accordingly it is of
paramount importance to be able to determine accurately
for each individual patient what the result would be if
no therapy at all were administered. Not until a basis
such as this can be established can any type of therapy be
accurately evaluated

Fortunately this 15 not a remote hope, for the infor-
mation sevealed by the use of blastomycin in the intracu-
taneous test and in the determnation of the complement
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fixation titer in the patient’s serum are of great prognostic
value. Patients exhibiting a low reactivity to the skin
test and a high titer by the complement fixation reaction
are in serious danger of death. The outlook is entirely
reversed in those persons who react well to the skin test
while the serum fails to fix complement with appropriate
antigen I all physicians who care for patients afflicted
with blastomycosis could be convinced of the value of these
tests sufficiently to employ them at intervals of every few
weeks during the course of the disease, a very few years
of such observations would probably clarify many of its
“capricious” responses to therapy. All drugs and meth-
ods, old as well as new, should be thus accurately evalu-
ated lest they be credited with a beneficial effect which
would have occurred equally well without them, and later
admimstered to other pattents because of such unjustified
faith,

Potassium Todide

Potassivm iodide was used in some of the earliest
cases, with appatent benefit i some and complete failure
in others. Nevertheless, it became customary to employ
1t in all cases, probably largely for want of something bet-
ter, but undoubtedly partly because of its dramatically
successful effect upon sporotrichosis It has usually been
administered orally to the point of the pauent’s tolerance,
up to 150 drops of the saturated aqueous solution in di-
vided doses daily over many months With the recent
advent of stilbamadine, KI has been much less frequently
employed, but it is evident that 1t cannot be thus entirely
replaced since there are alse farlures with stilbamidine
David T Smith and his collaborators have warned about
the danger of the use of potassium iodide in persons who
are hughly reactive to the skin test, since some such pa-
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tients have become subsequently much worse, apparently
because of a deleterious hyper-allergic reaction to the prod-
ucts of the fungus organisms Lilled by the jodide. They
recommend inducing a significant degree of desensitization
by administering increasing doses of blastomycin intra-
cutancously before iodide therapy is begun. This has
ahways been difficult for this author to understand, since,
according to the concept to which he adheres, it is this
very ability to react to the skin test with blastomyein
which indicares that the patient possesses a significant de-
gree of immunologic resistance, and any reduction of this
by “desensitization” might refard the patient’s progress
rather than assist him, This subject impinges so directly
upon that of “vaccinotherapy” which will be discussed next
that it will not be treated further under this heading.

Vaccinotherapy

Vaccinotherapy is advocated principally by the group
of investigators (D. T. Smith, Martin, Conant, Callaway
and Baker), centered about Duke University, who have
studied North American bl ycosis most i ively.
This author admits gratefully that much of his present
understanding of this disease was learned from the writings
and lectures of these men and it is with considerable
reluctance chat any views which conflict with their opin-
ions are set forth. Howeser, there are some discrepancies
which I have not been able to resolve in my own mind,
and which I think might possibly actually turn out not
to be “discrepancies” at all but guide posts pointing in
another dircction, possibly eventually to be found to be
the right one. I admic that much of my umvil]i.ngnw to
accept vaccinotherapy at its apparent face value in blasto-
mycosis stems from two sources: first, the deep scated
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conviction that the similar type of therapy is probably use-
less and possibly even slightly harmful when applied in
coceidioidomycosis; and second, (in reality a coroliary to
the fitst)) the realization that the more complete our
understanding has become, the more points have come
1o light in which certain of the deep fungous diseases be-
have similarly, among which are several instances which
cause coccidiol osis and bl ycosis to appear to
be parallel.
It will facilitate the followi iscussion theref

10 teview first briefly the snuauon as regards vaccino-
therapy in coccidioidomycosis. Coccidioidin, no matter
how it is prepared, is an incomplete antigen; that is it
cannot produce any demonstrable antibodies when in-
jected into normal animals or human beings which could
then later react with 1t 1n a testing procedure. This is
an advantage in one way, since it need not be withheld
for fear of causing future reactivity which could interfere
with its specific usefulness 1n prognosis: but on the other
hand 1t makes it difficult to accept the possibility that it
could act as a “vaccine,” in which capacity it would almost
certainly have to preduce antibodies which would be ef-
fectively helpful to the patient in resisting the disease.
Especially significant is the fact that it cannot induce the
Teactivity to the skin test which clinicians have observed
to parallel closely the level of immunologic resistance. In
fact the very reverse 1s the true situation, since coccidioidin
can lower the degree of skin test reactivity possessed by
a patient by the “desensutization” process, theteby being
subject to suspicion of bemng able to lower his level of

1 resistance. Cocadiowdin is § Tow in
nitrogen content (3%}, very low in amino acid structure
(0.6%) and extremely low in protein elements (9.09 my
per cc.) It has always been maintained by some workers
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(Jacobson and Stewart) without confirmation by others
that perhaps some methods of preparation might be dis-
covered which could increase this protein like fraction
sufficiently to enable the material to act as a vaccine.

In contrast to Coccidioides immitis, Blastomyces der-
matitidis apparently produces a great deal of protein-like
material, at least in its yeast-like culture phase at 37¢ C.
Martin does not state the percentages in the several frac-
tions he obtained by precipitation with ammonium sul-
fate but he described a “copious precipitate” produced by
the addition of trichloracetic acid to the filtrate of the
original materjal after sonic treatment of the cells. Of
Martin's two types of blastomycin, the one he obtained
first by washing the yeast-like cells with saline before
sonic treatment) was classed as a pure polysaccharide giv-
ing none of the wsual tests for protein.  (Not, however
shown to be nitrogen free, nor amino acid free, nor clec-
trophoretically protein free). Ths substance would seem
to be closely similar to coceidioidin and hence might be
presumed to equally lacking 1n antigenic ability of the
type needed for it to be able to act successfully as a vac-
cine. His second material contained most of the protein
structure, along with a considerable polysaccharide com-
ponent, It cannot be denied that this second material
might prove to be antigenic, and even able to produce spe-
cific antibodies helpful in assisting the body to resist blas-
tomycosis. In fact, the conjugation of polysaccharide com-
ponents with protemn components as it occurs in this
naturally obtained substance may be the “complete an-
tigen” corresponding to that which it was koped could
be produced by coupling the incompletely antigenic coc-

cidioidnt to other substances.
However, the vaccine usually recommended for blas-

tomycosis has been that obtained by sunply Killing the en-
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tire yeast phase (grown at 37° C.) of Blastomyces cultures
by heat. ‘This material must contain both of Martin's
fractions, the polysaccharide as well as the protein-poly-
saccharide components. The former might be suspected
of “desensitizing” the patient to his skin test reactivity
and thereby reducing his immunologic resistance, even
if and whle the latter substance was stimulating it Fur-
thermore, heating coccidioidin separates some of its ni-
trogen and thereby reduces its non-polysaccharide (pro-
tein-like) component; thus, treating blastomyces vaccine
by heat may also reduce the very component which mlgh[
be of use in sti: mg the devel of i

Tesistance. It 15 noteworthy in lhls regard that the ad-
vocates of vaccnotherapy recommend a “heat Killed yeast
phase vaccine.” It would secm that Martin's second frac-
von (protemn + polysacchande) wonld be better. Of
course there 1s always the possibility that the cell walls
of the blastomycetes are actually the immunity producing
factor, and that no soluble extract can duplicate the results
which follow the actual presence of the infection.

Even if all of the foregoing optimistic possibilities
are actually true, however, 1t seems likely to me that “vac-
cinotherapy” is destined to failure on theoretical grounds
except under circumstances peculiar to one type of case.
As was extensively di d under coccid yeosis (see
page 67), 1t 1s difficult for me to accept the belief that
small amounts of Xilled organisms grown in culture can
engender an effecuve immunologic change in an indi-
vidual obviously unable to respond in a similar manner
to myriads of liwe organisms engaged in acuvely produc-
ing the disease withm his body It 1s an acceptable thesis
that such matenal could confer upon a normel person an
effective degree of immunity 1f 1njected before infection
took place, but I think 1t highly unlikely that this mech-
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anism can work after an extensive infection has already
been established.

There is, however, the one circumstance previously
mentioned which may still make success possible. If we
postulate that in the chronic cutaneous form of blasto-
mycosis {known to contain but a paucity of the organisms,
and these all very well shielded from the rest of the body
by an intense granulomatous and cellular infiltratc) the
oragnisms and their products arc not brought into suffi-
ciently close contact with those organs or cells in the pa.
tient’s body whose duty it is to produce the specific anti-
bodies which confer i ity, then it is possible that in-
jections of killed organisms where they can approach
these organs or cells might function in an effective man-
ner. It must be recalled, however, that patients possessing
only this chronic cutaneous type of blastomycosis usually
already possess a high degree of skin test reactivity as well,
indicating according to our present view a high degree of
immunologic resistance. Just what addittonal elements
of resistance might be stimulated by vaccine under these
circumstances must be speculatite ac presene. It must also
be wondered whether, if certain factors can succeed in
1solaung the causative organisms in such a manner as o
prevent therr sumulatng the host's resistance mechanisms,
these same factors might not also hinder the reverse of
this process, and cffectively prevent any anubodies as
mught be produced in response to the injection of an arti-
ficial vaccine from being brought into destructive contact
with the fungi.

It would also be valuable to know whether or not
the Nilled “yeast phase” vaccine is capable of acting as an
antigen 10 a demanstrable way 1 rormal human beings;
that is, by inducing the ability of the body to react subse-
quently to one of the tests with blastomycn Particularly
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proved and even cured by thorough curettage followed by
desiccation, a procedure whicl is accomplished with sur-
prising case since all involved tissue separates without
much resistance along a well defined cleavage plane, leav-
ing an almost completely uninfected, healthy base.  Subse-
quent use of Lugol's compound solution of jodine, diluted
with an equal part of water, as a daily dressing appears to
assist in preventing recurrences; and any such which de-
velop ean be easily curetted again while still small. The
recent concept that this form of blastomycosis represents
the end stage of a process of dissemination in which all
body tissues other than the shin have long ago healed and
thereafter possess an adequate degree of resistance of a
type which probably persists, removes to a large extent
the reluctance to attack such lesions surgically because of
fear of disseminating the organisms. Also, since the source
from which the skin originally acquired its infection by
dissermination (usually pulmonary) has become completely
cleared in many of the cases of more than a ycar or two
in duration, it 15 unhkely that the shin can subsequently
acquire @ new infection {rom within after 1 bas once
completely healed
Nradiation

Neradiauon has been employed in many cases of
chronic cutaneous blastomycosts during past years and has
frequently been fallowed by a dramatic degree of umprove-
ment 1 the lesions  Seldom has complete cure by this
means alone been claimed, however, a fact which seems to
be of estreme imporance it understanding it action.
When one recalls that the great mass of the diseased tis-
sue in this type of infecuon is composed of cells con-
tsibuted by the host, principally leucocytes and hyper-
plastic epidermal cells, with only an extremely rare blas
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tomycete, it is logical to conclude that x-radiation could
hardly fail to cause considerable shrinkage by its deleteri-
ous direct action on such radiosensitive kost cells. It ap-
pears even possible that this procedure might even be detri-
mental in the fong run by removing some portion of the
host’s cellular barriers to the spread of the discase.

Derivatives of Stilbene

Stilbamidine, hydroxystilbamidine and certain other
derivatives of stilbene have been extensively employed
since the original observation by Elson that they could
exert a specific chemotherapeutic action. A large number
of similar compounds, most of which contain the double
bonded carbon grouping of cthylene (syrene, nitrostyrene,
cinnamic acid, etc.) are being investigated by Curtis and
his co-workers, and some appear to be promising. Stil-
bamidine is as yet the most widely used of these drugs, and
is administered in a dosage of 150 mg daily for 2 weeks,
given slowly intravenously 1n 500 cc. of normal saline.
This course is repeated after an interval of 2 weeks.
Neurotoxicity has been troublesome, especially with re-
gard to the trigeminal nerve and hepato-toxicity has been
encountered in serious degrees Hydroxy-stilbamidine is
reported to be less toxic. The clinical tesponse s much
better in the chronic cutaneous form than in the pul-
monary or disseminated types This might indicate that
the efficiency of these drugs 1s not due simply to antifungal
action, but to some enhancement of immunologic proc-
esses, which are probably already well developed in the
cutaneous type. It is also true that some of these investi-
gations lack the control element which the persistent em-
ployment of the skin test and complement fixation reac-
tions could furnish by determining the prognosis of each

—
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case if such drugs were not used. The status of this type
of therapy is in a state of flux at this writing and the most
recent publications should be studied before any such
treatment is begun.

Nonspecific Measures

Nonspecific measures should still be considered highly
important because there are so many poorly understood
facets of the pathogenesis of blastomycosis. Even though
there is considerable doubt as to how effective they may
be, they will not interfere with whatever more “active”
procedures may be additionally selected. Thus, it is ad-
visable to employ all those measures which may be cal-
culated to enhance the natural resistance of the patient as
well as those which are presumably able to assist in the
development of specific immunologic resistance. Pro-
longed rest it bed, a high caloric and high protein diet,
supplemental vitamins, especially some fractions of B and
C, crude liver extract and transfusions of whole blood are
all advisable. Steroid therapy is almost certainly con-
traindicated, because of probable interference with al-
lergic-immunologic processes. Antibiotics should be with-
held unless indicated specifically by the concomitance of
susceptible bacteria in sigmficant degree, since they may
stimulate fungi, and can conceivably furnish fungal prod-
ucts which could lower resistance by “desensitization.”
For further discussion of the reasons for these “non spe-
cific” recommendations the reader should refer to the
chapter on coccidioidomycosis on page 76.



Chapter 15

HIST LASA HISTOR Y AND THE
INICAL YN OME
O or 1y, Most oum:mdmg AMmpleg e face that
pid Progress an sty p, 2 fact |, ade in
Medj, ! kn, dge 15 Terealed p, the tremen, s advap, e-
M Which the Jagr 10y has brought n oy under.
Stap, & of g Oplasm, e bcginmng f this pe~
Tiod o 15ease yyuag sult ¢, Sidereq 4, b 1Y rare
{on), 71 cas, i hly al, nated, gra Omatoyy
m[ccuon AqQuireg Obscyre anner, Do jg 5 Tecog.
Mizeq hat Within ¢ end, 8eog phic areas €nor.
ous Numpe, of per, on; infec, d, by the inkal,
ton of 4 ISt Congain, g s of H:’.rlo/zl ™4 cqp, #atiyy,
0d th, alt, ugh ¢, dl come ; ‘ol 0 a de.
8ree SCrioys i, life ndiy; als gy scquently
Or the Temang,, therr ), bea idence e sore
ANother VIng hag the dise, Thraugh his cop.
» One g he m st puzzlmo featyreg of ntgenog~
pliy has app. Tently 5, lase plamed, n. Y, th,
higpy nciden, of Tsons exp, ting slladow: i TPreteq
ndxcarmg ulm, Ty calerge, o0 wh,, d not p,
Atribypeg bercyl, 15
Ies ¢ eq Pressive, howy, Poing g,
thar SPectacypy, Progress In Plasmogis al.
Mmage Y coulq ave o, i Cvera
clues derryeq from

phcnqmena discovered prcwously by
43



144 Clinical and Immunologic Aspects of Fungaus Discases

students of coccidioidomycosis, To pursue this already
well blazed trail was 2 comparatively simple procedure,
which avoided the usual course to be anticipated in study-
ing an obscure disease, which involves the elimination
of many blind alleys. Those persons studying histoplas-
mosis have become increasingly well aware of this fact
as they have progressed, for they have encountered almost
nothing except evidence tending to confirm the concept
that the two diseases are very similar  In fact, it was
Charles E. Smith (undoubtedly the greatest single con-
tributor to our knowledge of coccidioidomycosis) who first
suggested that histoplesmosis might be found to be the
cause of much nontuberculous pulmonary calcification in
the Middle Western United States.

By applying these concepts, histoplasmosis has been al-
ready found to resemble coccidioidomycosis in the follow-
ing facets: (a) the reservoir of the fungus in natore; (b)
the manner in which it 15 acquired by human beings: (c)
the existence of the discase in two forms, one widespread
and mild, the other yare and dangerous to hfe; (d) the
usefulness of the skin test in ascertaiming which individ-
uals have or have had the disease. and () the usefuiness
of the skin test in determuning the distribution of the
disease over the globe and in outhmng certain endemic
arcas. The present author believes that further detailed
study will reveal stsll more similanties, some of which are
already suggested by presently recognized trends, but not
as yet proved, such as the value in prognosis of skin-tests
and complement fixation examinations, and the nature of
the primary skin complex.

Histoplasmoss was discovered in Panama in 1906 !.))'
Darling while searching for Leishman-Donovan bodicf in
necropsy material from a person whose Iungs, spleen, liver
and lymphnodes grossly revealed pseudo-tubercles and
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berculous pulmonary calcifications in California had been
successfully attributed to coccidioidomycosis in some per-
sons in spite of the fact that the disease had been other-
wise inapparent to them throughout its course. Accord-
ingly a number of persons who had resided in the middle
western portion of the United States and who revealed
pulmonary calcifications were tested with coccidioiding
many were found to react positively, but only if strong
concentrations of the antigen were employed. Still, the
percentage which did so react was found by Nelson and
Furcolow to be significantly higher among those persons
who revealed pulmonary calcifications than among those
who did nat, yet none of these could be shown to have had
coccidioidomycosis. Charles E. Smith then suggested that
this might be best explained on the basis of cross reactivity
because of a common antigen of lessened potentiality pos-
sessed by TwWoO DIFFERENT FUNGI, the second of which was
actually the cause of the disease in question. On the
basis of a significant degree of localization of cases of fatal
histoplasmosis into certain geographic areas in which the
percentage of pulmonary calcification was also high, Smith
suggested that m this mstance the pathogenic organism
might be Histoplasma capsulatum.

Extensive studies then began to be carried out in
large segments of the population using an extract of cul-
tures of H. capsulatum as a skin testing material, and the
true status of this discase began to be appreciated. After
a great deal of study by Christic and Peterson, Palmer,
Prior and Allen, and others, the evidence indicated that
not only was it quite plausible to attribute the pulmonary
calafication phenomenon which was then under inves-
tigation to hstopl but in addition it was revealed
that within certain geographic areas a very large per-
centage of indwviduals who had no such lesions, and in
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suggested that in this instance the pathogenic organism
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large segments of the population using an extract of cul-
tures of H. capsulatum as a skin testing material, and the
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fact gave no history even remotely suggestive of histo-
plasmosis, nevertheless reacted sirongly 1o this test. It
then began to be intensively suspected that histoplasmosis
exists in a benign form which is acquired by huge num-
bers of persons without their ever exhibiting any symp-
toms or signs This is, of course, the exact counterpart
of coccidioidomycosis as we now d it It is
probably still too early to state that this concept has been
conclusively proved in histoplasmosis but eacl: recent year
has brought additional confirmatory evidence, until at
present eventual proof seems assured. Those students
who have been previously conditioned by experience with
coccidioidomycosis are usually more easily convinced of
the truth of the thesis. The difficulty of course lies in
establishing conclustvely that the disease is actually his-
toplasmons 1 paticnts wha remain enurely asymptomatic
or are never more than sightly ill. In muld cases such as
these, cultural methods are difficult because organisms
are not present i large numbers, and puimonary tissues
seldom become available for biopsy or autopsy study.
There is, however considerable evidence to support
this view, It will be recalled that it has become established
that a converston of the skin test vesponse to coccididin
from negative to positive during the early stages of a
sespiratory mnfection can be accepted as indicating that
the disease is coccidiordomycosis. In the same manner
the histoplasmin test has frequently been observed to
convert, for pl 2l such conversions were
noted by Furcolew, Guntheroth and Willis, only seven
of which patients exhibited any is or g
graphic signs  Simularly Nilzen and Paldrok found that
sevent persons who became il after handling cultures of
H, capsulatum developed positve skin test reactivity to
hustoplasmin  Christie has demonsirated this fungus in
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cervical lymph glands from children who subsequently
recovered, and in the lungs of children dying from other
causes, in whom the histoplasmosis itself had been in-
apparent.  Straub and Schwarz found evidence of past
histoplasmosis in the Jungs of 67 of persons dying from
other discases within an “endemic” area.

Furcolow and Grayston have studied a number of in-
stances in which groups of persons have been exposed to
dust under certain similar circumstances. A high per-
centage of these persons have become infected with what
is almost certainly histoplasmosis. These “epidemics”
have been very instructive, since the fungus itself has fre-
quently been recovered in artificial culture from the source
of the dust, often apparently significantly associated with
the presence of chicken or pigeon manure.

There is also much confirmatory evidence derived
from the study of proved histoplasmosis naturally occur-
ring in ammals, the incidence of which follows the same
general geographic distnibution as that of cutaneous re-
activity to histoplasmin in human beings. Involvement
has been reported 1n dogs, cats, rats, mice, cattle, ferrets,
horses, beats, raccoous, opossums, foxes and skunks; and
many of these teports record animals which revealed sig-
nificant cutaneous reactivity ta histoplasmin.

‘This entire historical sequence fias been recendly
most admirably presented in concise form and with ex-
ceptional conservatism by Silverman, Schwarz, Lahey and
Carson.

Clinical Syndromes

Although the existence of the following syndromes as
separate clinical entiues cannot by any means as yet be
regarded as established. there is cnough indication from
the recent trend to warrant discussing histoplasmosis un-
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der the same classification headings as those used here
for coccrdioidomycosis, sporotrichosis and blastomycosis,
if for no other reason than to bring all of these diseases
into direct comparison.

Primary Cutaneous Histoplasmosis

In the light of the recent reports indicating the like-
lihood that when coccidioidomycosts and blastomycosis
are acquired by a primary moculation into the skin the
resulting syndrome consists of a chancriform primary le-
sions accompanied with regional lymphantitis and lymph-
adenopathy closely resembling the ordinary type of sporo-
trichosis, Curtis and Harrell behieve they have observed
the analagous picture in histopl. is. Their patient ex-
hibited an ulcerauve lesion on the pents, accompanied
by regional lymphadenopathy; the disease was conclusively
proved to be histoplasmosis. He became well spontane-
ously, and subsequently sustained no recurrence. These
authors are convinced that m this case the infection was
acquired by primary cutaneous inoculation. There have
been no other similar cases reported, but this need not be
an argument aganst acceptance of this concept, since
such an event may be expected to occur but rarely, because
Histoplasma capsulatum 1 ats cultural phase mn nature
tesembles Coccidioides tmmitis more closely than it does
Sporotrichum schencku, and hence probably will not fre-
quently become inoculated mntracutaneously (see also the
discusston on page 91).

‘There are, of course, numerous instances in which
the first evidence of the exstence of histoplasmosis has
been a lesion or lesions in the mucosa or the shin, but
there 15 no conclusive proof that these sites were actually
the portals of entry; frequently the lesions have been
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identical in their morphology and subsequent course with
those observed in other individuals in whom they were
known to have occurred by hematogenous dissemination
of the organisms (see also under coccidioidomycosis, page
15, and blastomycosis, page 109). Histoplasmosis has,
however, been produced by direct inoculation of the or-
ganisms into the mucous membranes or the skin of ani-
mals, and a similar route of infection in human beings
must be considered possible. If and when the question
of intracutaneous inoculation arises in the future, students
of histoplasmosis would do well to attempt to apply the
criteria outlined for primary ¢ ous coccidioidomycosis
outlined on page 13. There is insufficient evidence at
this time to allow this phase to be discussed further here.

Primary Pulmonary Histoplasmosis

As has been said, there is as yet no incontrovertible
evidence which will allow us to separate a group of cases
of histoplasmosis observed to be limited to the lungs and
establish them as a clinical entity separate from other man-
ifestations of the disease, but it seems virtually certain that
such a division will be found to be valid. This group
would nclude all those cases which remain entirely sub-
clinical and asymptomatic throughout the entire course
of the disease and clear quickly, leaving as sequelac only
the ability to teact positnvely to the skin test and in a
percentage of mstances to exhibit pulmonary or splenic
calcification shadows by x-ray examination  Also t should
probably include the carly phase of most of those cascs
of histoplasmosis in which the discase was shown 10 be
present first mn the lungs, even though it later spread by
hematogenous dissemination to involve other organs  Bun-
nell and Furcolow observed a proved case m which the
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The incubation period as established by study of the
epidemics is said to be from 5 to 15 days.

Di . d Histopl 2

The utilization here of the term “disseminated” for
the type of histoplasmosis known for so many years in
which the disease involves many parts of the body, is sub-
ject to some criticism, since it implies that there is con-
clusive proof of the existence of a preceding “primary”
form of the infection. Since the trend of our advancing
knowledge is ever more strongly in this direction, however,
it seems virtually certain that this concept will soon be-
come firmly established as fact; it is therefore considered
appropriate to place histoplasmosis in apposition to those
deep mycoses which have been previously discussed in
this volume, by naming and discussing the clinical syn-
dromes in a similar manner.

In conformity with this thesis, it is postulated that a
certain very small percentage of the vast number of per-
sons who acquire the primary pulmonary form of histo-
plasmosis fail to resist it in the usual eflicient manner, sus-
tain more extensive involvement of the tungs and finally
the fungous cells are permitted to enter the blood stream
and be carried throughout the body to lodge n the capil-
lary beds  Lesions which have proved 1o be histoplasmosis
have been reported m all organs of the body except the
cortex of bone and cartilage, but not all tissues are equally
susceptible, and there can be considerable variation in
the resulting disease picture.

There is reason to believe that even following dis-
semunation some individuals can still resist the disease
sufficiently to heep it entirely asymptomatic while they
achicve a natural cure, since areas of calcification simi-
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lar to those so well known in the lungs, are sometimes
found by roentgenography in other organs also, especially
the spleen, in otherwise “normal” individuals residing in
socalled “endemic areas” (Straub and Schwarz), Also,
as has already been mentioned, a high percentage of per-
sons dying from entirely unrelated causes and without any
symptoms suggesting histoplasmosis, have nevertheless
been shown at autopsy to have harbored the infection
(Christie and Straub and Schwarz (1950). However, the
majority of patients with proved disseminated histoplas-
mosis have become seriously ill, and a fatal termination
has usually ensued, although sometimes only after several
years.

H. ! shows a p ed predilection for
invasion o[ all types of cells belonging to or derived from
the reticuloendothelial system; sometimes this appears to
be due to a preceding disease of this system, at least it has
been established that histoplasmosis and such reticulo-
endothelioses as leukemia, Hodgkin’s disease, lymphosar-
coma and sarcoidosis are found to be coexistent much
more frequently than is statistically justifiable on the
basis of coincidence.

Radaelli and Ciferr1 have shown that elements of the
fungus which are introduced into ammals are phagocy-
tized at once by monocytes and macrophages, in which they
do not die but multiply and are subsequently borne hema-
togenously or by way of the lymphatics to organs rich in
reticuloendothelial elements such as the lymph nodes,
spleen, liver and bone marrow This pronounced pre-
dilection for a certain type of cell largely determines the
clinical picture which follows in the typical case, although
it often spreads beyond any such confines, and can result
in 2 wide variety of signs and symptoms.




154 Clinical and Immunologic dspects of Fungous Diseases

The disease progresses at variable rates. The usual
syndrome is that of a subacute to chronic wasting, irregu-
larly febrile disease, accompanied usually by anemia, leu-
copenia, generalized lymphadenopathy and enlargement
of the spleen and liver. The symptoms commanly en-
countered are nausea, vomiting, anorexia, diarrhea and
gastrointestinal pain. Pleurisy, pulmonary infiltration and
tracheobronchitis occur frequently; and endocarditis, in-
volvement of the adrenals, or central nervous system are
reported occasionally. Lesions of the mucous membranes
are common, especially of the mouth, tongue and genitalia,
usually in the form of torpid ulcers or granulomatous
masses accompanied by induration. Similar lesions may
occur in the skin, where purpuric or even bullous erup-
tions are occasionally encountered.

Although disseminated histoplasmosis occurs at all
ages, there is a pronounced increase of incidence in the
very young and very old. In infancy and childhood it
is insidious in its onset, and seldom furnishies any mucotis
membrane or cutaneous lesions as clues to the granulo-
matous nature of the process and as sources of biopsy ma-
terial. Histopl is lacks the prepond association
with male manual laborers to the extent evidenced in some
of the other deep mycoses, but those persons whose work
exposes themn to soil or avian excreta appear more likely
to become infected. In childhood both sexes arc about

equally affected.

Pathology

Primary pulmonary histoplasmosis has not as yet been
adequately studied from the pathological viewpoint duc.to
the mild nature of the disorder and the consequent rarity
of post-mortem material. This phase of the subject can-
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preparation of biopsy material, by directly esamining
microscopically smears of circulating blood (especially the
bufty coat), or bone marrow, by culturing the organisms
from any of these sources as well as from sputum, and by
intraperitoneal inoculation into mice.
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suspicions since there is absolutely no evidence to con-
firm or deny them.

It has been frequently pointed out that histoplasmosis
is associated with other granulomatous disorders, espe-
cially tuberculosis, more often than coincidence would in-
dicate, as is also the case with other deep mycoses. This
observation is subject to several possible interpretations,
among which our present knowledge does not permit us
to discriminate; the presence of tuberculosis may cause a
superimposed histoplasmosis infection to be resisted poorly
and thus disseminate; or the two diseases may be reversed
in sequence; or the two diseases may simply act syner-
gistically; or the same inherent defect in the particular pa-
tient’s immunity mechanisms may similarly and simul-
taneously allow both diseases to develop into serious forms.
These same theories are, of course, equally applicable to
all other instances 1 which two disorders are found in
conjunction.

However, hustoplamsosts furnishes some additional
valuable clues to the solution of (his problem. Fx'rs(.
there have been several “epid of hi
caused by the inhalation of large quammes of dust heavily
contamnated with H. capsulatum, so that the resulting
inoculation must have been tremendously more massiie
than that mnhaled by the average individual who acquires
the infection; yet the percentage of cases n which dis-
semination occurred seems not to be significantly higher
in tius group  Tlus appears to negate the importance of
the massiveness of the onginal moculum, Second, there
have been altogether too many instances 1 which dis-
seminated histoplasmosis has been found in association
with some form of discase of the reticuloendothelial and
hemopoictic systems to be accepted as coincidental. Ieis
also probably significant that there has been no strict
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clearly decisive and rewarding. The implications of its
value toward the development of our understanding of
the immunology of infectious diseases in general are tre-
mendous.

Of all infectious diseases, histoplasmosis is at present
the most enticing for study, possessing as it does this
phenomenon of statistical relationship with diseases of
the reticuloendothelial system, so fortuitously combined
with epidemiologic, clinical and immunologic manifesta-
tions o closely similar to those of coccidioidomycosis from
which we have already derived so many valuable clues. No
other disease is so well endowed with such a complete con-
stellation of such potentially important and clearly visible
phenomena.

It is very important to determine accurately wherein
histoplasmosis duplicates the acuvities of coccidisidomy-
cosis, and wherein it dilfers, thus potentiating or diminish-
ing the degree of faith which we can accord to the pres
ently held theories. 1 believe it is fair at the outset to state
that there is as yet no irrefutable evidence at any point
that there are differences of major importance. At the
same time, it must be admitted that there are many dis-
crepancies which must be explained, as well as gaps in our
knowledge which will have to be filled before it can be
accepted conclusively that the trends are identical. 1{!
the preceding chapter reference has been made to simi-
larities in regard to the Teservoir of these two fungi in
nature, the manner in which the two diseases are ac-
quired by man, the existence of each disease in two forms,
one widespread and mild followed by recovery and subse
quent immunity, the other rare and dangerous to life, the
usefulniess of a skin test in ascertaining which individuals
have or have had the disease, and in determining the dis-
tribution of the discase over the globe and in outlining
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How sure can we be that the ability to react to the
histoplasmin skin test is acquired only through a specific
process in response to an infection with H. capsulatum?
There are studies (notably that of Furcolow, Willis, Wood
and Mantz) which indicate that for each geographic area
there is a consistent rate of “conversion™ of the ability
to react to the test from negative to positive for each year
of residence in the area, averaging about 3% annually
for the first five years of life, and about 8% annually
thereafter totalling some 709 at about age 20. The slawer
rate in infancy is probably correlatable with the higher
incidence of fatal histoplasmosis in this age group, and
supports the view that a positive reaction is associated
with immunity. That this “conversion” is a specific proc-
ess and almost certainly due to histoplasmosis can be in-
ferred from the fact that 59% of a group of such persons
also showed positive serologic reactions to histoplasmin,
and that 19% revealed typical active foci and 1355 heal:
ing foci by roentgenographic pulmonary studies. However
doubtful the above conclusions are at present, we are
privileged to say that a posittve skin reacuvity &5 com-
monly found in many persons who are entirely well esen
though probably previously infected and to imply that
there may be a cause and effect relationship.

On the other hand, we know that many individuals
who have serious disseminated histoplasmosis do not react
to the histoplasmin skin test. Whether they could have
done so at some earlier stage of the disease only to lose
this ability later is presently not clear. Thus, we have
two ends of a potential “measuring stick” which rcuj'mbzt!
the one proposed for the clinician’s use in cocci
mycosis; the intermediate markings arc not as yet well es-
tablished, but must wait additional experience. There are
many indications however that the titer declines as re
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this material is usually called “Howell's H 15" The ma-
terial used has usnally been obtained in a manner closely
ditplicating that for coccidioidin, that is, by growing H.
capsulatum at room temperature for several months in the
same synthetic medium as that used for Coccidioides (sec
page 43). Varjous workers have used dilutions of either
1-1000 or 1-100.

The specificity of the histoplasmin shin test as used
thus far is reputed to be not as high as that of coccidioidin,
there bemg evidence of cross reactivity with patients pos-
sessing other disorders, notably blastomycosis and coc-
cidioidomycosis; but most observers have concluded that
the reaction will take place with a significantly higher di-
lution of the truly specific material, so that these false
reactions can usually be easily ruled out of consideration.
Some of these nonspecific or false positive reactions might
also be ehminated by further purification of histoplasmin,
as has been suggested for the skin testing antigens for the
other mycoses heretofore discussed. Heating docs not in-
jure the skin testing efficiency of coccidioidin while it
eliminates some proteinlike constituents which might be
somewhat responsible for lowermng the specificity by caus-
g non spectfic protemn reactions. Cross and Howell have
isolated an immunologically active polysaccharide from
histoplasmun wlich was found to be “protein free,” al-
though still containing 0.46 mg. of nitrogen per ml. {scc
also page 43 for comparison with coccidioidin). 'T:h“
substance might well afford a higher degree of specificity.

It is thus evident that there is still no unanimity of
thought as to histoplasmun testing, cither w‘ith r{gnr.d 1o
the 1deal 1ype of testing material, uts appropriate d.nh‘xuom-
or the interpretation of the results  In the apxr{:on. of
this author, however, there 1s stifl sufficient indication
to warrant the expectation that when these differences are
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all resolved there will be found to be a statistical rela-
tionship between the ability to react positively to the test
and the possession of effectual degrees of smmunologic re-
sistance as seems so well established in coccidioidomycosis.
At least, it can do no harm to use this postulate as one
of our prognostic tools, as has become customary with coc-
cidioidomycosis, and futwie developments will test 1ts
veracity.

The Complement Tixation Test in Histoplasmosis

Although there has been a great deal of effort ex-
pended in the development of serological testing pro-
cedures in histoplasmosis, our knowledge is still not suffi-
cient to enable us to obtain constant and unequivocal
results subject to valuable mterpretation and sigrificant
usefulness, There have been all too few cases of the

ive dissemil form of histop! is which have
been adequately studied at sufficiently close intervals to
permit definite conclusions There is also still a great
deal of conflict in opinions as to the proper antigenic ma-
terial, and the technique of the test iself. As to the an-
tigen, recommendations have included heat killed yeast-
phase cells, formalin killed yeast-phase cells (Salvin), an
extract from the broth filtrate of mycelial phase cultures
(Salvin; Furcolow, Bunnell and Tennenberg; Schubert,
Ajello, Stanford and Grant; and Tennenberg and Howell),
and an extract from ground yeast cells (Campbell, Hodges
and Hill).»

*Schubert, Ajello, Stanford and Grant have shown that the yield
of complement fiung antigen and its concentration is ighly vanable
according to which of several “strains” of the fungus 1s used It should
be recalled thar simdlarly considerable vatiation 1 yield was encountered
by Smith 1 the preparation of complement fixing antigents from Coe-

(Continued at bottom of next page)
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However, in spite of such confusion, most obseriers
believe that a positive complement fixation reaction in
high titer is associated with serious, disseminated histo-
plasmosis, and is absent or in low titer only in the mild
form of the disease, in exactly the same fashion as in coc-
cidioidomycosis There are studies such as that of Salvin,
Furcolow and Nishio (1954) which indicate that comple-
ment fixing reactivity can persist for several years after
apparent recovery but always in a very low titer if the pa-
tient is clinically apparently entirely well.

Experience in the coccidioidin complement fixation
reaction indicates that the complement fixing ability of
any antigen probably resides in a nitrogenous portion of
the molecule, probably protein-like in nature, and that
the best antigen should therefore be one in which every
effort has been made to avord injuring such delicate pro-
tein-like components in the process of preparation, such as
by heating, drying, and chemical Lilling of the organisms,
as so often utilized by most present methods. The yeast-
like plase of the fungus in culture would seem to offer
the closer approximation of its parasitic activities, and
probably a greater degree of specificity (Pates, 1918, and
others) Preliminary studies should be made with suspen-
sions of unkelled cells uninjured in any manner, and then
with similar material disrupted only by sonic vibrations
(see Martin's work with blastomycin on page 129). Later,
after such “standardization,” comparisons can be m:.adc
with preserved antigens, perhaps utilizing quick freezing
and lyophilization techniques.

adioides even when the some strain was used, jmplanted at the smme
ume, on the same mednmm 2nd cultured and extracted in exactly t'h'e nme
manner  These peculiar obser offer Pp es for
further imestigations
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were encountered, but the response was found to be sig-
nificantly greater to the homalogous reaction. Thus, $al-
vin and Furcolow concluded that it is likely that histo-
plasmosis closely mimics coccidioidomycosis in yet an-
other of the important manifestations.

Other Serologic Reactions in Histopl i

Saslaw and Campbell, (1948 and 1949) have inves-
tigated a method of demonstrating specific antibodies
against Histoplasma capsulatum in rabbit sera by using a
collodion sensitization technique. Norden in 1949 used
sheep erythrocytes sensitized with histoplasmin in his re-
searches, and was able to demonstrate an apparently spe-
cific reaction. The interpretation of these phenomena
and their possible correlation with the clinical course of
histoplasmosis in human infection is at present not clear.

Therapy

. "

‘The acute primary pul ry form of histop
requires no therapy when subclinical or mild, and non-
specific supportive measures selected on clinical grounds
suffice for the remainder. Bedrest, adequate nutrition, sup-
plemental vitamins may enhance fesistance and developing
immunity. Antibiotics should be withheld unless spe-
cifically indicated for bacterial infection. Steroids almost
certainly interfere with immune mechanisms.

In disseminated histoplasmosis ethyl vanillate has
been reported as beneficial. Favorable results have been
attributed to sulfc d: Rapid ad may oc-
cur soon, indicating a review of the most recent literature
before therapy is begun.




Chapter 17

CRYPTOCOCCOSIS

IN THE DEEP mycotic diseases heretofore discussed it has
been amply evident that the human body is able to offer
considerable resistance to the invasion of the causative or-
ganisms. It is necessary only to recall that of the total
number of persons who acquire coccidioidomycosis, sporo-
trichosis or histoplasmosis, the death rate js probably less
than one per thousand  In blastomycosis the statistics ate
less impressive at this time (but may be improved by the
future discovery of a bemign form in significant numbers
of cases), nevertheless 1 the majority of instances resist:
ance is present n a degree suflicrent to preclude death
from the infection.

In sharp contrast, conclusive proof of the presence
of cryptococcosts i a human being indicates almost cer-
tanly that death will result from this cause, As a general
rule, once the body has allowed Cryptococcus neoformans
to produce discase, it farls completely thereafter to mo-
bilize any resisung cellufar reaction or to fight the infec:
tion by any observable immunologic mechanism,

Yet cryptococcosss 1s an extremely rare disease, a fact
suggesting a¢ firse glance chat the causative fungus must be
only occastonally encountered. However, there is ample
evidence that this is not true, in fact, Cryptococcus neo-
formans is probably present i or on the bodies of most
persons at some time or times dunng their Inves. It has

170
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The route by which the fungus enters the body is
obscure, although Freeman, after reviewing the literature
in 1931, believed it most likely that the portal of entry was
usually the lungs, Cox and Tolhurst in 1946 supported
this view, by demonstrating that the fungus could remain
viable during at least 10 months of drying, and could
hence be easily inhaled with dust. A history of a preceding
pulmonary infection can be obtained with statistically
significant frequency from patients suffering from cryp-
tococcosis.

Direct inoculation through the skin has been ac-
cepted as the portal by many authors when reporting cases,
but there have usually been features cited which make
this conclusion doubtful. Sometimes the portal has ap-
parently been the oropharynx or the gastrointestinal tract.
Cryptococcus neoformans has been cultured from the
blood of infected persons, indicating the possibility of
hematog di; ination. In laboratory animals lym-
phatic spread has been observed, but not as yet in human
disease. Semerak suggested that meningitis could occur
by direct spread of the fungus from the nasopharynx.

Clinical Characteristics

It is not possible to divide cryptococcosis into the
clinical syndromes in the manner which has been at-
tempted for the four previously discussed decp mycoses.
Although it was implied in the preceding paragraph l.h;\l
a primary cutancous form could occur, proof is lachfg.
Certamly the “chancriform syndrome” so spectacular in
the other diseases has never been described.  However, it
will be recalled that this picture occurs because the P
tient is actrvely resisting the infection by celiular and im-
munologic means, which usually is lacking in cryptococ:
cosis  Thus, even 1f direct moculation of the skin were
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trast to other deep fungous diseases. The majority of
cases exhibit bilateral involvement.

In some cases the pulmonary disease itself may in-
crease sufliciently to cause death, but more often dissem-
ination to the central nervous system or to other organs
occurs.  However, some cases of pulmonary cryptococ-
cosis have apparently proceeded to recovery, leading Stod-
dard and Cutler, Sheppe, and others to speculate that
there may be considerable tendency toward healing in
the primary pulmonary form. Since cryptococcosis s
thought to be rare, it js seldom seriously considered as a
diagnosis in lung disease unless it is accompanied by cen-
tral nervous system signs or symptoms, or those referable
to other organs, and it 15 entirely possible that it actually
occurs frequently, and heals without recognition, even
as is known to be the case with some other deep mycoses
(see cocerdioidomycosis and histoplasmosis).

Disseminated Cryptococcosis

The remarkable predilection for involving the cen-
tral nervous system is well known. As mentioned bcfolrt‘.
Semerak ltas suggested that the brain could become in-
fected by direct spread of Crypracoccus neoformans from
the nasopharynx, in which event the disease in this form
could not be appropruately labelled “disscminated.” How-
ever, this has never been conclusively demonstrated, ;m.d
in the majonity of instances a bistory of a preceding chronic
1 1y disease is ol bl

The symptoms and signs of myasion of the ct:nlrnl
nervous system are usually referable to increased intra.
cranal pressure, less often 1o a meningius (of less than
the usnal mflammatory nature). Headache usually ap-
pears carly, intermittent and frontal at first, later l.»cw"b
ing more severe, persistent and generalized  Occasionally
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the onset is sudden and violent, accompanied by pre-
jectile vomiting, suggesting subarachnoid hemorrhage.
Dizziness, vertigo and nuchal nglduy soon appear. Eye
signs often occur, includi ia, diplopia, mystag-
mus and ptosis. Periods of resllcssness, dxsuremauon. and
hallucinations alternate with episodes of depression and
loss of affect, sometimes simulating a definite psychosis,
especially if the characteristic headache has not yet ap-
peared. Epileptiform seizures occur occasionally.

OF special importance is the tendency for this disease
to be accompanied by only a mild degree of inflammation,
while one or more large spaceconsuming accumulations
of diseased tissue develop, This picture can closely simu-
late neopl and not mfrequently the d is of cryp-
tococcosis has been made by surgery directed toward the
removal of such “tumors " Since such focal lesions may
occur anywhere in the central nervous system, the signs
and symptoms will be extremely vanable, and cannot be
discussed here,

The cerebrospinal fluid frequently, although not in-
variably, furnishes evidence leading to the diagnosis.
There 15 usually increased pressure; the fluid 1s discolored
to a dirty yellow; the cell count 1s raised and predomi-
nantly lymphocytic, the protein is increased and the sugar
dimimshed. A pellicle usually forms after standing for
some hours, as with tuberculosis. The colloidal curve
may be normal or of the meningitic type The character-
1stic singly-budding cells of Cryptococcus neoformans can
often be seen by direct microscopic examination, especially
if India 1k is added to the specimen to provide the con-
trast necessary to see the capsules. The fungus is easily
recovered and identified by culture on Sabouraud’s me-
drum at room temperature, Without such laboratoty con-
firmation of 1ts fungous nature, the entire picture can sim-
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ulate mildly inflammatory cuberculous meningitis, and
this diagnosis has undoubtedly been erroncously made
on many occasions.

Although there may be short remissions, the disease
progresses slowly to death, usually within a few months.
No case has been recorded in which recovery ensued after
the diagnosis was definitely established. IHowever it it
entirely possible, and even considered likely by some au-
thors that cases of mild infection may occur and become
healed without the disease being recognized.

There s associated enlargement of the lymph nodes,
spleen and liver in about one-fifth of the cases of aypto-
coccosis, frequently simulating Hodgkin's disease or oac
of the other lymphoblastomas. This interesting and im-
portant point will be stressed later. Infection of ¢he skin
oceurs only in about 5% of cases of cryptococcosis, most
frequently as an eruption of the face consisting of trans-
lucent papules suggesting early vesicle formation, some-
times simulating basal-cel] earcinoma, except that tht_bor-
der is sloping instead of abrupt. Although sometimes
termed “acneform™ these lesions do not become truly
pustular, but mstead their apices become necrotic and
discharge a tenacious, transhucent grayish or brownishvred
material, consisting almost entirely of the cnmpsnhttd
budding fungous cells with little or no comtribution of
purulent cells from the host. Such lesions as these may
heal, and are nat of such serious prognostic importance as
centsal nervous system invohement.

Multiple, widely disseminated lesions mn bone occtr
in somewhat less than ten per cent of cases according 10
Collins, producing osteoytic rarcfactions, cs;xciall?' in
bony promunences, and suggestng coccidioidomycosis of
sarcoidosis rather than the proliferative changes of tuber-
culons or acunomycosis. Lesions have also been Teported
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in kidneys, adrenals, pancreas, testes, bone-marrow and
great blood vessels.
Pathology

Lesions of cryptococcosis are usually characterized by
a startling mildness of the i y Tesp on the
part of the host to the invading {ungi; sometimes there is
none at all, especially in brain involvement. On histo-
pathologic study this is tevealed by an almost complete
absence of cellular infiltrate in or around the masses of
fungous cells, which accordingly appear almost as though
in pure culture. A thin mantle of lymphocytes may be
seen at the periphery. These masses constitute the so
called “gelatinous tumors”, which by their enlargement
exert enough pressure on the surrounding tissues to simply
push them aside, a process earlier thought to be “histo-
Iytic” and thus responsible for a previous name for the
fungus (Torula histolytica) Large gelatinous cysts of this
type several centimeters in diameter are frequently found
in the lungs. In the central nervous system the sub-
arachnoid space 15 frequently found distended by similar
gelatinous material, and cystic masses occur in the gray
matter. The spinal meninges are often involved, but
rarely the cord itself

Some cases exhibit a fibrotic reaction around the le-
sions, mdicating that some healing can take place. In
such cases there is a heavy chronic inflammatory lympho-
cytic infiltrate, 1n some areas granulomatous and tubercu-
loid.

Immunologic Aspects

In most cases of eryptococeosis it has been strikingly
evident that the human body was making almost no effort
to resist the disease either by immunologic mechanisms
or by cellular infiltration. This fact, taken in conjunc-
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tion with the knowledge that the causative fungi are en-
countered with great frequency by many persons makes it
very difficult to account for the rarity of the infection. As
with the other deep mycoses, it must be considered pos-
sible that the size of the original inoculum is the allim-
portant feature, Certainly mice are uniformly Killed by
the usual Iaboratory procedure of intraperitoneal inocula-
tions of Cryptococcus neoformans, whereas they do not
apparently become fatally infected with any great fre-
quency by whatever quantities of the same organisms they
undoubtedly contact in their natural environment.

On the other hand, it may be that normal persons
resist the fungus so completely as to never allow a Jesion
to Tesult, Jeading us to conclude that only those individuals
who are abnormal in some important phase of immu-
nologic resistance can acquire the discase. It will be re-
called that a similar theory is held with regard to coc-
cidioidomycosis, in which it is believed that only those
persons who possess an inherent defect in their immuno-
Jogic mechanisms fail to fight the disease quickly and en-
tirely successfully, and thus subscquently allow it to pro-
ceed to the serrous, granul lisserninated form.

As with histoplasmosis, there is a highly significant
percentage of cryptococcosis patients who also show some
disease of the reticulo-endothelial system, perhaps resulting
in an immunologic defect.

It is, of course, possible that pulmonary eryptococ:
cosis occurs in large numbers of persons in a form too
muld to have been as yet recognized as such. OQur Lnou"l-
edge of this same stage in coccidioidomycosis :md' l‘nsA
toplasmosis has been derived largely from studies u(i.l_mnz
their respective skin tests in large masses of “normal” per-
sons; in cryptococcosis such skin tests have not as yet been
carried out extensively, apparently because most workers
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tion with the knowledge that the causative fungi are en.
countered with great frequency by many persons makes it
very difficult to account for the rarity of the infection. As
with the other deep mycoses, it must be considered pos-
sible that the size of the original inoculum is the allim-
portant feature. Certainly mice are uniformly Lilled by
the usual Jaboratory procedure of intraperitoneal inocula-
tions of Cryptococcus neoformans, whereas they do not
apparently become fatally infected with any great fre-
quency by whatever quantities of the same organisms they
undoubtedly contact in their natural environment.

On the other hand, it may be that normal persons
resist the fungus so completely as to never allow a lesion
to result, leading us to conclude that only those individuals
who are abnormal in some important plase of immu-
nologic resistance can acquire the discase. It will be re-
called that a similar theory is held with regard to coc-
cidioidomycosis, in which it is believed that only those
persons who possess an inherent defect in their immuno-
logic mechanisms fail to fight the disease quickly and en-
tirely successfully, and thus subsequently allow it to pro-
ceed to the serious, granulomatous, disseminated form.

As with histoplasmosis, there is a highly significant
percentage of cryptococcosis patients who also show some
disease of the reticulo-endothelial system, perhaps resulting
in an immunologic defect.

It 15, of course, possible that pulmonary cryptococ:
cosis occurs in large numbers of persons in a form too
mild to have been as yet recognized as such. Our l:nox:'1~
edge of this same stage in coccidioidomycosis :md' !IIS-
toplasmosis has been derived largely from studies uu'{um}.'
their respective skin tests in large masses of “pormat™ per-
sons; 1n cryptococcosis such skin tests have not as yet been
carried out extensively, apparently because most workers
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and sporotrichosis resides apparently in the polysaccharide
portion of the material derived from the corresponding
fungi, perhaps these “torulins” of Evans and Meh! may
prove to be ideal for intradermal testing in cryptococcosis,
However, there is some evidence derived from animal
experimentation which casts doubt on this idea. Kligman
failed to demonstrate any reactivity to intradermal test:
ing in infected rabbits or mice. This might still be ex-
plainable if these animals were fatally involved, and hence
in the anergic stage.

Several authors have reported inability to obtain any
fixation of complement using serum from patients possess:
ing cryptococcosis and antigens derived from Cryptococ-
cus neoformans. This is a notable departure from the re-
sults in fatal eases of the other deep mycoses in which this
reaction usually occurs in high titer. It has generally
been simply concluded that Gryptococcus neoformans is
pot able to stimulate such antibody production in the
host because of the comparative isolation provided by its
capsule. However, it seems at least equally plausible that
the fault may lie in the antigen which js used in the
test. Tt will be recalled that in other deep mycoses eﬂ't'o
tive complement fixing antigens apparently must contain
some nitrogen, probably in proteindike groupings, and
that this component is easily destroyed in extraction and
sterilization procedures. Since the majority of the mast
of Cryptococcus neoformans as obtained from cultures
conssts of capsular material whtich is almost entirely poly-
saccharide, it is probable that special technicques will have
to be developed to remove the excess eapsulat polysac
charide or to obtamn extracts from the centraily Ioc:.rltd
fungus cells themselves, Lefore success can be obtained.
Such extraction should be very gently accomplished to
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Alvarez and De Chondens advocated combining fever
therapy with “alkalinization.”

Until more is known, the recommendations made
for other deep mycoses should be followed, namely, a high
caloric, high protein diet, with supplemental vitamins,
especially of the B series, bedrest, and the avoidance of
steroid hormones and wide spectrum antibiotics (sec pages
75 and 76).
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The paml of i mgress is almost always somewhere in
the g inal tract, most ¢ y the mouth, but
in a significant percentage of instances xhc tonsils, larynx,
nose, intestine or anus. Occasionally the eye furnishes
the portal of entry. From any of these primary foci the
infection becomes disseminated by both the lymphatic
and hematogenous routes, and may eventually affect prac-
tically every organ of the bady.

Arulay painted out that this disease seldom remains
sufficiently limited to any one organ system to allow it 20
be classified into various types by such features. He rec
ommended separation of the cases into "tegumentary”
and “extra-tegumentary” forms. His term “tegumentary”
includes mucosal as well as cutaneous lesions.

Tegumentary Form

‘The primary lesions, usually occurring on the mucosal
susface of the gums, cheeks, lips, palate, tongue or nose,
are ulcerated and reddened areas, exhibiting tiny yellow-
ish spots, called by Pupo “mulberrylike erosive stoma-
titis.” In continuity with areas of mucosal involvement,
cutaneous lesions accur by direct spread. ‘The skin also
becomes tved secondarily by the ul ion and fista-
lization of infected lymph nodes in a manner simulating
scrofuloderma. In addition, skin lesions occur by hema-
togenous dissemination, and may be papular, pustular, tu-
berous, ulcerated or vegetative and verrucous. The cam-
monest site is the face, but the trunk and extremities are
frequently involved as well.

An vnusual form of cutancous involvement has oc-
casionally been observed, consisting of keloidal areas usu-
ally situated on the back and legs  First described by
Jorge Lobo, thus may be simply a variant of South Ameri-
can blastomycosis, or it may be a different disease cavsed
by another organism.
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dore soon confirmed his findings, and many papers sub-
sequently appeared, some of which indicated that the
disorder was being confused with coccidioidomycosis. In
1929 Almeida clarified this issue with a series of reports
of careful studies concerning mycology, pathology and
symptomatology. Bogliolo and Aroeira Neves, Lacaz and
Fava Netto, and Aleixo and Furtado have more recently
contributed much information.

South American blastomycosis is encountered prin-
cipally in the Brazilian States of $io Paulo, Rio de Janeiro
and Minas Gerais, and in Argentina. The incidence is
highest in the ages from 20 to 50, and males outnumber
females 6 to 1. Although the habitat of the causative or-
ganism in nature has not yet been established, the clinical
aspects of the disease indicate strongly that the portal of
entry is usually the oral mucosa, and the prevalence of the
infection among agricultural workers who habitually clean
the teeth with bits of vegetation, and who chew the stems
and leaves of various plants, seems to mean that the or-
ganism lives on vegetation or in the soil. Direct trans-
mission from man to man, or from animals to man has not
been proved.
Clinical Characteristics

On the basis of present knowledge it is not possible to
divide South American blastomycosis into the types uti-
lized for the previously discussed deep mycoses. Primary
inoculation into the skin may occur, but convincing cvi-
dence is difficult to obtain in most instances.* Although
the lungs are involved in a high percentage of cases,
they are only rarely accepted as the primary portal of
entry.

“The author obserred a ease of a laboratory worker who Ioculated
a finger with a viable culture of B brasilienshs. Blopsy revealed the or-
ganitms, but there was no subsequent evidence of Infectlon
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Extra-tegumentary Form

‘The lymphnodes are involved sooner or later in most
cases of South American blastomycosis, especially those
of the neck, which drain the usual site of primary inocu-
lation. Sometimes the primary lesion is not visible, and
swollen glands are the only presenting sign. Often there
is enough generalized lymphadenopathy to simulate Hodg-
kin’s disease. Involved nodes tend to ulcerate and drain
through the skin.

The lungs are affected in a high percentage of in-
stances, up to 94% in the opinion of some authors, but this
fact has only recently become evident. Pulmonary in-
fection exhibits a variable picture, but in general the
signs and symptoms tend to be milder than wonld be
expected from the degree of involvement revealed by
x-ray studies or at autopsy, which may include large and
small nodules, miliary dissemination, fibrosis, small cavi-
ties and thickened pleurae. Lesions tend to be bilatersl,
and prefer the bases of the lungs, or seem to spread from
the hilar regions while leaving them relatively frec.

The lower gastrointestinal tract seems to be the pri-
mary inoculation site at times. Appendiceal lesions occurs
and involvement of the ano-rectal area is not rare. The
spleen and liver may be enlarged.

Pathology

There is nothing specific about the macroscopic and
microscapte changes in the tissues, but they more closely
resemble those of North American blastomycosis than
those of any other entity. Histopathologically, granu-
lomatous areas, either of the tuberculoid or foreign body
types are seen, but it is necessary 1o find and identity the
causative organism before the diagnosis can be made.
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Chapter 19

ACTINOMYCOSIS (LUMPY JAW)
(INCLUDING NOCARDIOSIS
AND MADUROMYCOSIS)

A:\xoxc THE members of three genera within a large
group of primitive bacteria-like fungi known as the de-
tinomycetes, there are a few species which are pathogenic
for man and animals. Some of these cause a chronic
granulomatous and suppurative disease, which, while ex-
hibiting considerable variation in its clnical course, can
nevertheless be roughly considered as a definite syndrome.
It is characterized by intense inflammatory induration,
accompanted by the development of decp abscesses, which
eventually rupture, leaving persistent draining sinuses
Certain other fungt, not even remotely related to those
mentioned above, are capable of duplicating this clinical
picture. While not beyond criticism, this syndrome will
here be called actinomycosis, regardless of the specific
causative organism. Of all the so-called “decp mycoses”
it is the most commonly encountered.

Actinomycosis was the first deep mycosis to be de-
lineated, as a disease of cattle called “lumpy jaw," by
Bollinger in 1877.* In the same year Israel reported a
disease in man, the similarity of which with Bollinger's

It 1s nteresting to recall that Koch's discovery of ihe tubercule

baalles did not occur unnl 1882
190
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consider the contributory factors which endow such ordi-
narily innocuous organisms with pathogenic powers, be-
cause measures directed against such factors may be more
effective in prevention as well as in therapy than those
antagonistic to the microbes themselves. In actinomycosis
due to 4. bouis, the most important of these factors is
trauma, especially that which presents the fungus with
injured devitalized tissue far enough from the surface
of the body to furnish the anaerobicity which it desires.
Thus actinomycosis frequently follows the extraction of
infected teeth, fractures of the jaws, and bites inflicted by
the teeth of animals or human beings. The presence of
discase due to other causes may also serve by lowering
resistance.  Another important factor, especially whete
therapy is concerned is that 4. bovis scems to establish
a symbiotic alliance with certain endogenous bacteria, the
combination exhibiting a degree of pathogenicity not
possessed by either ally alone. As a consequence, some
of the effectiveness of sulfonamide and antibiotic therapy
in actinomycosis is probably due to antagonism against
bacterial allies rather than against the fungus itsell. It
is significant in this regard that usually it has been impos-
sible to infect animals experimentally with 4. bovis in the
absence of trauma and concomitant bacterial inrcclio.n.
These facts seem adequate to explain the universal dis-
tribution of actinomycosis, since wherever man exists he
carries with him these organisms awaiting only the proper
opportunity to cause disease. It was previously taught
that an important factor was the habit of chewing grass
or straw by agricultural workers, but the fungi have not
been found on such materials, and a more likely explana-
tion is contained in the above thesis. X
Howeser, clinical actinomycosis caused by Nocardiae
is also universally observed, and since these organisms are
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Cervico-facial Actinomycosis

As has been previously pointed aut, the portal of
entry for Actinomyces bovis is most frequently the region
about the ceeth, gums, jawbone or the tonsils. The in-
fection frequently follows the extraction of infected teeth
or fractures throngh the tooth-bearing areas of persons
maintaining poor oral hygiene. The mandible is most
often involved, usually near the angle of the jaw. The re-
gion of the maxillary sinus is also particularly susceptible,
Primary infections have been described in the lacrimal
glands, the orbic, the tongue, or in the lower pharynx or
larynx.

At first the infection does not differ from the more
common bacterial infections of low grade, but soon the
overlying skin becomes darkly purple or red and beneath
it a degree of induration develops of such firmness as to
have been called “woody” (ligneous phiegmon). There
is often much limitation of motion and muscular spasm.
Slowly, the surface becomes irregularly swollen, abscesses
develop periodically and finally Tupture or arc incised,
leaving thereafter sinus tracts which persist for mon(_hS,
discharging serosanguinous or purulent fluid in which tiny
yellowish-white friable masses of the causative fungi can
be seen, the so-called “sulfur granules.” Healing of some
arcas occurs by firm cicatrization while others nearby are
developing into new lesions. All stages of the :\b'O\C
processes are usually present simultancously in contigu:
ous areas. The disease exhubits but fittle tendency toward
complete clearing, and often continues chronically for
years, The symptoms are usually less than the extent of
the disease would indicate, and as fong as it Temains t&c"
localized the general healtht of the patient is but tinle

affected.



Clinical and Immunologic Aspecls of Fungous Diseases 197

whicl is caused by the location in the body, since from the
clinical standpoint the basic picture is the same.

Pathology

Grossly, the pathology of actinomycosis is character-
ized by a dense cellular infiltration producing in general
a surprising firmness, but becoming softened in many areas
by abscess production, leading to sinus formation which
is then gradually followed by cicatricial healing in most
instances. All of these processes can be seen in contigu-
ous areas simultaneously. The infection spreads by
burrowing along fascial planes, leaving much intercom-
munication among the residual sinus tracts. Cavities
filled with purulent and necrotic debns are common.

The typical microscopic picture is that of an abscess
in which actinomycotic granules up to 25 microns in
diameter may be seen in the appropriately cut sections.
The central portion is surrounded by polymorphonuclears
Next is a zone of granulation tissue containing histiocytes
filled with lipoids Leucocytes, plasma cells and connec-
tive tissue cells form the abscess wall. When stained with
hematoxylin and eosin the granule of 4. bovis exhibits a
central basophilic area, irregularly circular in outline,
which can sometimes be seen to be composed of closely
packed, branching tiny filaments about one micron in
diameter. This dark area gradually shades into an acido-
philic peripheral zone in which filaments are distributed
as though they were raduating from a central focus. Many
of these filaments seem to be enlarged at their tips by
being surrounded by a gelatinous sheath, forming “clubs,”
now thought to be probably contributed by the host as
a part of 2 defense process. In Nocard:a infections actual
granules may not be present, especially when N asteroides
is the causative agent, and only groups of tiny branching
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tiate it from other low grade chronic pulmonary diseases.
The early appearance of expectorated bloody pus indi-
cating the presence of small abscesses is helpful. Some-
times the process can penetrate through the chest wall
and present at the surface of the body the typical dis-
charging sinuses of actinomycosis, even ithout signs of
the pleura having been involved. The symptoms include
dyspnea, fever, night sweats, anemia and progressive wast-
ing. Physical signs are sometimes of value in dilferentiat-
ing from tuberculosis by revealing the bases rather than
the apices to be involved. X-rays usually also reveal basi-
lar involvement, more commonly bilateral, consisting of
consolidations extending outward from the hilum, simu-
lating neoplasm. Sometimes the differentiation can be
made by observing small areas of rarefaction within such
masses, caused by actinomycotic abscesses. Pleural effu-
sion is frequently seen, and adhesions are common. In-
vasion of the ribs often occurs, and conforms to the type
of bone involvement previously described.

Other Forms of Actinomycosis

Any part of the body may become involved with ac:
tinomycosis cither by direct extension or hematogenous
dissemination, and a wide variety of symptoms and signs
be thus produced. Carrion and Cope have covered this
subject more thoroughly than is appropriate here.

Infection occurs by direct inoculation through or
into the skin, most commonly of the foot or leg.  Ulcera-
tion develops, which gradually penetrates deeper nnd. even-
tually assumes the classical picture of actinomycosis, Ie
has been the custom for most authors to treat this form
separately from actinomycosis, under the headings of
“Madura foot,” “maduromycosis” or “mycetorma.” It
seems, however, that the principal difference is only that
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ﬁ!ax.nfms will be scen taking the basophilic stain, and ex-
hibiting a moderate degree of acid-fastuess.  These ele-
ments are somewhat easily confused with tubercle bacilli.

Diagnosis

Actinomycosis usually presents a sirongly suggestive
clinical picture, rather easily confirmed by biopsy and
histopathologic study or by culture. 4. bovis will be
missed entirely in cultural studies unless anacrobic media
are included, while the Nocardia species require aerobic
media. Granules furnish the best inoculum when pres-
ent, and can be more easily seen if the exudate is allowed
to flow down the side of a test tube held against the light
or to soak into a gauze pad or dressing. It is pot correct,
however, to assume that the discovery of granules identi-
fies the disease as actinomycosis, since similar granules are
occasionally produced by bacteria of several types (actino-
bacilli) or may be composed of coagulated fibrinous ma-
terial. It 1s also wrong to exclude actinomycosis because
of the absence of granules, since some organisms do not
form them (N. asteroides). It is therefore necessary to
identify the fungus, by microscopic examination at least
and by culture whenever possible.

In maduromycosis the granules may be differently
colored, most commonly black or reddish. These varia-
tions are apparently not consistently attributable to spe-
cific fungi and cannot be rehed upon for idenufication of
the organism involied.

There are at least four species of Nacardia. N. aster-
oides, N. madurae, N. brasiliensis, and N. paraguayensis
(Ochon). Some authors further divide these jnto addi-
tional species.  Some of these organistns may belong to the
genus Streptomyces, p:rlicu!arly the Jast named.
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duced” and “reduced” by absorption of other strains of
Streptomyces which are always present as soil fungi in
large numbers in the intestinal tract of all persons.

In contrast to this view, it must be emphasized that
1 some other deep fungous infections, the development of
hypersensitivity is the rule rather than the exception, and
that the greater the degree of allergic reactwvity of the
delayed tut lin type d rated by the patient’s
skin, the greater is the likelihood of complete recovery
from the disease through the development of specific 1m-
munologic resistance. With regard to actinomycosis the
work of Gonzalez-Ochoa is especially significant in this
hight. He has prepared a “purified polysaccharide” deriv-
ative from Nocardia brasiliensis which he found to be
highly specific in persons bearing infections due to this
organism, In a seties of such cases, he found hypersensi-
tivity of the delayed tuberculin type to be revealed by in-
tracutaneous testing in all patients who resisted the infec-
tion well enough to become cured eventually, while three
who succumbed were consistently non-reactive. This par-
allels experience with the prognostic significance of the
coccidioidin skin (thought also to be almost if not entirely
due to a polysaccharide) and conforms to what seems to
be a trend in histoplasmosis and the blastomycoses; in all
of which discases hypersensitivity of this type appears to
be related to the patient’s ability to resist the progress of
the infection immunologically In this light, artificial
desensitization would appear to be 1llogical and perhaps
even dangerous. At this time 1t seems warranted to ad-
vise against placing reliance in such “vaccine™ therapy, or
indeed before considering 1t as enurely safe

There are several reports concernig studies of com-
plement-fixing antibodies as well as agglutins and precipi-
tins found to be contained 1 the sera of persons infected
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stances at all comparable to those connected with its patho-
genic activities in the infected body.

It also seems probable that such testing procedures
have often been classed as useless because they did not
yield results consistent with the preconceived theories of
their observers. As has been shown, particularly with
coccidioidomycosis, such tests should be allowed to speak
for themselves and our theories adapted to conform to
their conclusions wherever possible.

The intracutancous injection of culture filtrates de-
rived from organisms in this group have yielded both local
and systemic reactions of hypersensitivity in persons pos-
sessing actinomycosis. There have been various inter-
pretations of these reactions. Mathieson and co-workers
concluded that some persons finally become hypersensi-
tive allergically to 4. bovis by repeated absorption of the
fungus or its products from its saprophytic habitat in the
normal body, and that they thereby become susceptible
to its pathogenic invasion. They advance this concept to
explain the comparative infrequency of the actual infec:
tion by organisms so often present in normal individuals.
In such a circumstance, Tepeated injections of extracts has
been recommended as producing a degree of “desensi-
tization” of value 1 increasing Tesistance to the infection,
and even inducing specific immunologic rcsx'sumc«:-. . .Yn
this regard 1t is interesting to speculate on the posub:!n.y
that some of the beneficial influence exerted by antibi-
otics npon the course of actinomycosis may be due to such
a desensitization mechanism, since most of these subsmn'ces
are derived from fungt of the genus Streptomyces, .whldl
are so closely allied with Actinomyces and f\'o.cnrdm that
they might well produce antigens of closely similar nature.
It is difficult to believe very strongly howeser that this
same type of hypersensitivity would not be similarly “pro-
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with actinomycosis, but there is not as yet enongh consist-
ency in the results to warrant the use of such procedures
for diagnostic or prognostic purposes. As has been dis
cussed in other chapters, perhaps an antigen which is not
so highly “purified” as a polysaccharide, but instead
treated gently enough to retain its protein-lite elements
in an “undenatured” manner, would yield more signifi-
cant and reliable reactions.

It is worth emphasizing again that it also is possible
that these discrepancies are largely due to the tendency
on the part of the observer to consider a reaction worth-
less unless it conforms to his own theories as to signifi-
cance. Perhaps these reactions actually should be inter-
preted as they are in coccidioidomycosis, in which disease
they appeared to be equally irregular until better inter-
pretation showed them to be consistently valuable.

Therapy

The advent of the sulfonamides and the antibiotics
has indisputably bettered the prognosis of actinomycosis
to a marked degree, but none of these alone nor any com-
bination of them should be trusted as specifically curative
withont adjunctive therapy. Initially a dramatic degree
of improvement follows such treatment, but soon a point
1s reached where further progress is extremely slow, evert
though adequate dosage is continued. Tt is true that the
discontinuance of such medication is frequently followed
by exacerbation and its readministration by a resumptiont
of improvement, which seems to indicate that it is capable
of holding the activities of the fungus in check, It scem’
more reasonable, however, that the majority, if not all of
the effect of such subsiances, should be antributed to theif
ability to combat the concomutant bactenal infection and
thus deprive the fungus of the symbiotic attiance which
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venously. Heavily filtered x-radiation or radium implan-
tation is of great value, especially in the cervicofacial
type. In maduromycosis, amputation must still be em-
ployed in many cases.

It is extremely important to remember that the factor
responsible for the ultimate complete eradication of the
disease is almost certainly the body’s natural ability to
resist and heal the infection, whether this be by the de-
velopment of specific immunity, phagocytosis, cicatrization
or some other mechanism. Prolonged rest in bed with
adequate nutrition and multiple vitamin supplements es-
pecially of the B complex series are vital,



Chapter 20

DERMATOPHYTOSIS-THE
CLINICAL SYNDROMES

IN CONTRAST to the fungi heretofore discussed, there is
a large group of organisms which limit their pathogenic
activities to the skin and its appendages, and are hence
called dermatophytes. Their nability to survive in any
of the deeper tissues of the body usually has been accepted
as well established, In fact, 1n all but a small percentage
of instances their range is even narrower, they luxuriate in
the keratinized portions of the eptdermus and the hair and
nails; they thrive less well in the rete and do not ordi-
narily penetrate deeper than the basal cell layer Thus
they might be even more appropriately termed “epiderma-
tophytes,” or “Leratophytes ™

It is probably correct to state that the majority of
human beings become infected with one or more of these
orgamisms at sorne time in therr hives, but in the vast ma-
jority of cases either in a subclinical form, or one so mild
s to constitute only a minor nuisance.  There 1s, however,
a wide range of severity beyond this point, so that occa-
sionally death may result, especially if there are concom-
iant bacterial infections or allergic phenomena.

It is interesting to note that as early as 1841 David
Gruby had conclusively proved for the first time that 2
microbe could cause human disease by studying one of
the skin mycoses of this type called “favus,” culturing the

205



206 Clinical and Inmunologic Aspects of Fungous Diseases

causative fungus from infected sites, reinoculating such
cultures and reproducing the discase again, thereby ful
filling what some 40 years later became known famously
as “Koch’s postulates™ in relationship to tuberculosis. Thus
mycology is the oldest of microbial sciences.

Because of too much attention to minutiac, and a
great deal of incomplete and inaccurate observation and
reporting, during the ensuing century several hundred
“species” of fungi were described and "named™ as patho-
gens for the human skin, This complexity prevented the
development of any satisfactory classification of diseases
based upon the causative organisms. It was easy, howeser,
to devise a useful system of classification dependent upon
the clinical variations exhibited, which were in turn de-
termined largely by the regions of the body infected, and
this system has become universally adopted. Thus, an
infection with one of these organisms is called a “d
phytosis,™ or mare commonly a “tinex” or “ringworm.”
Adding adjectives indicating the areas of the body which
are infected results in the clinical classification still used
today. In the last few decades competent mycologists have
reduced the number of “species” of pathogenic fungi to
but a few, and almost uniformly these have fallen into an
admirably close relationstip to this clinical classification

Tinea Capitis

Ringworm of the scalp exists in several different clin-
ical forms, each one of which is rather consistently, :ﬂ-
though not invariably, caused by its own specific {pc.cm
of dermatophyte. While none of these is strictly l.:m}tcd
geographically, there are tremendous pescentage vasiations
in their distribution over the glabe. .

The vast majority of cases occur in prepubestal chit-
dren cancentrated in the age groups from 8 to 11 years,
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Occasionally, similar cases will be found to be caused by
Microsporum fulvum (gypseum) which is apparently con-
tracted directly from soil where this organism groms
saprophytically.

The initial lesion is probably a scaly condition in the
scalp, but the disease is seldom noticed in this stage. An
erythematous papular area js usually first seen, with hairs
in the centers of the papules. Soon a patch is formed,
within which the hairs lose their luster, become brittle
and are broken off close to their bases. Later, the inflam-
mation causes some hairs to become loosened in their fol-
licles so that they fall out. Itching is usually present and
may be severe. There may be but a single such patch;
but, more often, extensive involvement eventually occurs.

All degrees of inflammation may accompany this
process, but in each case all Iestons tend to be in the same
stage at a particular time. At first the inflammation is
mild and may increase only gradually for a time, but in
many cases it very suddenly becomes severe. At its worst,
there 1s pronounced swelling, developing into deep, boggy
ulcerative areas exuding pus, hnown as “herion Celsi.”
There may be severe constitutional reactions at this stage.
Considerable scarring and permanent hair loss is to be
expected after such areas heal.

In both the non-inflammatory as well as the inflam-
matory types, the diagnosis must be confirmed by micro-
scopic examunation of an extracted harr root prepared with
KOH solution; a mantle of round to oval spores about 2
microns in dizmeter is seen to extend around the exterior
of the shaft, occastonally accompanied by a hyphal strand.
Ths distribution 1s called “ectothrix.”  Cultures are nece
essary, howeser, to differentiate the types accurard)':smrt
the degree of inflammation is too variable to be reliable.
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tures are necessary to establish this type of infection and
to guide the prognosis. There is no usuable degree of
fluorescence under ultraviolet radiation.

A fourth type of tinea capitis is occasionally encoun-
teved and caused by Trichophyton mentagrophytes (gyp-
seum} or Trichophyton verrucosum (faviforme). The
source is often shown to be infected animals, most fre-
quently cattle, horses, rabbits, or rats or mice. Clinically,
this infection tends to invelve only one or a very few small
areas, and to be markedly inflammatory rather ety in
its course, Kerion is common and frequently severe. The
fungi are seen microscopically to be present in the ecto-
thrix pattern, and the rounded spores to be somewhat
Jarger than in Microsporum infections.

The last type of tinea capitis is called “favus” and
is caused by Trichophyton schoenleini. This is evidently
transferred from human to human, Although there is
considerable inflammatiaon, the disease is extremely e
sistant to therapy and frequently lasts throughont the
hfetime of the patient and all too often will be trans
ferred to the children. Microscopic examination shows
an endothrix pattern with associated air bubbles within
the hair shaft. There is a distinct finorescence under ultra
violes radiation, bur more green in color and less britliant
than in Microsperum infections.

‘Tinea Barbae

Ringworm of the beard is rare except in a few geo-
graphic ateas It closely resembles the mflammatory forms
of tinea capitis and is usnally due to 7. menlngmplxyle'x.
T verrucosum, T violaceum or T. fonsurans. There is
frequently associated bacterial mfection, and treatment

is difficult.
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Tinea Corporis

Any of the previously mentioned fungi can cause in-
fection of the non-hairy skin, indeed, tinea capitis is
frequently combined with tinea corporis caused by the
same organism. Clinically, rounded scaly placques occur
(usually few in number when compared with the exan-
themata) which present an inflamed, slightly elevated
vesicular border. These areas expand peripherally and
leave the central portions clear except for scaling. Not
infrequently a new papule starts in the center and en-
larges; sometimes several such concentric circles can be
seen, as in a target. Itching is usually prominent.

Microscopic study of scales from the active border,
prepared by clearing with heat and potassium hydroxide
solutton, reveal hyphal threads of fungi, tending at times
to break by way of cross walls nto box-shaped arthro-
spores,

In addition to the above there are two rare special-
ized types of tinea corporis. One, called tinea smbricata
(tokelau) occurs prinaipally in the Pacific istands, south-
ern Asia and Africa and South America It is caused by
Trichophyton concentricum. Chnically it exhibits mild
inflammation, severe scaling and polycychic patches by
coalescence, at times resembling itchyosis. The second
Tatity is the equivalent of kerion of the scalp, a tumid,
Poggy, painful, deeply involved infecuon usually present
inone or a very few areas on the extremines  T'richophy-
ton verrucosum or T. mentagrophytes are usually causa-
e, and the organism is acquired by contact with in-
fected cattle, rabbits, rats or mice.

Tinea Cruris

Ringworm of the groins, gluteal cleft, axillae, and
submammary and umbilical areas is quite obviously



212 Clinical and Immunologic Aspects of Fungous Diseases

strongly influenced by the tendency for these regions to
sweat abnormally, It may at times be differentiated from
intertrigo or the more common bacterial infections by
asymmetry, and by raised, vesicular, actively progressing
rounded borders extending beyond the edges of the con.
tiguous areas. The commonest causative organisms are
Candida albicans, Trichophyton mentagrophytes and
LEpidermophyton floccosum. The first of these has a
tendency to form peculiar satellite areas which have a
scale at their periphery rather than in the wsual central
location. ‘The preference of the dermatophytes for hera-
tin is revealed by the relative freedom from involsement
of the scrotum, penis and labia minora, except when
Candida is the infecting organism (moniliasis), another
point of differentiation from intertrigo and bacterial
infections.
Tinea of the Tect and Hands

The interdigital areas in hyperhidrotic feet very fre-
quently become involved 1n an acute, vesicular denuding
pracess very similar to tinea cruris, which may also arisc
in or spread to the soles or dorsal arcas as well. A large
percentage of persons have at least a little of this trouble
at times m hot weather The infection can burrow be-
neath the thick heratin layer of the sole until it is com-
pletely denuded  Secondary bacterial contamination it
common  The hands may be involved in a similar proc-
ess, but much less frequently, and almost never unless the
feet are also mnolied This form, although clinically
severe, usually responds rather quickly to treatment. The
causatne fungi are usually T, mentagrophytes and Tess
frequently, Epidermophyton floccosum

A strongly contrasting type is that which is cawsed
by Trichophyton rubrum, an extremely chronic. mdly
erythematous, scaling eruption limited principally to the
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soles and palms. It is surprising (and at this time totally
unexplainable) to find frequently that one hand or foot
can remain involved for months or years without its mate
becoming infected. This form is so notoriously resistant
to therapy that it is not curable in perhaps three fourths
of the cases. When this infection 15 severe, 1t is often ac-
companied by extensive tinea corporis or cruris caused
by the same organism, in which locations it is nsually more
easily cleared,
Tinea of the Nails

Fungous infection of the nails may occur alone, but 15
frequently associated with skin involvement, usually of
the feet. ‘The commonest type begins at the tp of the
nail and gradually moves proximally, causing discolora-
tion, loss of luster and the accumulation of a dry sawdust-
like detritus between the nail and its bed, eventually fill-
ing the entire space to the base  The nail becomes frag-
mented peripherally, The causative orgamsms are usually
Trichophyton rubrum or mentagrophytes; occasionally
Eprdermophyton 1s recovered

A different chinical picture is produced by Candida
albicans (moniliasis). There 1s usually an associated par-
onychia and onycholysis, but detritus mentioned above
does not accumulate.

Miscellaneous Skin Mycoses

There are four fungus infections which always re-
mam entirely limited to the keraun of the skin or hair,
and hence never produce tflammation 1 any degree what-
cver The commonest of these 1s tinea versicolor, caused
by 2 fungus which can seldom be cultured artificially, Mal-
asseza furfur  The upper portion of the trunk and ex-
tremities are the favored areas, and multitudes of macu-
lar scaly spots, from 0.5 to 2 centumeters in diameter are
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seen, eventually coalescing into polycyclic areas. The in-
volved portions may either be lighter or darker than the
surrounding normal skin, and fluoresce under filtered
ultraviolet radiation. There are never any subjective
symptoms, and the disorder is entirely of visval sig-
nificance.

Erythrasma selects certain individuals and produces
a macular hyperpigmentation with a small degree of scal-
ing in the groins, axillae or submammary regions. There
are 110 subjective symptoms and no etythema {s produced.
‘The cause is Nocardia minutissima, which also resists cul-
ture,

Trichomycosis axillaris produces nodules or concre-
tions on the hairs of the axillae or groins, either yellow,
red or black in color. A fungus, Nocordia fenuis bas
been considered to be the eause, but a recent report con-
siders the organism to be bacterial.

Piedra produces stony concretions along the shals
of scalp hairs. It is usually auributed to two different
fungi, Piedrata horfar, a black type, and Tyichosporon
beigelii, a white form. There is some doubt about the
latter entity,

Chromamycosis 1s caused by one of several strains of
fungi, sometimes given species status, and known as CIa‘do~
sporium, Hormodendrum or Phialopfora.  Everting,
warty areas are produced, and penctration beneath d}c
basal layer occurs. This is not strictly a dermatophytosis,
but nevertheless cannot be called a “deep mycosis.” The
feet and legs are most commonly involved,

Ririnosporidiosis 1s also intermediate hetween .!hf
superficial and the deep mycous. It is caused by {?Iumr
sporidium seeben, acquired by contact of the [arc'm!h the
bottoms of rivers  Friable masses of granulation tissue are
produced within the nostrils, mouth or eycs.
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DERMATOPHYTOS1S-IMMUNOLOGIC
AND ALLERGIC MANIYESTATIONS
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seen, eventually coalescing into polycyclic areas. The in-
volved portions may either be lighter or darker than the
surrounding normal skin, and fluoresce under filtered
ultraviolet radiation. There are never any subjective
symptoms, and the disorder is entirely of visual sig-
nificance.

Erythrasma selects certain individuals and produces
a macular hyperpigmentation with a small degree of scal-
ing in the groins, axillae or submammary regions. There
are 1o subjective symptoms and no erythema s produced
The cause is Nocardia minutissima, which also resists cul-
ture,

Trichomycosis axillans produces nodules or concre-
tions on the hars of the axillae or groins, cither yellow,
red or black in color. A fungus, Nocardia tenuis has
been considered to be the cause, but a recent report con-
siders the organism to be bacterial.

Predra produces stony concretions along the shafts
of scalp hairs. It is usually ateributed to o different
fungi, Piedraa kortai, a black type, and Trichosporon
beigelii, a white form. There is some doubt about the
latter entity.

Chromomycosis is caused by onc of several strains of
fungi, sometimes given species status, and known as Chfdm
sporium, Hormodendrum ar Phialoph Everting,
warty areas are produced, and penetration beneath d.xc
basal layer occurs  This is not strictly a tlcnnm?phymsu.
but nevertheless cannot be called a “decp mycosis.” The
feet and legs are most commonly involved.

Rhrinosporidiosis 15 also intermediate between .rhc
superficial and the decp mycoss It is caused by {”'";”‘
sporidium seeben, acquired by comtact of the.hcc .\\llh the
bottoms of rivers Friable masses of granulation tisstic are
produced within the nostrils, mouth or eycs
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scen, eventually coalescing into polyeyclic aveas. The in-
volved portions may either be lighter or darker than the
surrounding normal skin, and fluoresce under filtered
ultraviolet radiation. There are never any subjective
symptoms, and the disorder is entirely of visual sig-
nificance.

Erythrasma selects certain individuals and produces
a macular hyperpigmentation with a smatl degree of scal-
ing in the groins, axillae or submammary regions. There
are no subjective symptoms and no erythema is produced.
The cause is Nocardia minutisspma, which also resists cul-
ture.

Trichomycosis axillaris produces nodules or concre-
tions on the hairs of the axillae or groins, either yellow,
ted or black in color. A fungus, Nocardia tenuis has
been considered to be the cause, but a recent report con-
siders the organism to be bacterial.

Piedra produces stony concretions along the shats
of scalp hasrs. It is usually attributed to two different
fung:, Piedraia horta:, a black type, and Trichosporon
beigeln, a white form. There is some doubt about the
Iatter entity.

Chromamycosis is caused by one of several strains of
fungy, sometimes given species status, and hnown as Clado-
sporium, Hormodendrum or Phislophora. Everting.
warty areas are produced, and penetration beneath (l‘lf
basal layer occurs. Tlus is not strictly a dermatophytosis,
but nevertheless cannot be cailed a “deep mycosis.” The
feet and legs are most commonly involved.

Rhrinosporidiosts 1s also intermediate between .lllt‘
superficial and the deep mycosis It is caused by Rhino-
sporidium seeben, acqunred by contact of the face with the
bottems of tivers. Friable masses of granulation tiswe are
produced within the nostrils, mouth or eyes.
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DERMATOPHYTOSIS-IMMUNOLOGIC
AND ALLERGIC MANIFESTATIONS

Resistance to Infection

Mosr, if not all, human beings become infected at some
time or other by dermatophytes; frequently this process
is highly repetitive throughout their lives. During these
episodes the natural keratinization process is continually
producing scales, and hair and nail fragments which are
shed into the environment, and which are loaded with
viable fungus spores Also, many of the animals com-
monly kept as household pets are capable of acquiring
fungous infections and transmutting them to their masters.
In addition some species of dermatophytes are apparently
widely distributed over the globe in the soil, where they
grow saprophyucally. It is thus obvious that no one can
live without frequently and repeatedly having his skin
brought into contact with these pathogenic organisms.
The degree of virulence or pathogenic ability possessed
by these fungi is subject to some variation but not over
any wide range.

In the light of these facts it would seem at first glance
to be inevitable that almost all human beings at almost
all times would be actually infected with many types of
these infections. Of course, such is not the case, because
there are many factors which are known (and undoubtedly
many others which are not yet known) which cause all
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seen, eventually coalescing into polycyclic areas. The in-
valved portions may either be lighter or darker than the
surrounding normal skin, and finoresce under filtered
ultraviolet radiation. There are never any subjective
symptoms, and the disorder is entirely of visual sig:
nificance.

Erythrasma selects certain individuals and produces
a macular hyperpigmentation with a small degree of scal-
ing in the groins, axillae or submammary regions. There
are no subjective symptoms and no erythema is produced.
The cause is Nocardia minutissima, which also resists cul-
ture.

Trichomycosis axillaris produces nodules or concre-
tions on the hairs of the axillae or groins, cither yellow,
red or black in color. A fungus, Nocardia tenuis has
been considered 10 be the cause, but a recent report con-
siders the organism to be bacterial,

Piedra produces stony concretions along the shafts
of scafp hairs. It is usually attributed to two differemt
fungi, Picdrata hortai, a black type, and Trichosporon
beigelii, 2 white form, There is some doubt about the
lagter entity.

Chromomycos:s is caused by one of several strains of
fungt, sometimes given species scatus, and knotwn s Clado-
sporium, Hormodendrum or Phislophora.  Everting.
warty areas are produced, and penctration beneath the
basal layes occurs.  This is not strictly a dermatophytosis.
but nevertheless cannot be called a “deep mycosis.” The
feet and legs are most commonly imohed.

Rhrinosporidiosss 1s also intermediate between .lhe
superficial and the deep mycosis It is caused by {ihmo‘
sporidium seeliert, acquired by contact of tlie face .wnh the
bottoms of rivers  Friable masscs of granniation tisuc ate
produced within the nostrils, mouth or eyes.
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generation of urea. The thick soled, heavy unventilated
shoes long considered stylish by men, account for a large
part of their increased susceptibility to infection over
women who wear mere “soles and straps.” Obesity causes
deep folds between the buttocks and in the groins and axil-
lae which easily become macerated; the situation is then
usually worsened by the wearing of tight girdles.

Immunologic factors may be either natural or ac-
quired.

Natural Immunity

Although difficult to prove statistically, and contrary
to the results to be expected from much animal experi-
mentation, it seems esident that a high proportion of
human beings are naturally resistant to most dermato-
phytes. For ple, even in ¢ ities where little
or no effective measures are taken to combat the epidemic
form of tinea capitis, the percentage of children who
become infected always remains small, and the epidemic
eventually reaches a “leveling off” stage. It is difficult 10
accept the thesis that this occurs wholly because of me-
chanical or virulence factors such as those previously men-
tioned, leaving a strong inference that susceptibility is by
no means universal.

Another example is furnished by studies of human
mfection by Trichophyton rubrum In a series of 61
persons so infected continuously during from 1 to 20
years, Wilson, Levitt and Plunkett found that not one
spouse had acquired the disease, even though obviously
living in a sea of spores of the organism for such long pe-
tiods. From this observation no accurate percentage can
be derived, but it is probably correct to state that not
more than one in 2 hundred persons is capable of becom-
ing infected by this fungus It appears highly unlikely
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conceivable variations to occur in the range of individual
susceptibility to infection, Aside from the previously
mentioned variations in virulence of the causative or-
ganisms, these factors may be either mechanical or im-
munologic.

Mechanical factors arc obriously very important, since
they often act as adequate barriefs to the acquisition of a
dermatophytosis. Frequent bathing with soap and water
removes a large proportion of those infectious elements
which fall upon the skin before they become pathogen-
ically established, and also diminishes the quantity of
organic residues from perspiration, some of which at least
can serve to feed fungi. Persons whose shin natwrally is
thin, with litcle thickness to the Aeratin layer which fungi
love, are more difficult to infect. A dry type of skin which
sheds its Leratin rapidly is more resistant than one which
is moist and oily. Occupations necessitating [requent
wetting of the skin, especially with liquids containing
nutritive food clements, promote infection,

The Leratin in human hair is apparently too dry and
inert to attract and support fungi except for those por-
tions still within the follicle and for a very few millimeters
beyond its onfice. Hence, long-haired girls acquire tinea
capitis much less frequently than short-haired boys. since
those oragnisms which fall upon their heads less frequently
reach the scalp. This factor is even noticeable in boys,
for the clipped, comparatively short-haired nape 1s much
the favored initial spot for the mfection, Although there
are some fatty acids m sweat which possess fungistatic
abilitics, excesstve perspiration actually premoles inl::o
tion, especally when occluded from adequate evaporation
as in the feet, axillac, groins, and submammary folds. Per-
haps 1n these arcas the fungistatic fatty acids are som.t“"ll‘
neugralized by ammonia resulting from the bacterial de-
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generation of urea. The thick soled, heavy unventilated
shoes long considered stylish by men, account for a large
part of their increased susceptibility to infection over
women who wear mere “soles and straps.” Obesity causes
deep folds between the buttocks and in the groins and axil-
Tae which easily become macerated; the situation is then
usually worsened by the wearing of tight girdles.

Immunologic factors may be cither natural or ac-
quired.

Natural Immunity

Although difficult to prove statistically, and contrary
to the results to be expected from much animal experi-
mentation, it scems evident that a high proportion of
human beings are naturally resistant to most dermato-
phytes. For ple, even in ¢ ies where little
or no effective measures are taken to combat the epidemic
form of tinea capitis, the percentage of children who
become infected always remains small, and the epidemic
eventually reaches a “leveling off” staze. It is difficult to
accept the thesis that this occurs wholly because of me-
chanical or virulence factors such as those previously men-
tioned, leaving a strong inference that susceptibility is by
no means universal

Another example is furnished by studies of human
wfection by Trichophyton rubrum In a series of 61
persons so infected continuously during from 1 to 20
years, Wilson, Levitt and Plunkett found that not one
spouse had acquired the disease, even though obviously
living in a sea of spores of the organism for such long pe-
riods. From this observation no accurate percentage can
be derived, but it is probably correct to state that not
more than one in a hundred persons is capable of becom-
ing 1nfected by this fungus. It appears highly unlikely
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these defects in natural resistance to discase as in search-
ing for chemicals cnpnblc of curing the infections by kill-
ing the offendi In fact, fi u‘ ides alone
probably can only bc helpful temporarily in many dis-
orders, because the still susceptible person will soon be-
come reinfected after its cessation.

In contrast to the above, there are some fungous in-
fections to which most (or perhaps all) persons are prob-
ably eriginally susceptible, such as tinea pedis due to T.

phytes. Large bers of people possess this
infection continuously over many years, others acquire
it frequently and clear it relatively quickly each time,
seemingly because of a resi e factor easily developed
or regenerated by the mfection but wluch disappears, or
at least declines below a totally effective level in the in-
terims, Some of these persons eventually appear to be-
come persistently immune,

A similar fluctuation or alternation in immunity and
suscepuibility is seen in the ordinary type of tinea corporis,
but in this case exhibited as a temporary variation in tis-
sue resistance. Here, an actively advancing border leaves
behind an area which clears itself of the infection and can-
not be reinfected for a time, but soon loses this resistance
allowing a new center to start which then expands and
clears again centrally, resultng in a target of concentric
rings, a picture responsible for the acquisition of the name
of “ringworm.”

Acquired Immunity

‘When tinea capitis is associated with marked inflam-
mation, as 1n kerion Celsi, the prognosis 1s good The in-
fection seems to “burn itself out” and the patient almost
never becomes infected again subsequently  This observa-
tion seems to i the develop of a p
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immunity of a definite specific and acquired type. Asso-
ciated with this in a very significant manner is the des clop-
ment of an allergic hypersensitivity which will now be
discussed.

TricuoruyTIN REACTIONS. From cultures of derma-
tophytes of any species, extracts called “trichophytins®
can be made, which are of valtte in certain testing pro-
cedures and occasionally in the treatment of discase. It
has usually been concluded that the product is identical
no matter which species of organism is utilized (except
for Candida). In other words, trichophytin is “group
specific” rather than “species specific.”

In sensitive individuals the intracutancous injection
of trichophytin produces ejther an immediate wheal (urti-
carial) response or a delayed, tuberculin type of reaction
reaching its peak in about 48 hours,

The delayed, tuberculin type of reactton has received
the larger amount of attention, and is what is usually
meant by the statement “positive reaction to trichophy-
an”  As stated before, this reactivity develops m the
skin in general of patients with tinea capius when kerion
supervenes, and 15 hence closely associated with recovery.
This sensitrvity hiowever endures long after cure has beent
obtamned, perhaps for the life of the mdidual ancc
such patients rarely become reinfected, at first glance it s
tempting to accept as fact that this reactwity is the means
by which immunuy 15 implemented. It coccidioidomy-
cos1s the paralichism 1s even more closely documented, but
it 15 sl not possible to connect the two definitely. In
dermatophytosis there are many more gaps n our Lnow!
edge, and at present it must be cousidered as conjectural

Hypersensitivity to trichophytin is. also present an
marked degree in many patients possessing other d'rrm:l
1ophytoses, especially of the acute, inflammatory, vesicular



Clinical and Immunologic Aspects of Tungous Diseases 221

types such as tinea pedis or cruris.  In fact it scems certain
that a considerable proportion of the acute inflammation
usually present in these disorders occurs as a result of this
xquisite alfergic hyp itivity to the products of the
invading fungus, which must be closely similar or identi-
cal 1o trichophytin. The vesiculation which is produced
by this mechanism is obviously of assistance in clearing
the body of the infection, since it separates the keratin
and pre-keratin layers almost anatomically from the rest
of the epidermis, and leaves no keraun to support further
fungal growth. Here, however, even though this type
of disease is usually casily cleared, indicating the value
of such a “specific acquired resistance factor,” thesc pa-
tients can be subsequently reinfected over and over again,
as soon as new heratin is produced, even though the hy-
persensitivity persists app 1y unchanged throughout
the years. Such an immunity as this is obviously not
perfect nor complete.

DermaToriyTin ReacTiovs  Frequently 1n associa-
tion with a dermatophytosis n a localized area such as
feet, groins, or scalp, an erythematous, papulo-vesicular
eruption develops at a distance from the ongmal focus
This may be localized or generalized, mild or severe, It
is caused by the dissemmation from the actively nfected
focus by way of the blood stream of fungous elements or
products. In such individuals, hypersensitivity to tricho-
phytin of the delayed tuberculin type 1s the rule, in fact
1t is a requisite for accepting the eruption as a tricho-
phytid,  Although this hypersensitivity probably helps
the patient to “throw off” the actual infection, 1t 1s fre-
quently much more uncomfortable than the ongnal dis-
ease.  All active fungicidal treatment must be 2bandoned
to reduce the absorption of dead fungous dernivauves and
thereby ameliorate the allergic reaction, and gentle anti-
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eczematous measures substituted, together with temporary
support by anti-allergic drugs such as antihistaminics and
steroid compounds. Specific desensitization and mainte-
nance in that desensitized state by cautiously repeated
injections of trichophytin in appropriately increasing
amounts may be necessary,

IsssEDIATE WHEAL ReActions to the intracutancous
injeczion of trichophytin are commonly encountered and
are considered by many authors as equally specific and
meaningful as the delayed wberculin type. It is wsually
advocated that both of these reactivities are closely asso-
ciated, in fact different stages of the same process. It is
claimed that when hypersensitivity develops, the first man-
ifestation is the ability to react with the delayed, tuber-
culiny type of response. This is considered 1o be due to
antibodies which are developed and fixed to the cells
of the skin.  This type of reactivity cannat be tramferred
through serum to another individual and does not pass
the placenta. It is thercfore concluded that the antibodies
are not present in the creulating blood, at least in the
serum, Jt is beliesed that later as the process of hyper-
sensirvaty develops more fully these antibodies become
detached from the cells and therealter circutate with the
bload, now hemg transferable.  They now confer upon
the individual the power to react to the ntracutancous
injection of trichophytin by the formation of the “imme-
diate wheal” response

This is an appealing thess, and conforms to much m-
sestigational work with allergens derired from foods, dan-
ders, protozoa, ammal parasites. ricketusize, viruses, and
bactersa.  However, these substances are uniformly of a
protein nature, whereas trichophyun is almost a pure
polysaccharide Tt has already been pointed out in re
lation to coccidioidin {see page 52) that it is not neces
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sarily correct to expect such dissimilar substances to react
identically. ‘There are, indeed, several discrepancies in
this concept which need clarification.

Trichophytin (even as coccidioidin and the other
antigens derived from fungi) is not completely antigenic
in its own right. In other words, repeated injection of
trichophytin into normal persons cannot induce the ability
10 react to its subsequent intracutaneous inoculation by
the production of the delayed tuberculin type of response.
It is possible however to induce the immediate wheal re-
activity. Since the former is considered to be the first
of the two “stages” of the development of hypersensitivity
how can the "immediate wheal” type occur without being
preceded by it? Trichophytin is the only product de-
rivable from dermatophytes growing in culture and is
admittedly not completely antigenic, It is thus obvious
that fungi growing on the human body in an actual in-
fection must produce some completely antigenic product
differing from trichophytin, since hypersensitivity is pro-
duced under those circumstances. Since the entire cuta-
neous surface becomes hypersensitive and reactive at the
same time, it is obvious that this antigenic substance must
circulate in the blood stream  Thence, 1t must be ex-
tracted by those cells of the body which produce anti-
bodies, a function usually attributed to the reticuloendo-
thelial system. The skin is relanvely very poorly supplied
with reticuloendothelial elements of the type usually cred-
ited with this ability. Are we to assume that anubodies
are formed in the spleen, liver, lymph nodes and other
tissues rich in reticuloendothelial elements and then trans-
ported quantitatvely to skin cells to become fixed there
suddenly? Must these antibodies not therefore circulate
in the blood to get to the skin? IE so why do we not ob-
serve the “immediate wheal" reaction to intracutaneous
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testing first, since this is the characteristic reaction to
“circulating” antibodies? Why must we attribute to Na-
ture an illogical process of fixing antibodies to the skin
at first and only later releasing them to “circulate™? While
this may not appear to be entirely out of order in as-
sisting the body to resist an invasion of fungi into the
skin itself, suck as with dermataphytosis, it is utterly in-
comprehensible as a method of resisting a pulmonary in-
fection, as in the deep mycoses, where effective immuno-
logic resistance does develop, and is associated with skin
test reactivity of the delayed, tuberculin type, (“fixed
antibodies to skin”) but never consistently with the urti.
carial, immediate wheal reactivity (“circulating anti-
bodies”). It is easicr to believe that the antibodies in-
volved in the delayed tuberculin type of response do
circulate when necessary, and that our tests have simply
not as yet revealed them there.

The possibilities here may be seen at once by asking
how likely would be the chance of obtaining a fire-engine
in a routine sampling of the traffic arteries of a city, and
considering in contrast what happens when a fire is re-
posted. They may not be “fived” to the skin at all, !m!
called there from elsewhere in response to the injection
of the antigen.® .

At present, it scems better to consider both reactions
as separate entities, not stages of the same process con-
vertible one nto the other. The delayed tuberculin type
of reactvity may be associated with immunity in some
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way; the immediate flare reaction is probably not. This
parallels experience in coccidiodomycosis and other deep
mycoses.

In line with this opinion 1t has been pointed out that
persons infected chronically with Trichophyton rubrum
react to trichophytin much more frequently with the im-
mediate wheal than with the delayed tuberculin response.
It must be considered significant that they also usually
do not succeed in resisting the disease at all; even the
erythema which accompanies their infection is consistently
minimal, and the disease persists for many years. Vesicu-
lar reactions, which could help the body to throw off the
infection are uncommon, and trichophytid reactions are
\ery rare.

Attempts have been made to render trichophytin com-
pletely antigenic by attaching 1t to other substances, such
as M. tuberculosis lipoid or protein-like materrals  None
has succeeded in inducing the tuberculin type of senst-
tization subsequently, nor has any degree of mmunity
been observably conferred  Attempts have been made to
induce the delayed type of trichophytin reactivity in per-
sons infected with T. rubrum in the typical highly re-
sistant form, by infecting them with T, mentagrophytes,
hoping to enhance the acquisition of speaific immunity;
as yet no notable success has been attained.
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as in mails, hair follicles or palms and soles, but in these
Tegions it consistently defcats our best attempts at medi-
cation. The plain truth of the mater is that as yet no
chemical or method has been devised which can extend its
fungicidal effects as deeply into these Leratinized struc-
tures as the fungi regularly penetrate. Thus, even chem-
icals demonstrably capable of killing specific fungi in
high dilutions (less than one part per million) have failed
miserably to cure or control certain forms of tinea of the
scalp, nails or soles. In fact, many students of these dis-
orders believe that the external application of chemical
fungicides to the affected parts exerts no beneficial influ-
ence whatever.

In the opinion of this author this is not enurely
true, because of a phenomenon called the “epidermal
efftuvial current ”  “Tlus is not a new concept, but it cer-
tainly needs more emphasis than it has p; ly received.
In man and in animals, the eprdermis proliferates con-
tinuously and pushes the eprdermal cells thus produced
toward the external surface to be shed eventually as dried
Leratin squames. This process goes on Just as productively
within the hair follicles as it does on the flat surfaces of
the skin. The hair itself 1s produced by this activity on
the part of the epidermal cells of 1ts root at the papilla, and
itis, of course, well recognized that it grows outward  The
basal cells of the external root sheath are equally pro-
ductive; however, they do not contribute their heratinized
product to the hairs, but to the inner root sheath, whose
two layers are known as the sheaths of Huxley and Henle.
It is not so well recognized that this keratin matenal also
grows outward at the same rate as does the hair and ap-
Ppears at the mouth of the follicle as a Ting of keratin sur-
rounding 1t before being shed Thus, not only the hair
ttself but all of the keratin and its precursors which are
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produced within the follicle are carried outward at the
same rate, and there is no sliding of one layer abruptly over
another. This process I think of as the “epidermal efffu-
vial current.”

To succeed in parasitizing a hair, a fungus must be
able to grow downward into the follicle at a rate more
rapid than the rate of this “epidermal eflusial current.”
Also, since a fungus does not ordinarily penctrate beyond
the confines of the epidermis, unless fortified by bacterial
allies or by allergic hypersensitivity, it will always be con-
tained entirely within structures which are moving to-
ward the exterior at this same rate. Hence, to maintain
its parasitism of the follicle the fungus must contnuously
grow downward into the follicle at a rate at Jeast equal to
or exceeding the “epidermal efiluvial current* In com-
mon language, it must continuously swim upstream to
avoid being carried out to sea and lost. If the fungus
falls behind sufficiently in its rate of growth, the follicle
will clear itself automatically of the infection, This 1s true
regardiess of whether or not the hawr shafe itself is dis-
charged as the result of the natural cycle or becomes epi-
lated by other means, for the eprdermus of the root sheath
maintains this outward current at the same rate cven
when the hair shalt is not present, unless 1t s in a totally
resting state, in which case no kerann s being produced
nor 1s there any present to support the growth of the
fungus
I belicve tus concept explams many otherwise puz
2ing aspects of the therapy of tnea capius.  Cure n:m
oceur of the rate of hair growth becomes sufficiently in
creased or the ability of the fungus to grow becomes suf
fictently slow  The rapidity of growth of the advancing
filaments at the edge of a colony of fungus depends to a
significant degree upon the amount of fungus present for
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its suppart in the more central pottions and upon its
degree of health. There are probably many factors which
can cause sufficient variations in the health status of the
fungus ta sfow its growth enough to allow a cure to occur.
Some of these factors are undoubtedly inherent in the
fungus itself, and the cure appears to be spontancous
even in the absence of any immunologic resistance on the
part of the host.  Closely clipping the scalp and cleansing
it frequently and vigorously with soap and water is un-
doubtedly sufficient in many instances to tip the halance
in favor of cure. Also, it is not necessary for a fungicide
to be capable of penetmating 1o the depths of the follicles
and killing all of the fungi contained therein to be cred-
ited with contributing to the achiesement of a cure.
It is only necessary for it to maintain sufficient fungistatic
effect upon the surface, and to a certain depth perhaps,
to slow down the penetration rate of the parasite so that
its rate of growth downward into the follicle finally be-
comes less than the rate of the “epidermal effluvial cur-
Tent.” It alto can serve by preventing the infection of
new follicles. IE this effect is maintained Jong cnough over
all the scalp, all of the follicles will clear themselves
The selection of an individual fungicide thus becomes
much less important than the length of time some such
agent 1s continuously applied Because of pecufiar med-
icolegal factors, epilation by means of x-radiation is sel-
dom employed in Southern California We have thus
been forced to attempt to cure almost all cases of tinea
capitis Ly externally applied medication continued stead-
ily for many months. Under these circumstances, we have
observed a much higher eventual cure rate than reported
elsewhere, of even such resistant infections as those caused
by AL audownm, T, tonsurans, and even favus.
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This same mechanism is active in identical fashion in
nails, except that it is a great deal slower and is exerted
on one side of a concave surface instead of the entire pe
riphersy of a circle, as in a hair. I believe that whenever
fungous infections of nails become cured, it is the “epi-
dermal effluvial current” which is almost entirely respon-
sible.  Fungicides are relatively ineflective and can only
contribute by attennating the virulence of the mass of
fungus with which they can be brought inte contact,
thereby slowing down the penetration wate of the deep
advancing filaments.

In general, effective fungicides will prove beneficial
only for disorders actually caused by fungi and are Hlely
to irtitate the remainder. It is thus important to confirm
the chaical diagnasis of fungous infection wherever pos-
sible by irrefutable laboratory means.  The direct micro
scopic examination for fungi of specimens of diseased tis
sue is easy, and should be conudered almost mandatory
Cultural studies are equally necessary in certam yypes of
inlection, and sbould be routinely employed an all forms
wherever facilities are easly accessible

In addition to determmng which type of infection is
present, it must be cmphasized that atention must be
given also to 1ts stage, in order that a therapy may be s
lected ninch the tissues can rolerate  Strong medications
should never be apphed to acutely mffamed arcas sior
to those mherently subject to irmtation such as eyehds,
anus, or genitalia,  Whenever there is doube, the weaker
remedy will usually prove to be the better choice

Secondary infection by pyogenic bacteria is Ircqucml.)
superimposed upon fungous infections, and mut ordi-
nandy take precedence m the selection of treatment. Ao,
there are wany nimes whien therapy must De modified bee
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cause of the development of allergic hypersensitization
to the infecting fungus or to its preducts

Tinea Capitis

Once the diagnosis of ringwonm of the scalp has been
made, it is strongly advisable to clip the hair completely,
so that medication may be more casily applied and with
much less waste, once or twice daily, and the scalp can be
easily shampooed with soap and water every day or two.
Infected hair fragments are thus less likely to remain in
contact with unimvolved arcas long enough to start new
foci. A closcly fitted cap fastened beneath the chin and
made of material impervious to infected hair fragments
an be worn to prevent scattering them about to result
possibly in inlecung other persons.

NosRrestsTaNT INFECTIONS, most commonly caused by
M. canis, M. fulviem or T. mentagrophytes, must be guided
therapeutically in accord with the degree of mflamma-
tion present. In its most pronounced form, hnown as
“kerion,” this inflammation is severe, causing large, bogay,
purulent, painfully swollen areas, frequently associated
with systemic toxicity. In tfus stage only the mildest of
wet dressings or soaks will e tolerated, such as sawurated
solution of boric acid ot dilnted Zephiran® When severe,
(and especially if there is systemic reaction such as fever)
the systemic administranion of peniaillin or a wide spec-
trum antihacterial antibiotic 1s indicated, In this stage
strong fungicides shiould never be used because they -
tensify the inflammation, by the same tolen they are al-
most uniformly unnecessary because the infected hairs
are caused 10 be shed from the follicles by the effects of
the infl and, a tend towards a sp
cure results, largely from specific immunologic causes.
As this process subsides however, close observation is in-
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z]ica'ted, since some more resistant patches may remain.
Kerion can occur in infections due to any of the previously
named organisms, even at times in those which at first
were classed as “resistant”; when this happens, of course,
they lose this designation.

For cases exhibiting lesser degrees of inflammation,
ever stronger remedies will be needed, and will be better
tolerated, although the “kerion” stage may develop at any
time and indicate their discontinuance. The presence
of any considerable degree of inflammation calls for com-
presses or soaks of Alibour solution (copper sulfate 00255
and zinc sulfate 0.062), Somewhat less inflamed cases can
be given mild fungictdes such as ammoniated mercury
ointment 5%, or 55 sulfur ointment with or without 2
to 3% of salicylic acid. Milder degrees of inflammation
call for more strongly ant2fungal remedies, many of which
are available as proprietary compounds such as Salinidol®
(5% salicylanilide), Asterol® 5% (not to be used for
children under 5 years of age because of possible toxicity),
Salundck® (salicylaniiide and undecylenic acid) Decupry}®
(undecylenic acid and a copper compound) or VerdefanF.
An advantage possessed by some of these ointments is that
the base 15 carbowax, a water sofuble grease, which facil-
tates the shampoo  lodine 265 m the same base is also
good as is @ muld form of Whitfield's oimtment (5% salt
cylic aad 35 benzoic acid).

It has long been cvident that on medication yet de-
vised can penetrate as deeply nto the hair follicles as do
the infecting fungi, hence no one of the above medicanons
can be said to be reliably effectne, and there is hutle indi
cation that any one of them 1s superior. Sunce fungt seem
able o deselop resistance to any particular medication
after 3 time, 1t ts advisable to change the prescription every
4 10 6 wecks, no matter which onc s chosen at first - Any
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thing which promotes the shedding of infected hairs assists
the cure, and many operators believe that manual extrac-
tion of fluorescent hairs by forceps {or massively by using
strips of adhesive tape) under the guidance of the dark
light is helpful. Inflammation itself causes much shedding
of hairs, and Kerfon does so quite completely, hence the
ease of cure when these are present. Subscquently, con-
tinuous medication prevents reinfection of those follicles
whose lairs have once been shed and thus contributes to
progress,

RESISTANT InrECTIONS. In most geographic regions,
a patient possessing proved mingworm of the scalp, and
presenting no inflammation (especially af it is shown cul-
turally to be due to one of the fung: of resistant character-
istics), should be given the benefit of complete temporary
epilation of the scalp hars by the administration of x-
radiation by an experienced operator.  Medicolegal con-
siderations deny this in some localities, and lack of avail-
able x-ray facilities or experienced personnel in others
This method 135 also not usually employed befow the age
of 3 years, nor 1n the Microsporum infections when the
patient is approaching puberty X.ray cpilation must be
very carefully performed or pcrmanem alopccm may
tesult, hence a ¢
should be in charge. After the cplhung dose 1s applied,
only mild medicaments should be used, ammoniated mer-
cury (3%) is usually chosen and is applied daily until
the hair has all been shed.

When xaay epilation cannot be employed for any
of the above reasons, Jocal medication will provide a rea-
sonable chance of cure, but only if carried out rigidly
and continuously over a penod of from 4 to 6 months or
more. The stronger medicaments previously listed should
be utilized and changed occasionally. X-tay therapy may
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also be delayed or dispensed with entirely at times when
the involved area is small and well localized.

Crrrrria oF CuRE. Patients with tinea capitis should
be closely superviscd for several weeks alter the last in-
dicatjon of persistent infection has disappeared. In the
fluorescent types, the dark light is helpful, and avoids
much culture work, When Ruorescence is no langer seen,
then cultures should be taken from at least two previously
involved arcas on at least three occasions at 2 week in-
tervals, and shown te be negative belore cure is presumed
Relapses are frequent if this procedure is not followed,
and there ar¢ no more disgruntled parents than those who
have to begin all over again with the complicated treat-
ment schedule some months later, perhaps also with several
other children who have become infected in the interim!

Epidemiolagic rules vary according o locality and
type of infection, but there is little danger of transmis
sion if the cap is always worn, ointment js always present
on the scalp, and bodily contact between children pre-
vented. Especually safe in this regard arc the inflamma-
tory types of amimal onigin.  However, infected cluldren
are usually excluded from theaters and barber shops.  Kit-
tens and puppies must be suspected as oniginal foci, and
examined. When cases of resistant tinea capitis are dis-
covered, the fact should be given wide publicity in the
locality, so that all possible contacts may be examined
soon and any resulting mfections iscorered while yet

mild in extent.

Tinea Barbae (Ringworm of the Deard)

As with tinea capitis, various degrees of inflammation
are encountered. T mentagrophtes and T. verrucosum
(from caule, rabbus, mice or rats) cause an mflammatoty
type. frequently duplicating the kenon stage of tinea
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capitis, while 7. rubrum, T tonsurans and T\ violaceum
cause a comparatisely noni y form. As with the
scalp disorders, inflammation usually means less resist-
ance to treatment, but this is not so reliable here.

Marked inflammation calls for mild wet dressings with
boric acid solution or diluted Zephiran®. Less inflamed
areas will tolerate Alibour's copper and zinc sulfate so-
lution and mild fungicides such as 5% ammoniated mer-
cury or sulfur and salicylic aaid ointment (56 and 85).
Frequently it will be necessary to combat secondary bac-
terial infection before beginming speafic antifungal ther-
apy. In the post inflammatory stage or when dealing with
a noninflammatery form, stronger antifungal measures
are necessary, including those recommended above for
i The beard may be clipped, but shaving
ided since it tends to spread the infection.
Fractional x-radiation is beneficaal, and occasionally, if
the disease is recalcitrant, it may be necessary to usc a dose
capable of causing temporary epilation, as with tinea
capitis.

Tinea Corporis (Ringworm of the Glabrous Skin)

Infection of the non-hairy skin by fungi may occur
alone or in combination with scalp disease; and whenever
one of these iy discovered, the other should be suspected.
When both are present, 1t 15 to be expected that the shin
lesions will respond to treatment within 2 or 3 weeks
while the scaip often requires several months. This is
because of the lack 1n the former of the deeply implanted
hair [ollscles, which furnish the pathway for deep fungus
penetration in the scalp.

In childhood, members of the Microsporum group of
fung: are maostly resp ible, sn adults the st are
T.mentagrophytes and T rubrum. There is little clinieal
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difference between infections caused by the different vari-
cties of fungi, but there are different grades of inflamma-
tion, which must be considered in the selection of ther-
apy. It cannot be over emphasized that many nonfungal
skin disorders can produce the ringed lesions so ﬁnﬂly
fixed in the minds of clinicians as diagnostic of ringworm.
Direct microscopic examinaton will confirm or deny the
diagnosis.

When inflammation is severe, wet dressings are indi.
cated, using boric acid solution or Alibour water (sce
above). If secondary bacterial infection is present it must
be treated with local antibiotics. As the inflammation
subsides, mild fungicides such as sulfur-salicylic acid oint.
ment (5% and 39%) can be used. Diluted tincture of
iodmne (195) is good. In this stage practically any anti-
fungal preparatton will achieve a cure within two weeks,
if irritation does niot develop. To prevent recurrence, an
attempt should be made to discover and eliminate the
source of the infection. To facilitate this, cultural studies
will frequently discriminate between human and animal

sources

Tinea Cruris (Ringwonin of the Groins)

Almost without exception strong materials should
fever be used in intertriginous areas such as the groms,
intergluteal cleft, submammary ercases and axillae.  Ase
tringent antiscptic wet dressings, such as mentioned above
but usually only half or one third of the usual full strength,
are best in the inflammatory stages  These should not
be applied continuously, but intermittently, allowing
plenty of time for dic areas to become dry between treat
ments; at most they should be used 20 minutes out of
every hour, and usually such a session three or four times
daily will suffice. Copious amounts of plain talcum ponder
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should be applied between sessions and as little clothing
worn as possible; allowing air to assist in maintaining dry-
ness. Avoid medicated powders, or those containing starch
which can feed fungi or bacteria when wet. A mild
sulfur (395) salicylic acid (2%) preparation in a vanish-
ing cream or carbowax base (water soluble) is serviceable,
while a greasy ointment is likely to be poorly tolerated and
to cause folliculitis in hairy regions. If this material is
applied thinly enough, the talc can also be continued to
I ess. Calamine lotion c ining 3% resor-
cinol is frequently helpful. When inflammation subsides,
antifungal proprictary preparations can be used with
benefit, but are better diluted with a bland base to one-
half or one-third their usual strength and applied spar-
ingly to avoid irritation. It is often advisable to avoid
allowing such materials to touch delicate structures such
as the scrotum, where a suspensory is useful,

Moniliasis dictates special alterations in the above reg-
imen. First, a search for one of the predisposing causes for
this infection should be made and appropriate therapy
begun (diat vitamin deficienaies, glandular disturb-
ances, recent administration of broad spectrum antibiotics,
ete). In the acute stage, gentian violet in 1% aqueous
solution is a useful adjunct to the wet compresses, even
though it is known that the monilial fungus (Candida al-
bicans) frequently is able to grow in the presence of this
medication. At this writing, an anubiotic, “nystatin,” in
ointment form scems destined to achieve a reputation for
effectiveness against moniliasis, although not for mfections
caused by other fungi. Momthasis is prone to recur es-
Ppecially 1f one of the predisposing causes mentioned above
Temains uncorrected. Fractional x-radiation expertly ad-
ministered is a helpful adjunct.
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Tinea of Feet and Hands

As with the other dermatomycoses described abave,
ringworm of the hands and feet varies widely in the
degree of inflammation produced. In the most acutely in-
flammatory stage vesiculation is severe, and large arcas
become denuded by coalescence of vesicles into bullae
which rupture. Secondary bacterial infection is common,
and very frequently of serious importance. The develop-
ment of allergic hypersensitization is often evident (the
so-called “dermatophytid” or “id”), and requires particu-
lar attention (see below). In any of these stages, treat-
ment must begin with soaks or wet dressings of mild me-
dicaments such as boric acid (saturated solution) or liquor
aluminum acetate (Burow’s solution) 1 to 30 to 1 to
10. Secondary bacterial infection requires the substitu-
tion for the above of potassium permanganate (1 0
10,000 to 1 to 2,000,) or Alibour's copper and zinc sulfate
solution (0.029 and 0.065, respectively.) Such wet dress-
ings should be used intermittently for only 20 to 30 min:
utes, 3 to 8 times daily with periods between the sessions
devoted to air drying. Bullae and large vesicles must be
opened so that their burrowing tendency is stopped and so
that the medicated solution can reach the tissues actually
diseased.  Sometimes gential violet (1% aqueous solu-
tion) 15 uscful, especially if moniliasis is present.  When
bacterial infection is marked, an antibiotic ointment is use-
ful between the sessions if applied very chinly to avoid
maceration, Polysporin® or Polycin®, Terramycin®, Neo-
sporin®, Bactitracin® and similar combinations are cur-
rent favorites. Every effort should be made 1o promote
drying of the aficcted areas, by using cotton pledgets to
separate toes and to allow access of air and liberal appli-
cations of plain talc without starch.  Only sandals or other
types of shocs permitting acration are allowed.
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1f inflammation is mild, or has subsided under the
above regimen, wet dressings need be less frequent, but
should be used at least once daily for cleanliness; the above
mentioned solutions are usually 1o be preferred to soap
and water. In the subacute stage calamine lotion con-
taining 2 to 8% resorcinol is helpful. With further sub-
sidence of inflammation fungicidal preparations in oint-
ment form are recommended, such as Descnex®, Timofax®,
Vioform?, S 3, Asterol® or Sop 1%, Such acute
or subacute types as these are frequently encountered, and
are usually caused by Trichophyton mentagrophytes or
Epidermophyton floccosum, although at times any of the
other species named under tmea capitis will be found.

Less commonly, a dry, hyperkeratotic form of tinea
affects the feet and hands, accompanied by mild inflam-
mation onty, sometimes by none at all. This form is or-
dinarily found to be caused by Trchophyton rubrum,
and is notoriously difficult and frequently impossible to
cure, There is considerable evidence that those patients
who acquire this infection do so because they possess
some inherent abnormality in therr skin rendering them
less able (or sometimes fotally unable) to resist it. Many
cases have been known to continue with this infection for
decades, but almost never does a spouse acquire it A
valuable clue as to differential diagnosis 1s the tendency
for T. rubrum infection to remain unilateral (one hand
or foot) In this type, the strongest of fungicides com-
bined with keratolytics will be needed, and even then wll
frequently fail. Salicylic acid up to 20%, or iodine tinc-
ture up to 4% are beneficial Most of the proprietary
compounds are not effective, but Asterol®, both the tmnc-
ture and ointment combined 15 useful X-radiation 1n
fractional amounts should be carefully added to the regi-
men in the early weeks. Long continuation of therapy
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Tinea of Feet and Hands

As with the other dermatomycoses described above,
ringworm of the hands and feet varies widely in the
degree of inflammation produced. In the most acutely in-
flammatory stage vesiculation is severe, and large areas
become denuded by coalescence of vesicles into bullae
which rupture. Secondary bacterial infection is common,
and very frequently of serious importance. The develop-
ment of allergic hypersensitization is often evident (the
so-called “dermatophytid” or “id"), and reguires particu-
far attention (see below). In any of these stages, treat-
ment must begin with soaks or wet dressings of mild me-
dicaments such as boric acid (saturated solution) or liquor
aluminum acetate (Burow's solution) 1 to 30 10 1 to
10.  Secondary bacterial infection requires the substitu-
tion for the above of potassium permanganate (1 to
10,000 to 1 to 2,000,) or Alibour’s copper and zinc sulfate
solution (0.02% and 0.06%, respectively.} Such wet dress-
ings should be used intermittently for only 20 to 30 min-
utes, 3 to 8 times daily with periods between the sessions
devoted to air drying. Bullae and large vesicles must be
opened so that their burrowing tendency is stopped and s0
that the medicated solution can reach the tissues actually
diseased. Sometimes gential violet (19 aqueous solu-
tion) is useful, especially if moniliasis is present. When
bacterial infection is marked, an antibiotic ointment is use-
ful between the sessions if applied very thinly to avoid
maceration; Polysporin® or PolycinZ, Terramycin®, Neo
sporin®¥, Bactitracin® and similar combinations are cur-
rent favorites. Every effort should be made to promote
drying of the affected areas, by using cotton pledgets to
separate toes and to allow access of air and liberal appli-
cations of plain talc without starch.  Only sandais or other
types of shoes permitting acration are aljowed,
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If inflammation is mild, or has subsided under the
above regimen, wet dressings need be less frequent, but
should be used at least once daily for cleanliness; the above
mentioned solutions are usually to be prelerred to soap
and water. In the subacute stage calamine lotion con-
taining 2 to 8% resorcinol is helpful. With further sub-
sidence of inflammation fungicidal preparations in oint-
ment form are recommended, such as Descnex®, Timofax®,
Vioform®, Sterosan®, Asterol® or Sopronol®. Such acute
or subacute types as these are frequently encountered, and
are usually caused by Trichophyton mentagrophytes or
Epidermophyton floccosum, although at times any of the
other species named under tinea capitis will be found.

Less commonly, a dry, hyperkeratotic form of tinea
affects the feet and hands, accompanied by mild inflam-
mation only, sometimes by none at all. This form is or-
dinarily found to be caused by Trichophyton rubrum,
and is notoriously difficult and frequently impossible to
cure. There is considerable evidence that those patients
who acquire this infection do so because they possess
some inherent abnormality in their skin rendering them
less able (or sometimes totally unable) to resist it. Many
cases have been known to continue with this infection for
decades, but almost never does a spouse acquirc it. A
valuable clue as to diff 1al d is is the tend
for T. rubrum infection to remain unilateral (one hand
or foot). In this type, the strongest of fungicides com-
bined with keratolytics will be needed, and even then will
frequently fail. Salicylic acid up to 20%, or 10dine tinc-
ture up to 4% are beneficial. Most of the proprietary
tompounds are not effective, but Asterol3, both the tinc-
ture and ointment combined is useful. X-radiation in
fractional amounts should be carefully added to the regi-
Men in the early weeks. Long continuation of therapy
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is necessary. Oniy a fraction, perhaps 25% can be cured
completely; the remainder can be taught the benefits
of a fair degree of control by indefinitely prolonged medi-
cation, even when hope of cure has become dispelted.

Tinea Unguizin, Onychomycosis (Ringworm of the Nails)

Fungous infection of the toe and fingernails is most
commonly seen in combination with similar infection in
the surrounding skin, but may persist continuously for
years between intermittent episodes of the lacter. This is
illustrative of the extreme difficulty with which the treat-
ment is attended. It is well to explain to the patient that
the mails may be cured only if he is willing to devote
considerably more time and effort to the treatment than
is demanded far most other disorders. Fungi invade be-
tween the nail and the nail bed and extend their filaments
deeper and deeper, frequently to the very point of origin
of the pail. In the wake of this process the nail usually
persists to a large extent and covers 2 mass of debris con-
sisting of durt, epithelial scales, decayed nail and fungous
elements living as well as dead. It is useless to expect a
medication to penetrate throngh this material deep enough
to reach the actively progressing portion of the infecting
fungus. Hence debridement must be carned out, often
enough to keep up with the production of detritus (every
2 to 5 days) and as extensively as possible without pro-
ducing bleeding. Even so, the base of the mfection can-
not be reached, and fungicides cannot penetrate deep
enough. By long continued persistent medication cure
can be obtained frequently, however, because the fungus
mass is attenuated to the point where it cannot proliferate
inward as rapidly as the nail grows ontward, thus eventu-
ally losing the battle. Debndement can be carried out as
an office procedure, using a motor driven dental burr or
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ment. Long and continuous therapy is essential, since
intermittancy will allow the fungus new chances to pene-
trate. Many patients must be content with improvement
of various degrees, and can usually be afforded this even
when it becomes evident that complete success will not
be achieved. It is a valuable semi-victory to be able to
prevent the spread of the infection.

Tinea Versicolor, Pityriasis Versicolor

This infection usually responds readily to treatment,
but is prone to recur, apparencly because patients acquire
it only by being inherently inordinately susceptible. Ex-
cessive perspiration also predisposes, and all possible ef-
forts to combat it should be included, both during therapy
and indefinitely after cure is obtained. Microscopic ex-
amination of scales from affected areas will reveal short,
thick, curved hyphae and globose spores, differentiating
from vitiligo and pityriasis alba. This fungus cannot be
routinely cultured.

A somewhat prolonged hot bath should precede the
treatment each might. Mild fungicides will suffice, a
favorite is 10 to 20% sodium thiosulfate and 5 to 10%
glycerin solution jn water; 10 to 20% alcohol may be
added if desired Almost any other fungicides will per-
form equally adequately, but there is little to gain thereby
and the expense s increased, an important factor fre-
quently, since the tendency 1s for a large portion of the
skin surface to be involved.

Erythrasma

This extremely superficial disorder usnally causes 10
symptoms, only discoloration, especially in mtertrigimous
areas, and treatment is not mandatory. Hovwever, it usu-
ally responds easily to the same regimen recommended

for tnea versicolor.
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Otomycosis (Ringworm of the Lars)

Non-dermatologists are likely to label most, if not
all, of the inflammatory conditions involving the external
ear canals and the surrounding area as “fungous infec-
tions,” but microscopic exammnation and cultural study
seldom supports this diagnosis. Pathogenic fungi are
found but rarely, and the saprophytic fungi which are
Tecovered are present with equal frequency in nonmal car
canals, Seborrheic dermatitis, contact eczema due to nail
polish, and neurotic excoriation are commonly found to
be causative in this region. Often an actual infection is
present, but not due to a fungus but to a bacteria, Pseu-
domonas acruginosa (B. pyocyancus), which desponds well
to polymixin B in solution (Aerosporin®, otic). Fungi-
cides are thus not likely to be of assistance 1n this dis-
order,

Lepothrix, Trichomycosis Axillaris

This nonsymptomatic disorder, exhibiung nodular
concretions on axillary or pubic hairs, 15 best eradicated
by shaving, foll, d by scrupulous clean} and meas-
ures to aveid excessive perspiration.

Piedra, Tinea Nodosa

It is usually necessary to clip the hair closely or shave
the scalp. Vigorous soap and water cleansing followed by
2 solution of mercuric chloride 1-2,000 is effective. Per-
sons in close contact with the patient must be examined
and treated if infected to present recurrence.

Chromomycosis, Chromoblastomycosis

Small and well localized areas are best treated by
curettage and desiccation  For more extensive cases, the
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systemic administration of potassium iodide to the point
of intolerance is advised. Recently, vitamin D, in maxi-
mal dosage has been recommended in addition to the
iodide,

Rhinosporidiosis

Wherever possible, complete destruction of all in-
volved tissue by cauterization or desiccation is advised.
Antimony in the form of Neostibosan 0.3 gm. on alternate
days for ten doses may be used.
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4PS 20, 21, 99
e, Chapg '} oo 18



276 Clinical and Immunologic Aspects of Fungous Diseases

G

“Gray patch” singworm, 207
See also Microsporum audouinf

H
Histoplasma capsulatum
Cultural characteristics in natuse,
149
discovery, 145
history, 145
in tissues, 155
n phagocytes, 158
predilection for certain tissues,
153
Hustoplasmin, 147
compared with cocadioidin, 165
history of, 163, 167
intracutaneous test with,
161
anergic phase of, 161
conversion of, 162
Qelayed tuberculin reaction in,
161
duration of reactivity of, 163

I4y,

areas involved in, 152, 154
association with other diseases,

association with reticulo-endo-
thelial discases, 158

cakification in, 153
causes of dissemination, 152
clmical chasacteristics of, 154
pathology in, 155
prognosis of, 154
veasons for dissemination, 157

diagnosls, 158

“epidemics,” 148

history, 143 to 148

importance of suze of inoculum,
158

immunology of, 157

1 animals, 148

parallels with coccidioidomycosis,
160

primary cutzneous, 149
clipical characteristics, 149
criteria for, 150
pathology in, 154

immediate flare reaction in, prognosis, 149
163 primary pulmonary, 150

in istop it clinjcal i 15!
162 pathology, 151, 154

relation to immunity of, 161
relation to pulmonary calafica.
ton, 161
nature of. 163
polysacchande content of, 164
preapitin reacuon with, 167
preparation of, 164, 165
protein content of, 164, 166
speaficity of, 164
standardization of, 163
Histoplasmosts, Chaps 15, 16, pp
143 to 169
clinicz] syndromes, 148

roentgenography of, 151
pulmonary ealaficanon in, 185
serological reactions fn, 165, 169
subclinical form, 147
therapy of, 169

ethyl vapillate in, 169

vitamns in, 169

Hormodendrum sp, 214

I
e
tophytid reactions)
Iodide therapy, 75, 104, 133, 181
208
1 acth i

221 (See derma:

reactions,

pared with

sis, 144
disseminated, 152

208
in blastomycosis, North Ames

iap, 133
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in coceidiordomycosts, 75
in cryptococeosts, 181

K

Kerion Celsi, 208, 209, 215, 219

L

Lepathrix, 244
therapy of, 244

M
Madura foot (See Maduromycosis)
19

Maudromycons, Chap 19, p 190
cliucal characterisues, 196
granules in, 193
organisms causing, 198, 199

Malassenta furfur, 213

Microsporum audouni, 207
source in nature, 207
fluorescence of hairs infected by,

209

trgnsmission, 207
Microsporum camus, 207, 231
fluorescence of hairs infected by,
209

source in nature, 207

transmission, 207

treatment of infections by, 231
Microsporum. felinum, 207
Microsporum fulvum, 208, 231

fluorescence of hairs infected by,

209

source 1 nature, 208

treatment of infections by, 281
Microsporum lansosum, 207
Moniliasis, 218

predusposing causes, 218

therapy of, 237
Monosporium aprospermum, 199
Mycetoma (Sec Maduromycosts)

196

N
Naan, 76
in coceschoidomycosis, 76
Nocardia asterordes, 197, 198
Nocardia branfiensis, 198, 201
polysaccharide of, 201
Nocardia madurae, 193
Nocardra mnutissimae, 214
Nocardia paraguayensis, 198
Nocardsa tenuss, 214
Nocardsae, 192, 198, 200
discovery of, 191
source in nature, 193
Nocardiosts, Chap 19, p 190

o

Onychomycosis (See Tinea of
nailsy 213

Otomycosis, 244
therapy of, 244

1
Paracocadioidin, 187 (Sec Blasto-
myan, South American)
Paracocaidioidorycosis
(See Blastomycosis, South Amer-
1can) Chapter 18, p 188
Piedra, 214
therapy of, 28
Piedrara hortas, 214
Phualophora sp, 214
Potasstum todide, 75, 104
in cocadiodomycons, 75
Pomary cutaneous complex (See
chanerform syndrome)
Prodigionn, 74
in cocadiowdomycons, 74
Properdi, 16
Pyndoxine, 76
1n cocadiondomycoss, 76

R

Rhinospondiosss, 214
therapy of, 245
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Rhinosporidium Seeberi, 214
Riboflavin, 76
1 cocaidioidomycosis, 76
Ringworm  (See dermat.ophymm)
Chaps 20 to 22, pp. 205 to 245
“Black dot,” 209
“Graypatch,” 207
Roentgen therapy, 105
in actinomycosfs, 204
in blastomycons, North Amer-
1can, 140
in eryprococeasis, 181
in sporotrichosis, 105
in tinez capitis, 233

s
Sporotrichin, 97
m complemenz fixation test, 101
in intracutaneous test, 98
I precipuin reachon, 302
nurogen content, 100
protein content, 100
Sporotrichosis, Chaps 8, 9, 10; pp
77 to 105
allergic reactions, Chap 10, p. 97,
98

clnseal types, 79
dissemrnated, 82
causes of, 82
distnbotion, 83
distuibution, 79
history, 78
wnmunty in, 99
unmunologic reactions, Chap, 10,

7
mcubation period, 80
non-tegumentary pnmary, 81
pathology, 84
primary cutaneous, 79
areas involved wn, 80, 81
chanciform lesion of, 80
experumental infections of, 81
incubation period of, 80
Iymphadencpatby in, 81
Iymphangius in, 60

Iymphatic nodules in, 80
primary lesion of, 80
reactions to  blastomydin e,
126
therapy, 104
antibiotics in, 105
iodide m, 104
susgery in, 106
Sporotrichum schenckis, 77, 78
geographic distribution, 78
growth characteristics, 91
growth requirements, 78
cource in nature, 78
in tissne sections, 84
Steroid therapy, 75
in blascomycosis, Notth Amer-
wcan, 142
in coccidioidomyeosis, 75
in cryptococcosis, 182
m erpthema nodosm, 75
. hustoplasmosis, 169
Stilbamadine, 75
m blastorpycosis, 141
m cocadicidomycoss, 75
Stilbestrol, 75
in blastomycosis, 141
in coccidioidomycosis, 75
Streptomyces sp, 198, 200, 201
Suifonamides, 75, 188, 202
in actinomycosis, 202
in blastomycosis, Souttr+ Amﬂ‘
ican, 188
in cocadioidonrycosis, 7
surg:rz) therapy, 71, 105, 139, 181,

m zckmamycosls. 203

in blastomycosis, North Amer
1can, 139

in coccidioidomycosts, 73

n fTyptococrosis, 181

in sporotrichosis, 105

T
Therapy of fungous dicaswes
@ genera), Intro X
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of specific my (Sec under Torula ica, 177

eath disecase) {Sez afso Crypiococcus neo-
using certain drugs (See under Jormans)

name of cach drug) Toruhn

Tinea {(Sce alio Dermatophytosis)
Chaps 20 10 22; pp 205 to 245
barbae, 210
therapy of, 230
capius, 206
anthropophilic (human) type,
207

chimcal forms of, 206
course of, 208
diagnosis of, 208
distnbution of, 206, 207
epidermal effluvial current in,
228
filtered ultraviolet in, 209
fungiaides 1n, 230
yoenigen epilation fm. 238

(Cryptocrus  testing ex-
tracts) 179
agglutination with, 181
complement fixation test with,
180
ntracutaneous  test
179, 180
polysaccharides of, 179, 180
precipiun test with, 181
Tnchomyeom aullaris, 214
therapy of, 244
“Trichophytin, 220
allergy to, 221
delayed tubcrautin response, 220
dermatophytid reactions and, 221
mmediate wheal reactions, 222
ntracutaneous test with, 220
mature of, 222

with, 178,

theory of 228 p content, 222
thezapy of, 231 soutce, 220
corpons, 211 Tnchophyton concentricum, 211
chmeat 211 ion, 211
diagnosis, 211 Trichophyton eratenforme, 209
cruns, 211 Trchophyton faniforme, 210
elimical 21 ypieur, 210

therapy of, 236
manuym, 212
therapy, 238
nodosi (See Piedra) 264
of nails, 218
epdermal effuvial current m.
230
fungrerdes 1n, 230
theary of pathogeness of, 230
therapy of, 241
L pedis, 212

thmeal 212

{See T mentagrophytes)
Trichophyton mentagrophytes, 210,
211, 212, 213, 219, 225, 231, 234
therapy of infections by, 231, 239
Trichophyton rubrum, 212, 213,
217,225, 235
therapy of infections by, 235, 299,
242

Trichophyton schoenlerns, 210, 218
fluorescence of hairs infected by,
210
rmhn;:hyum sulfureum, 209

therapy, 238
versicolor, 213
therapy of, 243

tonsurans, 209, 210
ﬁuorescencc of hairs nfected by,
210

geographical distribution, 200
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Trichaphylon verrucosum, 210, 211
treatment of infections with, 231
Trickophyton violaceum, 209, 210
fluorescence of hairs infected by,
210
geographical dustribution, 209
Trichosporan beigell, 214

v

Vaccinotherapy, 66, 105
in actinomycosis, 203
in blastomycoss, North Amer
jean, 134

in cocaudiadomycosis, 65
i sporotrichosis, 105
Vitamin therapy
in actinomycosls, 203
m blastormyeosis, North Awmer-
ican, 142
mn blastomycosis, South Amer-
ican, 189
in cocadioidomycosis, 76
in histoplasmoss, 169

X
X-ray therapy, 105
(See roentgen therapy)






