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Preface

With the ever-increasing importance of fungus diseases in the prachice of climeal
and laboratory medicine, A Weed has arisen for concise yet comprehensive and
wellalustrated tests on the vanous mycoses I prepanng ths book on Cryproe-
cocosis, our goal hias been to produce such a solume m which the most useful
features of a monograph and an atlas are combined.  We have attempted to de-
senibe and Mustrate fully the wide range of clinical and pathologie manifestations
produced in man and animals by the fungus, C neoformans, and, at the same
tume, to provide Tustoneal, epidemiologic, and techmeal information for those
interested primanly 1n these aspects of the subject.  An appendux of the most im-

conceived in 1848 after discussion with Brigadier General Raymnn;i Q. Dart,

then Durector of the Army Institute of Pathalogy, This plan received the
anth. PR A U PRSN I PUNBENE M S P o » . L) .
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hewg made in the feld of medical mycology, a comprehenswe pretonial and
textual treatment of all mycoses m a smgle solume would be outdated n part by
the time at was publshed  The plan therefore was changed, and 1t 15 now our
mtention to publish a senies of monographs on mdividual systemic mycoses
Thus 15 the first of the senes

Throughout the planming and preparation of this book, we have had the
constant, enthustastic support of Brigadier General Eibert DeCoursey, Director
of the Armed Forces Institute of Pathology and his successor, Captain William
M Sitiphany, USN We are deeply grateful 1o them for maling avanable to
us the unparalleled collection of chmeal data, p‘\lhulog\c matenal, photographs,
and x-ray films on file at the Armed Forees Institute of Pathology — This mate-
nal meludes over 100 cases of eryptocnccosis contnbuted from all parts of the
world  We are also indebted to Directors Dart, DeCoursey and Silliphant for
having made 1t possible for us to utihize the vast resonrces of the AFIP and the
ard of 1ts many talented employees .

This book represents the combmned efforts of a great many people-tao
many, unfortunately, to meotion all by name. There are the many contnb-
utors who willingly shared their chimical and laboratory evpenences by sub-
mittng thew valuable case matenal to the AFIP We have made every effort
to acknowledge them by name, especially m legends of the illustrations  We
have also drawn derably upon the lative experiences of our colleagues,
especially those patholagists on the Staff of the AFIP, many of whom have
wnitten on this same subject  One whose help was deeply appreciated is the late
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Miss Mary Francis Gndley  Her interest in methodology and particularly in the
histochemistry of fungi, her eagerness to help, and her friendly attitude will long
be remembered.  Several of the methods given in the Appendix are taken from
Miss Gridley's “Laboratory Manual of Special Staining Technics ™

Our sincere appreciation goes to Mr. Julius Halsman and his corps of expert
photographers who prepared most of the photographs, and to Mr. Herman Van
Cott and Mr Roy Reeves, who helped us evaluate the engravers” reproduction
of these fine photographs. Without the help of the Medical Illustration Service
of the AFIP, this work would not have been possible e wish to acknowledge
the assistance rendered by Mr L P. Ambrogi and his laboratory techmcians, Mrs
Guwendolyn M. Evans and her clercal group, Mrs Helen K. Steward and her edi-
tomal staff, and, of course, our own devoted secretaries and typists.

Finally, we wish to express our gratitude to our publshers, Grune &
Stratton, Inc, and theii editors, for their interest in our work and for the help and
cooperation given us during the preparation of this book,

THE AUTIIORS
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1. Introduction

Cavirococcoss, hnown also as torulosis and European blastamyeosis, 15 2
mycatic disease of man and animals caused by Cryptococcus ncoformans {Torula
Ristolytica, Cryptococcus hominis). This budding, yeastlike, nonm) cetial organ-
fsm has a charactenstic feature that s umgque among pathogenic fungi—the
production of o mucinous capsule m tissue and in culture,  The fungus is wide-
spread n nature, and reports of the discase it produces have come from nearly
all regrons of the warld

Cryptococens infection, thought to he airhorne from a reservorr in the soil,
may be disseminated hematogenousty fram the langs to any part of the body,

¥

Involvement of the hrain and meninges, which are p. ble, is the
usual causc of death. The bssue response to the orgamsm varies from a sparse
duction of ) to f of tuberculoid granul while sup-

g
;mmmm and caseation necrosis are distinetly unusual,

Prognosts is generally good unless the nervous system becomes involved,
under which circumstance a fatal ontcome is almost certain,  Thas fact, together
with the knowledge that there is presently no effective mechical therapy, pointedly

cates the imp of early diag and surgical excision of localized
Tesions

II. Historical Aspects

Busse® *2 anp Buscuxe® (1894-1898) independently reported the recovery of
A venstihe orgamsm from a 31 year old woman with a “gumma-hke” or "sarcoma-
fike” Tesion of the tbw, who also had lymphadenopathy and dary skin
lesions  The knee jomt subsequently became mvolved and the patient died with
multiple lesons of the Jungs, spleen, kudney, bones and shin  Busse®* 5 re-
ferred to the organisms as “Hefe” (Saccharomyces) and to the disease as sac-
charomycosis hommus,  About this tme (1884), Sanfehce™* isolated from
peaches a yeast which he named Saccharomyces neoformans, thus giving prionty
1o the species term, neoformans

The following year, Curtis™ recovered a pathogenic yeast frum a myxom.
atous tamor 10 the hip of a patient andt called the organtsm Saccharomyees stb-
cutoncus fumefaciens Villemin* recogmzng that the fach of ascospore
f i ted tns organism from the true yeasts, adapted the name
Cryptococcus homimes  The genene term Cryp had been used Hy
by Kutzing®™ to designate orgamsms thought to be algae  In 1902, Frothing-
fame d the B Buschke from a i

P 4
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2 CRYPTOCOCCOSIS

lesion of a horse. In the same year, Weis** reported that two strains isolated
by Sanfelice and Klein from, respectively, peaches and milk were microscopically
and culturally :dentical with two recovered by Sanfelice and Plimmer from human
“cancers.” Later, von Hansemann' in Berlin reported a case of “tuberculous
memngitis” in which small gelatinous cysts containing yeast cells were found in
the meninges.

The first human case of nervous system cryptococcosis (European blasto-
mycosis) said to have been correctly diagnosed ante mortem was reported by
Versé,*” who observed widespread leptomenmgitis in a 29 year old woman.
Shortly afterward, Stoddard and Cutler'*’ reported two cases of their own,
named the causative organism Torula histolytica, and described the clinical and
pathologic differences between cryptococcosis, North American blastomycosis,
and other fungus mfections. The term, which still is used widely, was chosen
because of an assumed “histolytic” action of the orgamism in forming cysts in
hissue.

In 1935, Benham® made a systematic study of 22 strams of pathogenic
cryp including pl of the origmal cultures of Busse, Buschke and
Curtis, which fortunately were among those to be found in the American Type
Culture Collection Al strains proved to be biologically similar. Benham sug-
gested retaining the name Cryptococcus honunis for the species

Throughout the years, classification of the organism has been controversial.
Since Cryptococcus neoformans has consistently failed to form true mycelum or
to produce ascospores, it has been grouped with porog yeasts
Todd and Hermann,** however, reported that the organism formed a structure
which they mterpreted as an ascus contaming one ascospore, although they did
not employ spore stains  On this basis they recommended reclassification of the
orgamsm as Debaryomyces hominis in the porog genus Debaryomy
Although a number of mvestigators confirmed this observation, others were
of the opijon that the structure represented a modified capsule rather than a
true ascus The consensus among medical mycologists at present is that the
most vahd name, on the basis of usage and pronity, is Cryptococcus neoformans,
with Cryptococcus hominis and Torula Iistolytica falling into synonymy.  In the
1952 tarzonomic studv of the yeasts by Lodder and Kreger-Van Rui,»* the or-
ganism was classified as Cryptococcus neoformans  (See Botanical classification
of C neoformans and asporogenous ycasts, page 108 )




I11. Incidence

O~GE cONSIDERED a rarity, cryptococcosts is now bemg recognized and reported
with greater freq This is & ated graphically by the curve in
Figure 1, which mdicates the remarhable upsurge of interest in this disease
subsequent to the papers of Levin™? in 1937 and Binford™ m 1941, Now that
over 300 cases are on record, papers which appear deal with larger series or with
particular aspects of the disease mn place of the sporadic case reports that were
seen in the earlier hiterature.

C. neoformans 1s the most frequent cause of my cotic meningitis in man  The
800 or so cases of cryptococcosis reported in world medical Iiterature do not
reflect the true incidence accuratzly, since, in the Umited States alone during

Fic 1-Number of re- 300
ported cases of crypto- 9]
coccostshas ‘"ﬁ"“{;’l INCREASING NUMBER OF

sharply dunng the last 280 1
oo incaden, most Likely PUBLISHED CASES OF
due to an increasing CRYPTOCOCCOSIS
interest rather than a 200 b SINCE t900.

greater madence of the
diseasc. q, Freeman™ ¢
collected 43 casesm 1931, 150 1~
b, Levin™ 60 cases in

19%7, ¢, Buford™ 70 ¢
cases m 1941, d, Cov 100 -

and Tolhurst® 120 cases ¢

in 1918, ¢, Mosberg and b
Amold™ 172 cases w30 a

1950, and f, Evans and
Harrell™ 221 cases in
1952, g, Over 800 cases - - 1 1 1
were on record by 1953 1900 1910 (920 1930 (940 1950 1960

a 4 year penod after 1949, 151 fatal cases were recorded by the Natronal
Office of Vital Statistics.™*  Approvimately 10 per cent of the 300 to 400 fatal
mycases reported annually 1 the Umted States are caused by C neoformans
The actual world meidence of all mycoses cannot be estimated accurately by
the number of published case reports, and must be considerably greater The
increasing importance of mycotic disease i the United States is allustrated by
the fact that the total deaths attnbuted to this group was greater in each year
from 1949 through 1952 than the combined fatahities caused by nchettsial,
protozoal, and helmmthic diseases

Expenence with cryptococcosts in a number of different hospitals provides
some information as to the fiequency with which the wmfection 15 recognized,
but agam these figures probably do not represent even a close approumation of
the actual meidence There were four cases 1 537,135 admissions to the
Chanty Hospital m New Orleans over a 10-year peniod 1 At the Johns Hophuns

3



4 CRYPTOQCOCCOSIS

Hosputal in Baltimore, four cases were recognized over a period of 20 years!*!
and precisely the same incidence was reported at the Mount Smai Hospital 1n
New York by Globus and co-workers **  There is good reason to beheve that
other cases remained unrecognized at these and similar institutions. For ex-
ample, at the Mount Sinai Hospital, we have personal knowledge of four proved
cases in a period of only 12 months during 1954 and 1955. It is also interesting
to note that at the Duke University Hospital, where interest in medical mycology
has been exceedingly high, 33 cases of eryptococcosis have been diagnosed
clinically over a penod of twenty-three and a half years, and pathologic diagnoses
have been made in 12 autopsied cases **

Another reason for believing that many cases go unrecognized and unre-
ported is that there is a considerable discrepancy between the clinical and patho-
logic diagnosis. The incorrect clmical impressi may be tul Jous or
syphilitic meningitides, bram tumor, or metastatic carcinoma. Incorrect patho-

\ N

logic diag of fatal eryp g phalitis are iderably less
frequent  Add 1 fatal cases gnized as eryy is are to be found
among p with malig Iympl and leukemia. The fungus infection
in such patients is almost nvariably an overwhel , widely di; d proc-

ess which, prior to autopsy, is completely overlooked, and the patient’s death
wsually is attnbuted to his mahgnant disease At the Armed Forces Institute
of Pathology, where over 60 fatal and 20 localized cryptococcal infections have
been filed, approumately one-third occurred m patients with a pre-evisng
Jymphoma or leuhemia ">+ In most of these cases cryptococcosis was not
suspected before autopsy

In view of the fact that many cryptococcal infections are diagnosed only
after autopsy and because only a small percentage of patients who dic are
autopsied, the actual neid of cryp is 15 doubtedly much higher
than that found 1 medical Iiterature or m reviews of vital statisties

It 15 even more difficult to estimate the actual inaidence of pulmonary
cryptococcosis, particularly in the absence of dissemmation  The 20 or so cases
of localized pulmonary lesions on file at the Armed Forces Institute of Pathology
have all been contributed since 1950 Experience based on these cases indicates
that pathologists have greater difficulty 1n arnving at the ctologic diagnosis of
localized infections than 1n psied cases of eryp 1 g -phaht
At times the orgamsms are not numerous and may be eastly overlooked, with the
result that the case may be diagnosed erroneowsly as “Bocek’s sarcoid” or
“granuloma of lung, ctiology undetermmed ”  Even though fungus cells may be
seen, species 1dentification based on histopathologie studies may prove mnac-
curate. In these cases, the fungus must be duf jated from B Yy
dermantudis and Histople psul

We know of no rehable data as to the frequency with which this fungus
is resp ble for mmnor, mapy wnfecttons  Shan testing programs that have
demonstrated widespread contact with other micro-orgamisms—notably Myco-
Dacterium tuberculosts, Coccwdioides immitis, Histoy eapstl Blasto-
myces dermatitidis and Toroplasma gondi—have not been feasible in this discase
since a hypersensitivity state is thought not to devclop  Recent knowledge that
thinly encapsulated eryptococar are antigemc {see Immunology, page 47) may
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radically elnnge this belief, Relatively asymptomatic pulmonary disease
does oceur as evidenced by the clinical histories and radiologse changes in
patients in whom the organisms metastasize to the brain and mcmngcs‘
Patients have been found to have pul y CIyp while hosp

for unrelated cond. (eg “ i m]r':ms in the case reported by Linden
and Steffen®t) and as a result they have bcen obsened throughout the course
of the pulmonary disease. Since some patients had minimal pulmonary symp-
toms, their infections would have been overfooked had they not been under
close medical observation.

Of even greater interest are asymptomatic infechions such as Weidman
bimself experienced. While at work in the h\mrnwr) in 1935 he eoughed up
sputum which on culture yielded an ified as Torula histolytico
(Cryptococcus neoformans) e remained well and reported this experience
15 years later’® Since pathogenicity studies and tolerance of incubation at
37°C apparently were not carried out, it 15 possible that the organism may have
been the nonpathogen, C ncoformans var. innocuons, The fact that patients
harboring even sizeable pul ¥ \¢ may be jc suggests

)}
that minor snapparent infections are much more common than we realize



IV. Source of Infection
and Portal of Entry

Cryrrococcosis has been reported from central Europe, Great Britam, Scandi-
navia, the Middle East, the Belgian Congo, South Afnica, India, the Philippines,
Indonesia, China, Japan, Hawaii, Central America, South America, Canada, the
United States and Australia (the greatest number of cases from the last two
countries). It is apparent that the disease is world-wide in distributton, Al
though the largest number of cases have been reported from the United States,
highly endemic areas of this disease, comparable to those of coccidioidomycosis,
histoplasmosis and Nerth American blastomycosis, have not been found in this
country.

According to the classification adopted by Lodder®? in 1934, there were 23
species of cryptococe, of which all but C. neoformans were saprophytic and
widespread in nature, being found on animal and vegetable material and food-
stuffs. Emmons'® found relatively avirulent species of cryptococe: to be preva-
lent 1n soil and in a vanety of rodents. The species in the genus Cryptococcus
now have been narrowed down to seven (see page 110) Saprophytic vari-
eties of cryptococer oceur n great number on the skin and in the intestinal
tract.”***  Studies by Ravits®? revealed the presence of eryptococci on the skin
of over half the normal subjects studied. We have isolated from (he air and
from sputum psulated saprophytic cryp i which are morphol

hable from pathog stramns, but they fail to grow at 37°C and arc
nvim]em These strains are now referred to as C neoformans var. innocuous.®

Pathogenic strauns of C neoformans have been recovered from the oro-
pharyny, normal sk, vagina, and gastrointestinal tract of man  Strains found
on normal skin may be morphologically and culturally indi ishable from C.
neoformans except for their Iimited pathogemaity for mice and rats *  However,
pathogemaity 15 relative, since cryptococer may gan virulence on senal passage
through young rats  Benham studied some strains of cryptococci 1solated from
normal shin and! found that they would produce splenic lesions only 1f inoculated
into vitamin-deficient ammals  This suggests that some human infections may
be endogenous, resulting either from enhanced virulence of the organism or
Towered host resistance  Such a theory seems particularly attractive to account
for those fections developing during the course of other diseases, especially
Hodghin’s disease and leukemia '

Pathogenie C  ncoformans was recovered from peaches by Sanfelieesssase
1n 1891 Although the fungus w.as also 1solated from milk by Klem?'* in 1901 and
by Carter and Young?® in 19530, 1t was not agamn encountered as a saprophyte,
umclnml to ammal or human hssues, until 1931, when at was 1solated from the

® Herafter 10 the text, © neoformans will denote the pathogeme speetes

6



SOURCE OF INFLCTION AND PORTAL OF ENTRY 7

soil by Emmons,#**"  In a further report on this work, Emmons'® pointed out
that the soil samples bore a curious and possibly sigmficant relationship to
pigeons. Eight of eleven specimens of pigeon manure collected in Gaithers-
burg, Maryland, yielded the fungus In a much larger study conducted in
Loudoun County, Virginia, pathogenic strains of C. ncoformans were isolated
from 63 (57 per cent) of 111 specimens of pigeon nests and pigeon droppings
obtaned from 19 different premmses in the county.!*® These observations re-
called to Emmons the eprd of p is p d to be histopl i
in which pigeon manure was a proment factor wn the enviconment of the
patients involved. He suggested that m the future, eryptococcosis be considered
in the differential diagnosis of similar epidemics

The respiratory tract is considered to be the usual portal of entry of the or-
gamsm, since many patients with cryptococcal meningitis give a history of recent
respiratory infection. The observations by Terplan®*? and others™472 of focal
eryptococeal lesions in the lungs and pleura of patients wath eryptococcal
meningitis Jend further support to belief i the exogenous ongin of the disease.
Additional evidence is the discovery of small, discrete, subpleural nodules as in-
uidental lesions at autopsies of patients who died of unrelated diseases

Some ewvidence does exist that other tissues, particularly skin and mucous
membranes, may be sites of pmary moculation in man as well as in animals
Freeman'** pointed out that there is reason for believing the pharyngeal
structures are the portal of entry in some cases, and stated that cryptococci
have been recovered in pure culture from the tonsils  In Semerak’s two cases
the oldest lesions were 1 the viciity of the gasserian ganglion Together with

; .

Werdman, Freeman d gic 1 the of gunea pigs
within three weeks after intranasal inoculation Others, however, have ex-
d dufBeulty in nf wuce by this ronte™*' (see Pathogematy,

)%
Virulence for Animals, page 111)

There are no reported mstances of transmusston of the disease to man from
man or anmmal, although naturally oceurring infections have been noted in many
mammalia

Recently there have been extensive outbreaks of cryptococeal mastitis 1
herds of dairy cattle, but no human cases were reported among the personnel
canng for the herds 108192 32425 Because of the heat-sensitvity of the organisms
they wonld not survive either the holding or flash process of pasteunzation (see
Table I, page 46}

Cryptococcosis has been described in patients of all ages Two-thirds are
between the ages of 30 and 60 years Males are somewhat more frequently
affected than females Most of the cases have occurred in white individuals
The greater susceptibihty of dark-skinned races observed in coceidioidomycosis
and North Amencan blast is is not " Geo-

pp m cry
graphic location and occupation seem to play httle part in the incidence of the
disease




IV. Source of Infection
and Portal of Entry

Cryprococcosts has been reported from central Europe, Great Britain, Scandi-
navia, the Middle East, the Belgian Congo, South Africa, India, the Philippines,
Indonesta, China, Japan, Hawaii, Central America, South America, Canada, the
Untted States and Australia (the greatest number of cases from the last two
countries). It 1s apparent that the discase is world-wide in distribution. Al-
though the largest number of cases have been reported from the United States,
highly endemic areas of this disease, comparable to those of coccidioidomy cosis,
histoplasmosis and North American blastomycosis, have not been found in this
country,

According to the classification adopted by Lodder®? in 1934, there were 25
species of eryptococci, of which all but C neoformans were saprophytic and
widespread in nature, being found on animal and vegetable material and food-
stuffs  Emmons'™ found relatively avirulent spectes of cryptocoeci to be preva-
lent in soil and m a variety of rodents, The species in the genus Cryptococcus
now have been narrowed down to seven (sce page 110). Saprophytic vari-
eties of cryptococer oceur 1n great number on the skin and i the 1ntestinal
tract 2122 Studies by Ravits™ revealed the presence of cryptococei on the skin
of over half the normal subjects studied. e have isolated from the air and
from sputum psulated saprophytic cryp i which are morphologically
distinguishable from pathogenic strams, but they fail to grow at 37°C and are
avirulent  These strains are now referred to as C neoformans var. innocuous.®

Pathogenic strams of C neoformans have been recovered from the oro-
pharynx, normal skin, vagina, and gastrointestinal tract of man  Strams found
on normal skin may be morphologically and culturally indistinguishable from C
neoformans except for their imited pathogenicsty for mice and rats 2  However,
pathogemicity 1s relative, since cryptococel may gam virulence on serial passage
through young rats  Benham studied some stramns of cryptococer isolated from
normal skin and found that they would produce splenic lesions only if inoculated
mto vitamn-deficient amimals  This suggests that some human infections may
be endogenous, resulting esther from enhanced virulence of the organism or
lowered host resistance  Such a theory seems parhicularly attractive to account
for those infections developmg durng the course of other diseases, especrally

Hodglun's disease and leukemia +7

Pathogentc C neoformans was recovered from peaches by Sanfelice’®3s*
m 1894  Although the fungus was also isolated from milk by Klein®! 1n 1901 and
by Carter and Young® 1950, it was not agun encountered as a saprophyte,
unrelated to animal or human tissues, unhl 1951, when 1t was jsolated from the

® Hercafter 1n the text, C neoformans will denote the pathogenic species
[}
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Fic 2—Lowlred subplun! grnulomas
interpreted as prmary sites of eryptococeal
infection A Tlis nodule from the lower
Tobe of the mght long wis an ncidental
autopsy finding 1 o 78 year old woman
who died of calaific aortic stenoss  Large
numbers of eryptococci were identified
the central portions of the granulomy X
8  Cuse of Ilaugen and Baker ™ Conrtesy
of Dr R D. Baker, Professor of Pathalogy,
Duke Unnersity, School of Medicine, Dur-
ham, N € B A healing eryptococeal
granuloma obtamed by hiopey at explora-
tory thoracotomy, proved to contun sable
by culture and pit
exammtion  The patient died of divsem-
wnated tuberculosis 7 months later  Autopsy
revcaled no evidence of nctne erypto-
coccosis, X 24 (AFIP Accession No
510705, contributed by Veterans Admims-
tration Hospital, Memphis, Tunnessee )

than 1.5 cm in the greatest diameter may be found at autopsy of patients who
have died of unrelated diseases 12

Large pulmonary lesions associated with nervous system mvolvement are
readily detected by wray studies (Fig 3) and a specific diagnosis may be estab.
lished by culture of sputum or bronc} pic aspirate or by b }
biopsy #7  Aspiration biopsy of the lung may establish the correct diagnon;,"
but this seems to be an y and dang 7 il In some cases
rather large pulmonary lesions have been shown to regress or disappear com-
pletely before the onset of symptoms of cerebral metastasis ¢

Pulmonary cryptococcosis has also been discovered in the absence of
nervous system mvolvement, and 1n rare mstances has been responsible for the
patient’s death #?#43 A few patients with pulmonary cryptococcosis who
were treated medically were said to be cured or at least were asymptomatic at
the time of reporting.*esa1staa0t  Surgical extirpation suggested by Taberte




V. Human Cryptococcosis
Clinical Aspects

Cryrrococcus INFECTION has become almost synony with i )}
litis for two important seasons  Furst, there seems to be a remarkable tissuc
susceptibility of the central nervous system and its meninges  Second, involve-
ment of the lungs and other tissues may not be productive of important symp-
toms or may be overlooked in the face of obvious meningoencephalitis  Fatal-
ties are almost invanably the result of spread to the brain and meninges  Hence,
the most important reason for early recognition and treatment of localized lesions
is the prevention of metastatic inyolvement of the nervous system.

Occasionally the disease may be limited to a relatnely localized area in the
lungs, lymph nodes, skin, bone, eye, bram, or spinal cord. Such cases, some of
which are amenable to exaisional therapy, apparently are being encountered
much more frequently today than in former years. For example, at the Armed
Forces Institute of Pathology, more than one fourth of the 80 cases of human
cryptococcosis on file are localized infections, and all but one of these have
been recened during the last five years

In the past 1t has seemed that widely disseminated mﬁctlons were much
less frequently ed m eryp than in Ii is ani
Nonh Amencan blastomycosis  However, with thorough study, evidence of

can be d rated histologically m at least half the autopsied
cases, and in those mfections complicating a pre-euistent malignant discase
of the reticuloendoth system, d 15 present in almost every
case

Recently 1t has been reported that a disease m the newborn with striking
similarity to toxoplasmosts may be caused by Cryptococcus ncoformans 11430429
We, ourselves, have not observed the charactenistic triad of chorioretimtis, in-

1 caleification and phalttis as a result of proved congenital
or 1 cryp 15 More data are required before these
reports can be accepted

1 PULMONARY CRYPTOCOCCOSIS

Although 1t 15 generally thought that the lungs serve as the portal of entry,
some have abjected to thls belief on the grounds that many published autopsy
reports of cryT hahtis have not ncluded description of
pulmonary lesions  Others, however, "have noted that the primary focus 1n the
lung may be small and readily overlooked™! 172 22 (Fig 2) These small lesions
do not produce sigmficant symptoms nor do they produce r’\dl.ologlc shadows,
hence they are missed by cl n, and path alike, un]cs;
speaifically sought Isolated, discrete, subpleural granulomas measunng less

8
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Fic. 4 —Extensve pleural effusion of six months’ duration in a 31-year-old male Japanese-
Amencan veteran whose acute illness began with chlls, fever, and chest pamn  Repeated
attempts to demonstrate tubercle bacills in sputum, pleural flud, gastne washings, and unine
were unsuccessful. One year after onset, the patient died of carduc amest (pontocame
sensitvity) duning preparation for bronchoscopy  Autopsy revealed the meht lung to be firmly

adherent to the pmml pleura and duphrag Mutuple plaque-like nodulae l
measunng from 01 to 20 cm n dumcter weve present in the adherent pleural layers and 10
the subpleural parenchyma  On Istons numerous typical

mucicarmine-positi e ery ptococct were scen  There was no evidence of dissemunation  (AFIP
Accession No 430667 )

i 1937 has been reported by othersosssiinaesansssendit gnd i the case
angmally reported by Froio and Bailey, an 8-year cure was obtained.”* In one
case on file at the Armed Forces Institute of Palholog) the pahent was well

4 years after ofab

fol-
low-up 15 essential 1f claims of cures are to be accepted as 1llustmted by Palmrose
and Losl’s®™* first case m which death occurred 3 years after the pulmonary
lesion was resected

There is hittle that is charactenstic about the signs or symptoms of pulmonary
cryptococcosis, and, i fact, many cases are asymptomatic. Symptoms of pul-
monary eryptococcosis when present are cough, scanty mucord sputum, and in-



- Y

(2]

T 3~Ducrete pulmonary granuloma due to C neoformans first detected during
routine physical exammation when patient was asymptomatic The lesion was not treated
surgically  About two and a half months after admission the patient first noted headache,
and within a month died of mc phalitis  There was fi change 1n the chest
v-ray films duning this three and a half month period A Discrete but not sharply circum-
scribed Jesion 1n the nght lower lung fild B Same lesion demonstrated by lmmograph
C Lungs abtained at autopsy, sectioned longitudimally and the posterior halses removed  The
pulmonary granuloma (arrows) hes beneath the pletra but occupes much of the middle lobe
of the nght lung Pleural reaction 1s mmmal (See akso Fig 504 ) Case reported by
Ratchffe and Cook*® (AFIP Accession No 288527.)

10
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Mediastuutis aod direct extemsion to the neck or to the chest wall may oceur,™
bt these are unusual complications,  Some asymptomatic infections ase detectedd
only by x-ray examination.

" Roentgenograms of pulmenary cryp is show Jerable variation.
The most commen fesion appeass to be a solitary, moderately dense area of in-

Fic 6 ~Muluple discrcte and confluent densittes are present w the lower half of bath
lang fields. There is shghtly mcreased prommence of the bronchos ascubsr markings t the

bular areas  (AFIP Negatne No 21863410 Courtesv of the Depastment of Radiolagy, The
Chanty Hospital of New Orleans )

Bltration in the lower half of the lung fields, varying m size from 2 to 7 em (Fig
In time, the mfiltration slowly extends penpherally lahng pt
lung abscess, or hydand cyst However, there is httle or no hilar enlargement.
In some cases there 1s vistually no roentgenographsc change (Fig, 5) or the lesion
may vegress and disappear ' 2 These solitary lesions are amenable to surgical
exturp {see Surgical Ti of Localized Lestons page 121). Occason-
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frequent hemoptysis. Oceasionally a eryptococeal focus may erode a bronchus
and rupture into it to cause a heavy discharge of mucoid sputum containing
large numbers of eryptococei, There may be, in addition, low grade fever,
pleuritic pain, malrise or weight loss, but only rarely are these symptoms
promument. In contradistinction to tuberculoss, night sweats seldom occur.
The course of pulmonary cryptococeosis is usually subacute or chronic and is

Frc 5_A small area of mfiltration 1 the right upper lung field was observed over a 16
month period with esscatlly no change in appearance When the patient developed
hemoptysis, the lesion was resected A Xeray, November 1952, B v-ray, Apni 1951, prior to
surgacal resection of imvohed lung  See Fig 47 for unusual lustopathologic features of this
case (AFIF Accessin No 654575, conttibuted by Valley Forge Army Hosprtal )

1

accompamed by few local or 1onal signs and O
the pulmonary mamifestations may be severe, such as i the fulminant case of
Sheppe's™ which was accompamed by fever and signs of pulmonary consolida-
tion, and which proved to be fatal 2 months after enset

Physical examination reveals signs of bronchitis or pulmonary consohdation
Dullness to percussion and dumnished breath sounds may be found. When
mitliary lesions are present, moist rilles may be heard over the lung apex or at the
base A pleural friction rub may be detected  Fleural effusion 15 mfrequent,
but when it is present (Fig 1) a specific diagnosis may be established by
thoracentesss and direct examnation or culture of the withdrawn flind 1932
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tends even to the gross appearance of the pulmonary lesions.  On histological
exammation, hiowever, they appear carly as masses of cryptococct with little in-
flammatory reaction or later as granulomas, and thercfore have been ealled
gelatinous or granulomatous miliary tubercles by Baker and Haugens

Coin lesions of the type characteristic of coceidioidomycosis and histo-
plasmosis are rarely observed in eryp is 347 Thin-walled cavitics are not

! p
! ¢
L. - N
Fic 8 -Widespread bilateral pembronchial filtration  Case 1 reported by Collins ™

(AFIP Accession No 537918 Courtesy of the Depattment of Radiology, Presbyteran
Hospita), New York City )

formed  Rarely, small areas of radwolucency representing cavities may be seen
within the dense pulmonary nodules (Fig 11) = Shadows fannmg out from the
lung root and king bronchog are rarely d m this
disease and are more charactenstic of North Amencan blastomycosis, while
pleural reaction ts more marked 1n actinomycosis

Judging from the marked logic varations mn g y eryptocoe-
cosis, 1t 1s necessary to include 1t m the diffe al & of pul y dis-
eases of slow evolution such as primary and secondary carcinoma, sarcaidosis,
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ally these relatively well defined nodules may be multiple, 1 which case they
resemble metastatic neoplasms (Fig. 6). g

A second type of pulmonary lesion is a broader, more diffuse preumonic
infiltration usually involving the lower half of the lung fields*™* (Fig. 7). In-
fltrations increase tn oxtent and when this oceurs, bronchovascular markings and
small nodular shadows are sometimes accentuated. Healing may result {n shght
restdual fibrosis,’ss Although most cases show minimal pleural reaction, in

Fic 7 —Pneumomec consohdation, pleural thickening, and atelectasis, left lower lung

field, accentuated bronchovascular markings, right lower lung Geld  (AFIP Negatve No
218634-23  Courtesy of the Department of Radielogy, The Chanty Hospital of New Orleans }

others the parenchymal lesion may be obscured by pleural thickening and

effusion (Fig 4) Orgamzing bronchopneumonia has also been described *
A third type represents a more extensive penbronchial infiltration which
These may progress to form woolly sh‘ndo:vs," and
Yoci

may be bilateral (Fig 8)

may become widespread and massive g those of ad

(Fig 9) Caseation necrosis or cavitation seldom oceurs and fibros:s 1s mmimal
phadenopathy 1s not 3t and there are no areas

or absent Hilar ly

of pul ry collapse or
When the cryptococcus dissemmnates, as 15 often the case m patients with

pre-existing mahgnant Jymphoma or leukemia, 1t is hikely to produce a fourth
radiologic type appeanng as widespread minute lestons of the lungs, indis-
tinguishable from miliary tuberculosis (Fig. 10). The striking similarity ex-

1B
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Fic To. -)hh.\ry densities ave present throughout both lung felds  Patient died of
eryptococeal meningoencephaliis and renal lesions containing cryptococes were found at
autopsy  Microscopic examination of the Jungs and medustinal lymph nodes revealed wide-
spread mvoh ement by non caseating rpllhehmd tubercles 1dentical with those of sarcordosis
(Fig 44) Cryptococet were not demonstrable m the pulmonary lesions  (AFIP Acecssion
No 606693, buted by Veterans Ad Hospital, Atlinta, Georgia )

2 CRYPTOCOCCAL INFECTION OF THE CENTRAL
NERVOUS SYSTEM

Mamfestations of nervous system imol may begin tously without
prodromal symptoms A Iustory of a recent upper respiratory or pulmonary
may be ob d dache 1s often the first complaint and 1s mter-

mttent at onset, later | and prog ly more severe
The patient may be stnchen suddcnl)’ with vertigo, faintness, vomiting and
violent agomzing headache The pam appears most frequently m the frontal
and temporal regions, over the siuses or behind the eyes, and least frequently
i the ocaipital area  Patients often present lhemselves with tightly closed eyes
and gnmly drawn mouth, g g nn This severe
form of headache 1s usually 1 with wid 1 myasion of
cerebral tissues 1312 The histories of most putlents are domma!ed by headache
General physical and neurologic examination of the patient reveals a primary
disturbance of the central nervous system and sugges!s memngms or an expand-
mg mtracramal lesion  IF chrome resy o Iymphadenopathy 15

Y
also present, a clmical dragy of tuk g may be
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Fic § —Extensive bilateral pulmonary cryptococcosss sumulating far ads anced tuberculosis
(AFIP Negatne No 218634-24 Courtesy of the Department of Radiology, The Chanty
Hospital of New Orleans )

hydatid cyst, chrome pulmonary tuberculosis, chronic lung abscess, bronchiecta-
s1s, pneumoconiosis and fungus mfections other than cryptococcosis  In duffer-
entiating pulmonary cryptococcosis from other diseascs, 5 radiologie character-
1stics are important

(1) Precilection for the lower half of the lung ficlds.

(2) Rare cavitation,

{3) Mimimal or abscnt fibrosis or caleification

(4) I it lular lymphadenopathy

(5) Infrequency of massive pulmonary collapse.

In the diagnosis of pulmonary cryptococeoss, recovery of the etiologic agent
from the sputum 1s just as important as m p y tuk \! , pathog
C neoformans, like the acd-fast bacllus, 1s normally absent from the sputum,
and when found there, permits a definitive diagnosis It 13 imperative, therefore,
that any encapsulated yeast recovered from a source in the body other than the
central nervous system be 1dentificd preciscly, and that it fully satisfy the critenia

for identification of C neoformans (see page 118).




THF HUNAN FORN{, CLINICAL ASPECTS 19

weight and strength unless resort to forced fccding_is made, The patient tay
have dificulty fn swallowing and may be unable to take medication arally.
Bonel and bladder disturbances are infrequent since cord Jesions are are
Symptoms of acute infection and toxemia are usually absent. ;
The usual course of cryptococcal ingatis is one of p ¢ 0
tion until death supervenes, but it is slow er than that of tuberculous meningitis.

1

Fic 12 _Bilateral papd cryptococeal mentngoencephabtis A
Right eye ¥ 20 B Left eye X 20, (AFIP Accession No 176358, contnbuted by
Station Hospital, Fart Bragg, N. € )

However, there may be a static period during which the mfection seems to be
arrested and the symptoms abate The periods of remussion have led to er-
roneous conclusions regarding the beneficial effect of vanous therapeutic agents
emploved durnng the exacerhations Beeson®™ reported the case of a young
woman who had repeated exacerl and i of cryp 1 menin-
gihis over a penod of almost 16 years during which tme she completed 2 suc-
cessful pregnancies and had 2 abortions  Her death was the result of marked

1l thickening and hyd: hatus (Fig, 14). As a result of his expen-
ence, Beeson concluded that i view of the great chronicity and tendency to
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offered.  However, there is but hitle fever and the pulse and blood pressure are
often unaltered.  Nuchal rigidity is a common sign and is occasionally associated
with tenderness of the neck, back and skull. Kermg's and Brudzmshi’s signs
are frequently positive. Marked papilledema (Fig. 12) and retinal exudates
are common, due to the greatly mcreased cerebrospinal fluid pressure.
Ambylopia may be the result of this, or a lesion of the optic nerve™ (Fig 13)
Diplopia, strabismus, nystagmus, anisocoria, ptosis and loss of pupillary reac-
tvity to hight are frequently observed. Other ocular disorders recorded by

Fic 11 —A fanly well outhned, discrete area of consohdation 1s present 1o the left lower
lung field In the center of the lesion 1s a loculated zone of dimunished density interpreted
as early cavitation  The patient died as a result of extensne cryptococcal menngoencephabis
(see Fig 55) At antopsy, a firm srregular granuloma was found 1n the middle of the left
lower lobe (se¢ Fig 49)  On macroscopie examination, small foer of necrosis with cavitation
were scen  (AFIP Accession No 270523, contributed by Veterans Adnumstration Hospital,
Alexandria, Lowsiana )

Weiss, Perry and Shevky*™ were photophobia. neuroretnitis, reftmal hemor-
rhages, primary optic nerve atrophy and ophthalmoplegia

In older patients mild changes m the sensortum may appear, such as -
ritability, restlessness, forgetfulness, apathy and confusion, but rarely disonenta-
tion Patients may be talkative or abnormally uncommunicative  Disturbances
of sleep, erther somnolence or mnsomnua, are frequent Tinmtus 15 rare and
deafness occurs only 1n the late stages  Paresthesias are unusual and hemparesis
and hemiplegia are often later mamfestations Tendon reflexes are venable and
hyperreflexia 15 occasionally seen, but patellar and Achilles refleves are often
diminished or absent, Anoreia 15 common and results i pronounced Joss of
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hemorthage, and uncinate herma,  Appropriate neurosurgscal procedures may
gne symptomatic relief, and in yare mstances of localized lesions amenable to
complete extirpation, “cures” have been reported, 1 T )
Roentgenographic findings in the skull may suggest an expanding intra-
cranal lesion {Fig 15). 1 1 convol al kings, suture separati
and atrophy of the dorsum sellae and chinoids will suggest intracranial hyperten-
sion. The pineal gland and choroid plexus may be displaced.  In a series of 31

- B

Fic 14 ~Extensne bram
damage snd mternal hy-
droccphalus due to
chrome cryptococcal an-
fection, all fonr ventncles
are widely dilated  Case
reported by Beeson®
(Photographs obtained *
through the courtesy of |
Dr W H Sheldon, Pro-
fessor of Pathology,
School of Medicine,
Emory Uniherity )

cases of cerebral eryptococcosis, x-rays of the skull were abnormal 10 13 (42
per cent) ©

Differenttal diagnos:s in cases of nervous system cryptococcosis depends on
whether myvol 13 diffuse or Jocalized In the more frequent cases of gen-
eralized cryy 1 2 phabitis the clinical picture resembles tuber-
culous memngihs closely and the sptoal fluid changes may also be indistinguish-
able except by cultural means  When roentgenographic changes in the chest
are suggestive of tuberculosis (Fig 9), the chmeal diagnoss of tuberculous
meningitis 15 given added support  However, if the vray suggests bronchogenic
or metastatic carctnoma (Figs 4, 6, 7 and 11), the neurologic manifestations
may be mterpreted to be due to metastatic tumor  In such cases spmal fluid ple-
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spontaneous remissions, caution should be excraised in accepting reports of
“recavery” m patients with cryptococcic meningitis.
Eventually signs of increased cerebrospinal pressure appear, and bilateral
papilledema or neuroretimtis becomes pronounced Tremors and ataxia are
and are late ifestations In almost every mstance cerebrospinal
flurd pressure is mereased, often to 700 mm, water. The patient becomes un-
responsive and dnfts off into sleep or semicoma from which he is aroused with
difficulty. He seldom becomes violently exaited and more often sinks into a
low muttering delirium.  When spinal or ventricular puncture is performed for

ROl 8

RN
s -

from
the brar = pul
septae
removal of flud, the reduction in mtracramal pressure may restore the patient
to consciousness and coherence, but he soon smhks back mnto deepenmng coma
He may have occasional attacks of Jacksoman epilepsy

The moribund patient has an elevated temperature and pulse rate and
usually exhibits flaccrd paralysis of the extremities  Superficial and deep re-
flexes disappear  Eventually the respiratory center 1s affected and respiration
ceases. Although there are fulmmant cases m which the patient dies of men-
mgoencephalitis m & weeks or less,™’ the usual duration 15 approuimately 6
months  Chronic infections lasting a number of years are also on record ! 23743"

A study of 178 case reports of eryptococeal infection of the central nervous
system by Carton and Mount'” disclosed that surgical procedures had been
carried out m almost one-fourth of the cases because of clmical mdications of
an expanding intracramal or ntraspmal lesion In such cases the preoperative
dragnoses may melude neoplasm, abscess, subdural hematoma, subarachnord
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The diag of neurosyplilis may be suggested when by id,
routine blood and spinal fluid scrologic tests for syplulis are positne, and espe-
cially when such scrologic evidence 1s coupled with a collowdal gold reaction of
a strkingly “parctic” or “tabetic™ type of spinal fluid  In reviewing case his-
tories of cryptococcal meningitis, one 1s struck with the frequent reference to
benign lymphocytic choriomeningitis as the frst clinical impression, however
this virus disease is differentiated by ats short and bemgn chimeal course and by
the absence of fungus cells in the spinal fnd. Rarely does cryptococeal menin-
gitis pursue a fulminant course, but when it does, 1t may be mistaken for bae-
terial meningatis.

f —_— .
Fic_ 16 —Hemonth P | granuloma in postenor half of nght cerebral hemi-
sphere, meninges appeared normat. (Courtesy of Professor W St C. Symmers, Channg Cross
Hospital Medical School, London, England, us Case 1, published in 1053 %)

In older indviduals with 1 or hyp card 1
disease who have d cerebral eryp is, the develop of neu-
ropsychiatne 3 istahenly may be buted to multiple small cerebro-
vascular thromboses or hemorrhages.

When the cryp 1 \! 1s Jocahized in the bram or spmal cord,

the ) and e signs produced are usually suggestive of tumor,
abseess, subdural hematoma, or uncinate hernta (Fig 16)  Diagnosis by spinal
flnd examnations 15 less readily established than when the process 1s 2 diffuse
menngoencephalits  In cases of this type frequently the correct diagnosts 15
made only after the neurosurgeon has resected or biopsied the lesion

Spinal flmid pleocytosis may or may not be present The memngtides of
North Amernican bl , ioidomy . X ocard
and momihasis are differentiated rehably only by recovery of the causative organ-
1sm from the spinal flurd or other tissues

Localized granulomas of the bram or spinal cord can occur with or without
leptomeningitis  On the other hand, the picture of an expanding intracramal
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JUPTI O S
Fic 15 —Cryptococeal memmgitis stmulating neoplasm of the bram stem  The ventriculo-
encephalogram, A, shows an obtuse angle of the aqueduct of Sylvius and paor flling of the

astena pontis and mterpedunculans A rounded mass can be seen (arrow) pust behind the
1 hal 1h d mB  (Cour-

P or 24
of Radiolagy, Neurological Institute, New York )

postenor chnoids  Normal
tesy of Dr J Taveras, Dep

ocytosis and a lowered sugar or chlonde value should stimulate search for an
infectious agent The shorter climcal course of tuberculous menmgitis, the
greater frequency of the disease m children than in adults, the presence of a
proved tuberculous focus m the lungs or Iymph nodes, and the demonstration of
causative orgamsms in the spmal flmd by direct exammation or culture serve

to differentiate the two drseases.
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wlcers of the face which ewnded glairy sticky pus, and which appeared before
the *lesion” of the knee At first they were acneform and pointed. Later their
apices became necrotic and the lesions formed small coalescing ulcers, which
contained tenacious brownnh red pus. Identical yeast-lhe organisms were
isolated from this material and from the hnee, Buschhe reported spontanecus
healing of some of the facial lesions in this case and even produced a similar
eruption by injecting the organism into the patient’s shin  Rappaport and
Kaplan's*™ patient with fatal cryptococcal meningitis also had an acneform
lesion on the forehead 26 days following onset of illness It was a pointed in-
durated papule which became encrusted and appeared as an escharotic, red-
dened ulcer at autopsy. Histapathelogic exammation of the shin revealed enly

HIHNNIH uluii“lll“l“lll“ll'liH'"Inum\l'.'\’l\h
17 18._.719 2 O oy

Fie 18-5urgm| specumen fesected subcutaneous cryptococeal granuloma of arm  The
shiny mucord appearince of the cut surface resembles that of a mysomatous neoplasm
From same patient illustrated in g 17 (Couttesy of Dr F Linell, Lund, Sweden )

a few cryptococei in the deepest layers of the epid and 2 heavy infil
of the conum indicating the systemic nature of the disease

Lmell, Magnusson and Nordén,2** ** reporting on the first case of erypto-
coccosis observed m Sweden, descnibed cutaneous and subcutaneous lesions,
Therr patient, a 57 year old man with resp plaints, had pul
mfiltration of 4 years’ duration presumed to be due ta sarcordosts Subscquendy
he complamned of headaches, and a number of pustular and acneform lesions
appearcd over the face and neck  Biopsy and culture established the diagnoss
of cryptococcasis  Several of the facial lesions grew rapudly to form large
strawl:crry-hl\e masses (Fig 17) A subcutaneous tumor the size of a walnut
and a my 1 on cut section (Fig, 18) was then
evaised from the arm Nine months after the appearance of cutaneous mani-
festations and more than 5 years after onset of mitial symptoms the patient died
Antopsy revealed widespread dissemination of the fungus
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lesion can be produced by diffuse eryptococcic meningitis with negative spinal
fluid and in the absence of granuloma ®®  One example of a localized cryptocoe-
cal mass appearing as an expanding intracranial lesion is illustrated in the ven-
triculograms of Figure 15. These were made by Hochstetter'™ at the Neuro-
logical Institute, New York, in the case of a 59-ycar-old white woman who had
chronic headache, fatigue, nystagmus, ataxia and other abnormal neurological
findings due to chronic eryptococcal meningitis  Elevation of the floor of the
third ventricle and poor filling of the cisterna pontis and interpeduncularis in the
ventriculo-pneumoencephalogram were iterpreted as evidence of an extra-axial
mass ventral to the pons The patient was not treated surgically, but received
Actidione intrathecally and intramuscularly with good results, She remained
asymptomatic 4 years after her discharge from the hospital in 1931,

3. INVOLVEMENT OF SKIN, MUCOUS MEMBRANES AND
ADJACENT STRUCTURES

1t is of interest to note that the first human case of ery, p&ococcasls reported

by Busses? is also the first recorded ple of cryp ion of the
skim  The cutaneous lesions of that case are desenibed*®s 24z a5 small circular

Fic 17 —Cryptococcosis
of skin Muluple lesions
of varying size are pres-
ent over the face and
neck. The smaller le-
stons {arrows) are acne-
form nodules and pus-
tules, while the luger
growths actually resemble
strawbernes m size and
general appearance
From the fist recorded
casc of eryptococcosis n
Sweden, pubhshed by
Lunell et al™® (Sce
also Figs 18 and 65)
{Caurtesy of Dt F Linell,
Department of Pathology,
Lund, Sweden AFIP
Accession No 701626 )
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Fic 20 —Widespread facul lesions resembling smallpos sp a 7 car-old boy who had
massive lymphadenopathy, abdommat enl due to hepatosy caly, general de-
bibty, profound anemna, and lymphocyte counts of 70 and 76 per cnt  The chuld died after
ten days of hospitalization {about 3 months after onsct of Jus Mness). Autopsy revealed
widcly disseminated eryptococeal sfection,  Case reported by Soysal, Unat, and Tahsinoghu™
(Courtesy of Dr Unat, Istanbul Univessity, Istanbul, Turkes )

Fic. 21 ~Uleerative cryp-
tococeal granuloma which
was thought to be a ro-
dent ulcer The lesion
developed after the pa-
tient scratched  lumself
Subsequently, he had
senes of convulsie sesze
ures and died  Autopsy
revealed 4 lirge space-
occupying eryptecoccal
granuloma of the bramn
(see Fig 16) (Cour-
tesy of Prof W St C
Symmers, London, Eng-
land )
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Fic 19 —Extensive cuta-
neous cryptococcosis 1n a
8l-year-old woman with
granulocytic leukemia,
In additton to the broad
areas of mvolvement
about the right eye, lft
nostal, and hps, there
are acneform eruptions
of the forehead and left
eyekd (arrows) Dus-
crete papules were also
present over the upper
extremities  Case 1 re-
ported by Cawley ct al”
(Courtesy of Dr E P.
Cawley, Department of
Dermatology, Unnersity
of Michigan ) (See also
Plte 14,)
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Fic 20—Wid factal lesions bling smallpox fn a 7- year-old boy who had
masswse lymphadenopathy, abdommnl enhrgement due to hepatosplenomegaly, general de-
bility, profound anemua, and lymphocyte counts of 70 and 78 per cent The cluld died after
ten days of hosmitalization (about 3 months after onsct of lus illness)  Autopsy resealed
widely disseruinated cryptococeal infection  Case reported by Soysal, Unat, and Tahsmogla *
(Courtesy of Dr Unat, Istanbul Unnersity, Itanbul, Turkey )

Fic 21,—Ulcerative cryp-
tococeal granuloma which
was thought to be a ro-
dent ulcer The lesion
developed after the pa-
tient scratched  humself
Subsequently, he had
senes of convubive seiz-
ures and died  Autopsy
revealed a large space-
occupying cryptacoccal
granuloma of the bran
(see Fig 16) (Cour-
tesy of Prof W §t C
Symmers, London, Eng-
Lind *)




CRYPTOCOCCOSIS

Fic 22 -A Cryptococcal osteomyelins, of the mddle phaliny and proumal mter-

phalangeal joint of a 59-year-old male Puerto Rican with no other evidence of infection  The
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The first review of cutancous cryptococcosts was presented by Wilet
whose pat'ent with Hodghm's disease had indurated lesions of the skin of the
Tower extremuties  Sections through the skin revealed massive infiltration of the
corium with eryptococes, Iymphocy tes, fibroblasts, and plasma cells, but no poly-

1 lear lenhocytes.  Org; were free and also were contained within

gmn‘l cells.

Relatnely Iittle attention has been given to the cutaneous manifestations of
cryptococeosis, yet imolvement of the skin and mucous membranes occurs more
frequently than 1s nsually suspected  Cawley, Grehin and Curtis,*® in sum-
manizing 120 cases of cryptococcosis, pointed out that 13 patients had cutancous
mamfestations of the disease It was noted that mfection of the shin produced
acneform lesions, papules, nodules, abscesses, uleers, superficial granulomas,
plaques resembling ecchymoses, and sinus tracts (Figs 17-21). One fatal case
has been reported in which a diagnosis of measles was made because of a gen-
erahized mortilliform eruption, photophobia and headachie at onset of the
clinical disease ™ Cutancous lesians have involved the face, scalp, neck, trunk,
and extremities.  OF the vanous eruptions enc 1, only those of i
character appear with sufficient regulanty to be of diagnostic signifizance
They arz imtially small, comcal and non-tender (Fig 19), then enlarge slowly,
ulcerate and coalesce with other lesions to mvolve broad arers  Several
cases with severe facial disfigurement have been reported (Figs 17, 19, 20,
and Plate IA) Lesions resembling furuncles were produced in a monkey by
Wedman 2

Direct extension of cryptococeal infection from osseous lesions to overlying
subcutancous tissue and skin may occur* (Fig 22). Involvement of the
mucous membranes may be the result of spread from a contiguous lesion or may
occur mndependently,  Mucosal infections have appeared as nodules, violaceous
granulations, tumor masses and superficial ulcerattons of the hard and soft
palate, tonsillar pillars, tongue, gums, nasopharynx, and nasal septum @+
Cryptococeus infection of mucous membrane may also cause formation of a
tenacious, mucord membranous exudate ¢ The current literature indicates that
the mucous membranes are affected only abaut one-third as often as 1s the skin,
while in earlier reportst*t 147 a reversed relationship was noted * E L Jones®®
reported a case in which there was extensive cryptococeal infection of the naso-
pharync in a patient whose chief complamts Included deafness and tmnitus
Treatment consisted of repeated exaision of mucosal nodules followed hy

lesion developed after a box fell on the finger  One week after wnpury, v-rays (not shown
here) revealed 2 poorly defined cyst-hke structure 1n muddle phalans, broadening of the shaft
and thinning of the cortes, and a faiat haear fracture of the lteral cyst wall These ob-
servations suggested a fracture through a chondroma  Patient returned seven and one-half
weeks later, at that time he stated the finger had “brohen open” and dramed dirty, foul mate-

ral B and € Xrays revealed | of the d. process with my ol ement of the
proumal mterphalangeal jount, all consistent swith osteomyelitis  Amy was performed
through the proumal phalinx D Muroscopic revealed a gramu

osteomyelibis with extension into jomnt and through bony cortex to the shin  (See also Fig
46) {(Case contnibuted by Dr W B Crawford, $ A Surgeon, USPHS and Dr H H Leffler,
formerly Pathol dence Mospital, Wasl , D € AFIP Accssion No 60653 )
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cauterization of their bases, potassium iodide, and x-irradiation. Two years
after the patient was first seen, the infection was considered arrested.

Cutaneous and mucous membrane involvement m man is usually & mani-
festation of disseminated infection. Seldom has there been convincing evidence
that a particular Jesion represented a primary infection. Johns and Altaway*!
however, reported a small superficial erypt ! granul that developed
at the angle of the jaw after mjury by a razor cut. The patient later died of
meningitis caused by the same orgamssm  Although an autopsy was not ob-
tained, this was thought to be an example of a pnimary lesion.” Berghausen®
recorded an instance of cryptoceal infection developing at the site of injury to
the tongue caused by a piece of hot steel

While the data in animals suggest that inoculation 15 an important means
of entry (sce Cryptococcosis in Animals, page 39) cutaneous lesions developing
mn man comcident with trauma should not necessanily be mterpreted as evidence
that the fungus was introduced exogenously by moculation. Symmers™ first
patient had a pamnless facral lesion situated anterior to the right ear “at the site
of an abraston while shaving” and another on the nose “where he had acaidentally
scratched himself with a finger-nail”  Both appeared as typical rodent ulcers
(Fig 21). Exacsion and lustopathologic exammnation of the preauricular Jesion
revealed it to be a cryp 1 granul M. hile a third lesion appeared
at the site of a razor-cut on the chin  Although cultures of the spinal fluid, blood
and sternal marrow remained stenle, C neoformans was recovered from the
cutaneous ulcers, sputum and unne. The evaluation of the patient’s history in
a case of this sort may vary. It seems unhkely that exogenous infection
should be introduced on three sep from soil, milk, fruit or other
sources, Since the sputum did contain orgamsms, it is possible that the patient
may have remoculated himself It seems less plausible to suggest that the
cryptococci lodged i the shin hematogenously after trauma since healing of the
surgical wound occurred without compheation after exaision of the preauricular
lesion  However, cut: or sub: lvernent has occurred follow-
mg surgical masion of decp-seated lesions ** The most hikely explanation is
that the lesions spread hematogenously to the skin and remained unnoticed by
the patient until the time of minor trauma

4 INVOLVEMENT OF BONES AND JOINTS

The first case of asseous cryptococcosis was the famous Busse-Buschke case.
The paticnt was a 31-year-old woman with an infection of the tibia which spread
to the knee and subsequently mvolved the lungs, spleen and hidney.  Since that
time bone mamfestations have been reported m approvimately 10 per cent of
the cases, less than that which occurs m North American blastomycoss, coc-
adioidomycosis and actmomycosis  Collins,® who reviewed 200 cases of
cryptococcosis, found 17 mstances of bone mvolyement and added 3 new cases

In reviewing case reports of osseous cryptococcosts, one notes the associa-
tion of both pamn and swelling with the bony lestons  For example, the patient
of Smith and Crawfords® had pam m the left shoulder and anm for 1 year, as
well as a diffuse, smooth swellng over the scapula  Biopsy of this bon.e sug-
gested Hodgkin’s disease and wrays suggested osteogenic sarcoma A review of
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the sections after autopsy showed a fow seattered and degencrated eryptococer
in fibrous tissue,  Mider, Smith and Bray®™ reported a patient with an indurated
painful swelling over the right sternoclavicular joint which produced a thick
sanguinous flurd when mcised. At autopsy, the surfaces of the jomt were found
to be eroded. In Jesse’s** patient the initial symptom was pam the right hip,

Frc 23~A X-ray showing localized area of bone destruction 1 provmal end of humerus
with sharp scalloped margins and without bone reaction B, X-rays sixteen months later,
the lesion has enlarged shghtly, the margins are less distinct, and there 15 no evidence of
periosteal reaction Tits was a 27-year-old woman whose illness began with a profuse
postpartum saginal dhscharge  Orver a penod of two years the patient had numerous hospital
admissions because of septic end phlebitis, and 1 Involved bones -
eluded the humerus, cranium, vertebrae and pehis (Fag 26). Virulent C neoformans was
cultured from a lesion n the nght thum and from an abscess of the scalp The patient died
with signs of basilar meningts, and autopsy confirmed the diagnosis of generahzed eryptocoe-
costs  Case 1 reported by Collns, (AFIP Accession No 537918, contributed by Dr M N
Ruchter, Professor of Pathology, New York Umversity School of Medicine X-rays obtamed
through courtesy of Dr R VWigh, Department of Radiology, Presbyterian Hospital, New York
City,)

which awakened him at mght. X-rays revealed a cyst 2 em m diameter in the
mferior ramus of the nght pubis  The cyst was removed surgcally by resecting
the major portron of the right mferior pubic ramus and the patient was well 1
vear later  In Collins"® Case 1 there was pain in the shoulders, hands and legs
and tenderness over the right humerus, nght shac crest and pubic bones  X-rays
revealed multiple arcas of bone destruction in the humerus (sce Figure 23),
skull, 3rd lumbar vertebra, nght iliac wing and both isclual tuberostties. Chest
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ray revealed widespread peribronchial infiltration (Fig, 8). Pain also was a
symptom in Collins’ Case 2, n this instance in the right shoulder and hip.
X-rays showed well defined areas of bone destruction in the right scapular spme
and in the alae of both 1hac bones

Isolated lesions of bone, not associated with disseminated infection, are very
unusual (Fig 22). However, 1t is in such cases that chmical diagnosis 15 most
important and difficult, since these isolated lesions are likely to be considered

Fic 24 —X ravs of osteolytic lesions of, A, proumal ends of radis and, B, humerus m a
53-year-old white man who also had osseous lesions of the femur and um  The patient died
of cryptococcal memngoencephalitis after a chrome relapsing febrle illness of 10 years dura-
won € Sewtion of the proumal humerus revealed rounded masses of mucoid anflammatory
evudate within the marrow camvity Case reported by Wiener™ (AFIP Accession No
193897, contnbuted by Veterans Admmstration Hospital, Coral Gables, Flonda )

mahgnant neoplasms® 772" untl the correct diagnosts is made by recavery of
the orgamsm

Most bone infections represent hematogenous dissemination of the or-
gamsm and are assocrated with widely distributed, multiple, discrete lestons
(Figs 23, 24 and 26)  Although prachcally every bone has been mcluded in
the reported cases of osseous cryptococcosts, there seems to be a predilection for
bony prommences™ (Fig 25), cranal bones and vertebrae  Joint lesions are
extremely rare and, as in other sy y , are d with mvolve-
ment of the adjacent osseous structures (Fig. 22) In ut_h.er cases, the hone
15 mvolved by direct extension from a primary lesion located in the adjacent soft




Frc. 25 ~Ostealytic lesion wth sharply scalloped margns in provimal end of tibia  There
15 complete destruction of bbual tubercle  (Courtesy of Dr R Wigh, Department of

Radiology, Presbytenan Mnspital, New Yorl City.)
i

-~ 2

e i

Fic 26~A Symmetrical osteolytic lesions of the 1schu, from the same case as Dustated

m Fig 23 The xray taken 14 months lter reveals marked diminution i stze of bilateral

lesions and no increase 1 density of adjacent bone  The mgumal soft tissue mass (arrows)

represents & psoas abscess which dramed three days after 12y, yielbng 750 m) thick pus
33
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tissues, sinuses, middle ear or meninges. Localized lesions of a single bone,
amenable to surgical treatment, are extremely unusual but a few “cures” have
been reported.”™ Rigdon and Kirksey* reported the most unusual case of a
3l-year-old white man in whom spread of cryptococcal infection from the Jumbar
vertebrae produced a mycotic aneurysm of the abdominal aorta.

Although x-rays of osseous cryptococcosts available for study are too small
in number to establish a characteristic x-ray appearance, they closely resemble

i1

those of North American bl ycosis and 1 yeosis and differ in
many respects from actinomycosis.®  Lesions of osscous cryptococcosts, i com-
mon with those of North American bl ycosis and coccidiordomycosis, are

usually multiple, widely disseminated and discrete. They tend to be destruc-
tive, chronic and slowly changing Radwlogic progression is apparent 1 the
slow enlargement of an area of bone destruction (Fig, 23), and regression may
occur with slow reformation of normal bone (Fig. 26). The relatively stationary
roentgenographic appearance of the bone lesions should suggest the possibility
of cryptococcal infection.” These osseous mamifestations are also seen in North
American blastomycosis and coccidioidomycosis  In these mycoses, lesions are
1 .

1 and discrete, in osis they are localized, extending by
direct continuity to nddle adjacent bones. Periosteal proliferation s not
terishie of cryp is while 1t is n act ycosis®® and is

also observed in North American bl is*® and dioidomycosis.s

5. INVOLVEMENT OF OTHER ORGANS

Any tissue of the body may be involved in disseminated infections, and
occasionally one organ or tissue may appear to be affected sclectively How-
ever, in most dissemmated infections, clinical and macroscopic evidence of
lesions 1s lacking in sites such as kidney, adrenal, liver, spleen and lymph nodes
Infection of these tissues 1s discovered only on microscopic examination In
the most widely disseminated forms of the disease the heart, testis, prostate, and
eye, 1n fact, any tissue of the body may be affected. With such extensive m-
volvement the dgnostic potentialities of blood and urine culture, marrow
aspiration and liver biopsy are apparent, yet seldom is the widespread dissemina-
tion discovered prior to autopsy

In a few cases the clmical picture 15 dommated by symptoms related to a
smgle organ. Massive involvement of the adrenal may produce the signs and
symptoms of Addison’s disease™ **2 (Plate IC) Granulomatous lesions in the
gastro-mtestinal or genito-urinary tract may sunulate tuberculosis or cancer w20
In all such localizations the mfection 1s presumed to be blood-borne from the
lungs.
Eye involvement may occur in one of several ways. The most frequent
15 by direct extension of the infectious process along the sulmfnchnoul space into
the optic nerve (Fig 13)  In association with disserunated infection Ehon- may
be multiple lestons i the weal tract, retina, and vitreous'™* 2 (Fig 27)  Only

a patient who has no other

rarely 15 cryptococeosis the cause of blindness in
However, two such cases

evidence of cryptococeal nfection (Plate IB)
have been reported, both in septuagenary women, one of whom remained well
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for § years after the onset** (Plate 1B and Fig 66). Deep cryptococcal heratitis

was reported by Fazakas'® The cyelids and orbit may be fnvolved by exten-
sion of contiguous shin Jesions™ #7392 (Plate 14)

- ot © : * r system was reported by Long-

who died of cerebral eryptococ-

. the outer part of the media of

the thoracic aorta by C. neoformans, Although the elastic fibers of the media

were spread apart and broken, ccllular response was neghgible. Rigdon and

Kirksey**" reported an ancurysm of the abdominal aorta, caused by cryptococcal
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Fio 27~ of ey 1 chonocapitlanss, postertor weal tract of eye, in a
case of d d ey heating reticulum-cell sarcoma  Bauer stan
X 900 (AFIP Accession No 262406, contnibuted by Army and Navy Gencral Hosputal, Hot
Springs, Arkansas )

infection, in which hemorrhage from the ancurysm was responsible for the pa-
tient’s death  The imtial and contmuing complamnt was severe back pain rads-
ating down one thigh ~ Crvptococeal endocarditss lenta may oceur (see page 151).

6 ASSOCIATION WITH LYMPHOMA AND LEUKEMIA

other types of neoplastic disease % Some have ;uggcslcd that the fungus or
one of its products may be one of several etiologic agents of Hodghw's dis-
case ****  Others have entertamed the idea that the cryptococeus may have
evoked a hustopath reaction simulating Hodgkm's disease ez
Zimmerman and Rappaport,"”® who studied 60 cases of cryptococceosis, found
that 30 per cent oceurred 1 patients with Hodgkin's or related diseases and re-
garded the ewvidence to be insufficient to support exther of these hypotheses
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Patients with malignant lymphoma or leukemia are known to be more
susceptible to infectious diseases, one of which happens to be cryptocaccosis,
In fact, these unfortunate individuals may be infected simultaneously by several
different infectious agents.®#4* There is a possibility, therefore, that in such
cases the pathogenesis might be different from that of other cryptococeal infec-
tions which are thought usually to begin in the lungs. It is entirely possible
that in the patient with a malignant disease of the reticuloendothelial system,
ordinanly feebly pathogenic cryptococei present on the skin, in the lungs or
gastromtestinal tract may become mvasive as a result of altered host-parasite
relationships incident to disturbed physiology of the reticuloendothehal system.
The alteration of lymphatic tissees in Hodgkin’s disease with concommtant de-
pression of the body’s immunologic response may permit cryptozocci or other
adventitious orgamisms to gain a foothold and produce disseminated disease.
Some support is given to this concept by the widespread dissemmation of
eryptococcr during the course of Hodghin’s disease, lymphosarcoma, and
leuk Such di ion 15 unusual in the ordinary case of eryptococcal
menmngoencephalitis,

It is of interest to recall that the first human case of cryptococcosis, that
reported by Busse, was in a 3l-year-old woman who for years had suffered
from considerable lymphadenopathy. This sugg that a & of this
mycosis and malignant diseases of the reticuloendothehal system may have
eusted since the first reports of cryptococcoss, though the relationship has been
emphasized only recently.

7. RELATION TO SARCOIDOSIS

In localized forms of cryptococcosts, particularly in the lungs and lymph
nades, the tissue response may mmic the non-caseating tubercles which are so
characteristic of sarcoidosts In many of these cases, however, prolonged search
aided by the use of special stains for cryptococer will reveal the causative
fungus There are, on the other hand, well-documented cases 1n which sar-
coidosts appeared to co-exist with cryptococcosts 7 We have studied cases of
this type (Figs 10 and 44) and have made an mtensive search for organisms in
the apparently healing tuberculord g 1 but were ful 1n demon-
strating the orgamsms m them, yet other tissues from the same patient revealed
lesions containing a myriad of cryptococci

A good example of such cases was reported independently by Fisher'** and
by Collins ** A 20-year-old colored woman gave a 214 year hustory of fatigue,
anemia, amenorrhea, loss of aallary and pubic harr, and ankle edema  Lymph
node bropsy led to a diagnosis of sarcordosts Tibial pam developed with
roentgenographte evidence of lesions m the tibia and ischium  Cultures of a
skin lesion taken at the time of ttbial biopsy revealed the presence of cryptococcr.
A fluctuant mass formed over the ischium, and subsequently the patient died of
cryptococcal meningihs At autopsy, lesions containing cryptecocer  were
found 1 the nervous system, kidney, adrenal, lungs, bones, and subcutaneous
tissues. Other lesions typical of dosis but not g eryr cei were
found in the lungs, heart, lymph nodes, lnvFr, spleen aJnd pituitary g‘]and

Another case of osseous cryy with of the
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Iymph nodes was descibed in a 22-year-old colored Amenican soldier who lmd
asthma of 8 months duration, malasse, anorexia, weight loss, and chest pain *
Physical examination revealed generalized lymphadenopathy and chest x-ray dis-
closed a widened mcdmsnm] shadow as well as bilateral infiltration of the lung
fields  Maligy h was susp 4, but cxasion and pathologic cxam
mation of an opltmchle.u- ymph node led to a diagnosis of Boeek's sarcoi
Needle biopsy of an osteolytic lesion of the right iliac crest yielded only degen-
erated bone. The patient recened cortisone orally and showed symptomatic
mpro t and reg) of lymphad h Upon arrival at the 1100th
Aur Force Hospital, Washington, D. C he was febnle and complained of low back
pan which radiated to the left knce,  Substitution of ACTH for corhsonc (hempy
resulted in a reeurrence of previous symy logy, ne of
cortisone, A tender swellng appeared over the I(R hip, and apprmlmntcly 250
ml of thick, brownish pus was evacuated from beneath the Ieft gluteus maximus
muscle. Culture studies of this exudate and pathologic examination of the ex-
cised tissue established the mnfection as cryptococcoss  Treatment with nystatin
(Mycostatin) by parenteral and oral routes for more than three months was fol-
lowed by healing of the hip lesions A n.‘pc'\t cpntmchlcar lymph node biopsy
at this time still showed congl bercles and no fung were
demonstrable by culture or special shmmg technics  Three months after ter-
mination of this therapy an osteolytic lesion appeared at the distal end of the
nght radms  The patient showed no mamfestations of cerebral eryptococcosis
for 18 months after hospitalization, up to the present time (see pages 139 and
148 for nystatin therapy, and page 150 for effect of hormones).

The poteatial danger to the patient that accompantes cortisone therapy of
sarcordosis is again illustrated m a stmilar case described to the anthors by Pro-
fessor Symmers of London  Identical, male, 33-ycar-old twins, previously mn ex-
cellent health, were found to have typical radwlogic mamfestations of milary
pulmonary sarcodosis with hular lymph node involvement Both had hyper-
globulmemia and both were negative to 1 100 dilution Mantoux shin test reagent
Lymph nodes and tonsils of both patients were sarcoidal in character and crypto-
cocar could not he demonstrated Onc  twm recew ed a course of cortisone ther-
apy, foll g which he d abscess of the shoulder which,
on x-ray, revealed considerable destructive osteitis  Cryptococcus neoformans
was recovered from the abscess matenial The symptoms m this patient sub-
sided and be remamed well, except for headaches which appeared at the time
this case history was receved It 15 of imnterest to note that, m all 3 of the
cases cited, sarcoidosis of the lungs and lymph nodes was assocrated with active
0sseous cryptococcosis

How may such cases be imterpreted® Since the occurrence of epitheliond
tubercles 15 not speclﬁc and | may be assocrated with such diverse pathological

as tuk , syphihs, berylliosts, and cancer, we
chouse to beheve that wl\en seen in with d d
1t represents a reaction pattern at a site where the host tissues Inve successfully
coped with the fungus. Tt seems unbihely that cryptococcus infection can be
responsible for more than a very occasional case of sarcordosis

* Heller, S, McLean, R A, Campbell, C C and Jones, I I A case of coexistent non-
memingitic eryptococcosis and Boeek s sarcord {To be published)




VI. Cryptococcosis in Animals

Sone oF ‘E earliest publications on the cryp and the diseases pro-
duced by it concerned strains of animal and plant onigm  For example, 1 1901
Klein®* described a pathogenic yeast he recovered from milk, and the following
year Weis**" reported that this organism was identical with strains of human and
plant origin  Barron,’® who recently reviewed the wosld literature on spon-
taneous cryptococcosis of animals, found references to the isolation of a crypto-
coceus from the lymph node of an o« by Sanfelice™ in 1895, and to Vuillemin’s
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Fic 98 —Ulcerative granuloma of palate in 2 male biger cat The pale areas mn the
subepithelial tissues are heavaly laden with thickly encapsulated cryptocorct  Fungns cells are
also observed on the surface of the palatine mucoss X 75 Case reported by Holzworth ™
(AFIP Accession No 324207 )

d +

tron of pul y Cryy is i a pig in 1901  Smce these early
reports, spontaneous cryptococeosis has been observed n the horse,“j' 211,241 Jot 432
dog, 1010308 31+ e cat, 1219810 cheetah, 1 crvet, monkey, % guinea
gt ferret>® and mn dawy cattle 108198 253 21¢ 528 150 The fungus has also been
recovered from pigeon droppings,’®** but it 1s of interest to recall that spon-
taneous wfections of birds has not been reported to date, possuh{lyy beeause they
are protected by therr high hody temperature (Table VII, page 127).
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Dr W. H, Eyestone has had personal experience with 3 cases at the Wash-
ington Zoo during a period of 2 years.  Ths first case was ane of systemic eryp-
tococcosis with nervous system myolvement 1 a small-toothed palm civet.
The sccond case, occurnng in an arctie fox, was also proved at autopsy. The
brain and a mesenteric node were found to be infected. Eyestone’s most in-
teresting case was that of a sooty mangabey with an enlarged aallary lymph
node The animal had been imported from South Africa only 3 months before
and was thought to have a lymphoma. Patholagie studies fatled to confirm this
clinical impression but demonstrated instead that the nodal enlargement was
due to cryptococcosis.  The monkey remained well for over a year.

R,
pAOS T R
TR Ry
RN AN
AT //-‘

v R RN N :
Fic 29 —Massive growth of cryptococer which formed a firm nodular mass 1n the stomach
wall of a cat  Although the proliferation of organisms has occurred predommnantly in the
b an . there is also l t and ulceration of the gastnc mucosa
X 7. (AFIP Aceession No 520653, contributed by Dr Jobm Mills, Unnersmy of Pennsyhhanma
School of Vetermary Medicine ) {See alio Fig 30 )

Study of natural mfections m ammals may throw some light on the patho-
genesis of cryptococcosis in man  In a number of these cases, particularly in
the horse, cat and dog, prominent lesions were noted in the facial region, espe-
cially about the nose and palate (Fig, 28)  Thesc locations suggest that the -
fection might have been acquired by direct inoculation of the fungus, which s
frec in nature  In other mstances there was no obvious external lesion, but ex-
tensive pul y invol , ind g that the inf might also have
been air-bome  In still other cases where no facial or pulmonary lesions exist,
the demonstration of a massive granuloma in the stomach or intestines suggests
the alimentary tract as a portal of entry (Fig 29) In common wath fatal in-
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fections of man, those in animals usually are also due to nervous system in-
volvement'®*"* (Fig 30). Histopathologic reactions in animal imfections do
not differ matenally from those in man (Figs. 30 and 31) (see Pathology, page
53

Outbreaks of mastitis in dawry herds are of paramount importance epi-
demiologically as well as cconomically. It 1s recalled that in England, Car-
ter and Young® isolated C. neoformans from milk produced by apparently
normal cows In the Maryland enzootic®** 106 cases appeared during the

Fic 30 —Extenstvc cryptococcal menmngoencephalitis m a cat  The subarachnold space,
especially on the ventral surface of the brain, 15 extremely thickened by an accumulatton of
fungus cells and thetr mucinous capsular material  The process extends along the sulei which
arc markedly widened Cystoid accumulations are also deep m the cerebral parenchyma
(amows) X4 Same case as Fig 29 Compare with sumilar process m human cryptococ
cosis, Fig 39 The cat had been observed to be hstless and atane It would stand with front
legs spread apart but showed a tendency to fall to the nght  Occasionally 1t would lie on its
right side with nght legs fleced and left legs extended  (AFIP Accession No 523653 )

course of a year among 235 head of Holstewn-Friesian dairy cattle  The nfec-

tion N oculation of the fungus into the teats, prob-
ably mes  One or more quarters of the udder
were to regional lymph nodes and, at times, to

the external 1hac or deep mgumal nodes was observed (Fig 33) Evidence of
hematogenous spread was found i only onc ammal with pulmonary involve-
ment (Fig. 34) Infection of the nervous system did not occur  The responst-
ble fungus was shown by Emmons'® to be typical Cryptococcus neoformans,
pathogenic for mice, but apparently of hmited virulence for cattle A I0-week-
old calf was exposed n various ways by fecding 200 ml. of broth culture in
mulk, by mtravenous njection of 5 ml of culture, and by subcutancous mocula-
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vp halits 1 a d-year-cld cocher sponsel  There
is a remarkably intense tissue reaction and relatve pavaty of fungus cells 1n this case A
Pontine festons, X 8 B Same, X 160 {AFIP Accession No 505161, contnbuted by Dr
C F Helmboldt, Unneraty of Connecticut Department of Ammaf Diseases )

tion of 05 ml. of culture nta the cevvical region  Thurty-seven days Jater 1t was
impossible to demonstrate any orgamisms or lesions m the tissues 32

Chnal mamfestations m the cows were of gradually mcreasing seventy
and mcluded abnormal firmness and fullness of the mammary glands (Fig
32), marked reduction 1 muik flow, and change to visad secretions. The shght
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clevation of temperature and the absence of toxemia served to differentiate the
cryptococcal from the usual forms of mastitis  One of the most noteworthy
characteristics of the mastitis observed by Pounden and co-workers™* was the
change in the character of udder secretions to a gray-white material so viscd
that 1t would hardly flow down the sides of mverted sample bottles (Fig 33).
The ducts in the udder were obstructed to such an extent that jt was difficult to
inject any appreciable quantity of solutions for treatment.

In the Wisconsin outbreak of eryptozoceal mastitis, desenbed by Simen and
co-workers,”s approximately 50 of 280 lactating ammals manifested transient
anorexia, fever, and dimmished lactation 4 to 8 weeks following partunition, It

Fic 82—Cryptococcal
mastitis  causng  pro-
nounced  distention  of
the udder and extreme
discomfort to the ammal,
The hind legs are spread
apart because of the
swellng  From  Poun-
den et al™ (Courtesy
Dr W. D Pounden, Ag-
nculture Expermment Sta-
tion, Wooster, Oluo }

had been a routine procedure mn the management of th's herd to infuse all quar-
ters of each y gland with a p Ilin misture at the close of the milking
penod A glucose solution used for mixng the pemcillin subsequently was
found to be contammated with pathogeme C ncoformans  Since this antibr-
otic does not nterfere with the growth of cryptocacer, the contaminated penicil-
lin may have been responsible for ths outbreak of bovine cryptococeal mastits.
In hght of the recovery of C neoformans from the soil, it seems more likely that
the onginal source of the organism was soil contamination of milking equip-
ment and utensils.

The economic loss sustamed m an outbreak of eryptococcal mastitis can
be great  Some cotws the Maryland enzootic had been producing 60 pounds
of milk a day prior to the outbreak, but output was reduced to less than a third
of this within a month and the cows were completely dry by the end of the sec-

ond month Smnce no form of was fmmd‘ atisf: y, control was
1 ded 1 "
based on such g ly rec P as and 0




OCCURRENCE 1IN ANIMALS 43

n . . .
R . .
o . - )
. . 0 .
’, . .
. Lo
" .
.t ' o
. s .
g .
o Al A ‘ -
. .
.
N
. " ]

. ...'#ﬂ-

Fic 83 »nyplococca] mastits voth spread to regonal lymph nodes A Granuloma
contaimng fungus cells, atrophy of mammary gland X 90 B Cranulomas contaming
cryptocace: 1 lymph node X 75 (AFIP Accession No 831620, contnbuted by Cdr W W,
Avres, U § Naval Medical School, Hethesda, Maryland }
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—~Cryptococcosis of bovine lung secondary to cryptococeal mastitis

Fic 34
B % 210 From the material reported by Innes et al™

(AFIP Accession N

tnbuted by Dr 1 R Seibold, School of Veteriniry Medicine, Alabama P

Alabama )
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of new cases from healthy stock, use of samtary milking methods, correction of
machine operation, sternhzation of equip avodance of ¢ ission of in-
fection by dairy personnel, and improvement of dict

The reward for this tedions and expensive program was the virtual chimina-
tion of infection within a year m those herds where the recommended control
procedures were adequately apphied  The incidence of mastitis was not re-
duced in other herds in wlich the herdsmen failed to carry out these measures.

Expenence with cryp is m animals reinf our behef that infec-
tion in man and animals is usually exogenous, probably solborne, and that there

Fic 35—The abnonmal
udder secretion, charac-
tenstic of bovine crypto-
coceoss, 1s 5o visard that
1t barely flows down the
inverted tube From
Pounden et al®  (Cour-
tesy Dr W, D Pounden }

1s no hazard of t or 1-t ion, for cven in out-
breaks of bovine mastitis there were no reports of mfection in herdsmen or in
milk consumers  Standard pasteurization methods effectively destroy the fun-
gus  (See Table I, page 46 }

A chronic infectious disease of the shin, subcutaneous tissue, mucous mem-
branes and regional lymphatics of horses, mules and donkeys, often called epr-
zootic lymphangitis, has been ascnibed to the fungus Cryptococcus farctnimo-
Stes BWA%H04T I nissue thus causative orgamsm has a striing resemblance to
Hustopl psult and 1t prod spores and hyphae on culture, Be-
cause of its morphologic smulanty to H capsulatum, Cifern, Redaell: and Visoe-
chi™ placed the orgamsm in the genus Histoplasma as H farcinimosum  Al-
though the exact tavonomic position of the etiologic agent of epizootic lymphan-
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gibss is still under debate, ™93 there is no longer any reason to consider the or-
ganism a member of the genus Cryptococeus.

TasLe L—SUSCLPTIBILITY OF €. NEOFORMANS TO HEAT

Temperature |
Period of Reault Reference
.y | Taposure
106" {105 19| 24hrs | Vost of eells dead | Kuhnross
42° 107 6° 30-50 hes | Death Benham
50° 122° 42 mm Death Crone, de Groat and Wahhn*
55° 13re 5 min Death Lmmong??
60 | 100 Smuin | Death Crone, de Groat and Wahlin®t
[Hi 140° <5 mm Death Cox and Tolhurst®
62 8° 145° 30 min * Death Emmons'**
39 165° Lmm f Death Pounden et al,7%

* Pasteurrzation process (holdimg),
t Flash pastcurization



VII. Immunology

Avmiiovon pathogenic fungi are dered to be more allergenic than bacteria
because of the p d shin hyp i ; of patients with certain of the
mycoses, they are less active in produci ble circulating antibodi

Thus low antibody titers which ordinanly would be ignored n other microbial
infections assume preater 1mporlance It is Iikely that unavailability of per-
iec!ed fungal nnhgcns An(‘ p top of the logy of wy-

- ’ N ' the true antigenicity of

. cen that C neoformans
is poorly antigenic upon injection into '\nima]s Nevertheless, moderately high
agglutinin titers to this orgamsm have been obtained m animals by Benham®
(1:160), Hoff**' (1:280) and Evans's (1 320). Benham,? n 1935, observed
that treatment of the cryptococcus capsule with dilute acids cnabled her to
obtan even higher agglutinin titers, however, similar treatment with acid had
no effect upon size or morphology of the capsule?™ More recently Neill,
Abrahams and Kapros®s i d that although strongly psulated strains
of C. neoformans were p dly non-antig; thmly psulated strains were
farly potent immunizing agents. The poor results obtained by previous n-
vestigators in production of immune serum were attnbuted to small and in-
frequent immunizing doses rather than to the poor antigemaity of the orgamsm
It is possible to produce adequate 1mmune anticryptococcal rabbit serum with
regulanty by ijecting 500 llion thinly encapsulated cryptococer every other
day for 7 jections to achieve agglutimn titers of 1 160 to 1 6402

1 ANTIGENIC AND CHEMICAL STRUCTURE OF THE CRYPTOCOCCUS

The genus Cryp both saprophytic species and the
pathogen nca[armans was dwided by Benham® into four groups based upon
and Strains of C. neoformans recovered from
human fections were placcd by her 1 Group III  Employmg reciprocal ag-
glubnm-absorption techmque, Evans' further sub-divided this group into 3
serofogic types A, 8 and C
The enly antigen of the cryptococeus studied thus far has been 1ts capsular
polysacchande  Khigman® ssolated the polysacchande m the erude state and,
because 1t failed to mnduce either precipitins or shin hypersensitvity n ammals,
concluded that 1t was non-anfigemc for rabbits and mice Neill and co-
workers,®® using a punfied poly: sacdnndc, first obtamcd fmm the cryptococeus
capsule by Hehre, Carlson g=a1 1am-tammt1s Ao oo 0 0 2
by 1ts prompt preciputation
corroborated by Evans and .
de of the cryp 1b$orpnon hrug ‘wth hyper-
immune rabbit scrum and again dlﬂercn!n(ed three antigemic types A, B and C
4
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Drouhet, Segretain and Aubert™* and Evans and Mehl”? independently showed
by means of filter paper partition chromatography that cryptococeal polysac-
charide was composed of umts of xylose, mannose and uronic acid, and probably
glucurome acid  Evans and Theriault" further separated the cryptococeal
polysaccharide Type B by paper chromatographic partition into two fractions,
SB, and SB,, and dentified hydrolysis products by paper chromatography as
xylose, mannose and glucuronic acid. Studies of the capsular polysaccharide
of non-virulent C. neoformans var. i by Enbmder, Benham and Nel-
son'" revealed the presence of 6 7% hexuronic acid, expressed as glucuronic acid,
18.1% hexose, evpressed as glucose, and 31.0% pentose, expressed as arabinose.
The capsular material contained no starch, glycogen, amino acids, protein, amino
sugar, nucleic acid contarmnants, hyaluronate or mucoitin sulfate  Drouhet and
Segretam®® yeported destruction of the capsvle by hyaluronidase, and assumed
that 1t was composed partially of hyaluronic acid ~ However, Foley and Uz-
man'* treated cryptococeal polysaccharide solutions with hyaluronidase ( Alidase,
Hydase) and failed to produce any measurable change in viscosity ~Further-
more, incubation of viable, encapsulated cryptococer at 25° and 37°C in the
presence of 1 to 300 T.R.U.® of hyaluromdasc in acetate buffers at pH 45
and 60 or n phosphate buffers for intervals varying from 5 minutes to 24 hours
farled to show evidence of decapsulation  Qur own experiments with saline
uspe: of viable cryp { in the presence and absence of 150 T.R.U /ml
hyaluronidase {Wydase) at 20° and 37°C and at pH 40 and 7.0, examined m 1
hour and 24 hours, failed simlarly to reveal a d psulating effect of hy 1 i
dase Although the capsules were smaller at pH 4 0 than at 7.0, the presence
or absence of hyaluronidase made no apparent difference in capsule thickness

A general test for the presence of mucopolysaccharides, one of which 15
hyaluronte acid, 1s metachromatic staming with aqueous tolmdine blue 2
Histochemical studies of thickly encapsulated cryptocei 1n sections of human lung
by Johnson and Grdley** revealed no change mn metachromasia after treat-
ment with hyaluronidase  Control sections of umbilical cord, on the other
hand, showed complete absence of metachromasia following treatment with the
same enzyme preparation  This 1s corroborative evidence for the absence of
hyalurome acid in the capsular substance of C neoformans

P; 1 endotovic sub of C neoformans have been demonstrated
to kil white Swiss mice within 48 hours after mtrapentoneal njection of dead
cryptococer combmed with an adjuvant of 1 to 2 mg dried tubercle bacilli to
each dose LD, for C neoformans was 34 mg of acetone dried cells

2 SEROLOGY IN DIAGNOSIS

Agglutinins to C neoformans and complement-fixing antibodies have seldom
been demonstrated m the past in the blood stream of patients, although Rappa-
port and Kaplan®* found agglutiuns to this orgamism 1n titer of 1 40 More
recently Neill, Sugg and McCauley, ™ by means of precipitm and complement
fiation reactions employing specific hyperimmune anticryptococcal rabbit
serum, found soluble cryptococcal antigen to be present in the spinal flurd, blood

¢ Turbidity reducing umts
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Fic. 36+C. neoformans
(serotype B} A Indua-
mh mount B Speafic
homologous rablat anti-
serum type B C 1letero-
Togous rabbit antiserom
Type A A capsulir te-
action oceurs i the pres-
ence of homologous serum
and 15 absent m heterol-
ogaus serwm The cap~
sulz, which is outiined by
speafie serem, 15 e
greater in size than in
Induaank  mount, illus-
trating  that  capsulw
swellng does not oceur
m the “Quethang” reac-
tion, thus supporting the
wse of the term “capsu-
lar reaction ™ From
Evans  apd  Ham)™®
(Couttesy Dr. L E
Esans, Unnersty of
Mictugan )
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and urine of a patient with cerebral crypt This followed the demon-
stration of soluble cryptococeal antigen in the blood and tissue of eryptococcus-
infected mice by means of precipitation of tissue estracts with homologous type
hyperimmume rabbit serum =7~ The demonstration by Neill, Sugg and Me-
Cauley®* of the presence of eryptocaccal polysaccharide in the urine is of special
interest to us since we have found kidney sections renal tubular casts that,
Iike the cryptococeal polysaccharide, were mucicarmine-positive and stained -
tensely by the Gridley technie™ (Plate 114). These casts were present in the
kidoeys of several patients who died of disseminated cryptococcosis

1t is now possible to type C. neoformans by means of the capsular reaction
or by agglutination using type speeific rabbit antiserum®t™14 (Fig. 36). Cross
reactions may oceur, however, with Candida albicans, Saccharomyces cerevisiac,
trichophytin extract, type 2 pneumococcus and other antigens ¢

Neill and associates™ ponted out that “Quetlung” or outliming of the
cryptococeal capsule by a speaific immune serum 1s not the swelling of an
onginally thin capsule, since India-ink preparation of the same organism with
non-spectfic serum showed capsules of the same size  For this reason, we prefer
the term “capsular reaction” to “Quellung” for C. neoformans (Fig 36).
Tomesik and Guex-Holzer'® studied the behavior of encapsulated microorgan-
1sms, mcluding C neoformans, towards protems of different 1soelectne points
and observed that the cryptococeal capsule could be made visible by the addi-
ton of non-spearfic protemns.  This occurred at a narrow pH range lying on the
acid side of the 1soelectric point of the protem tested and the optimal pH de-
pended upon the capsular substance of the microorgamsm. This nonspectfic
capsular reachion took place through a salt-hke combmation of several proteins
with the capsule of the organism and could be reversed by shifting of the pH.

In wterpreting this phenomenon, one must bear m mind that physical and
mmunologic properties of polysaccharides are remarkably influenced by the
presence of even low concentrations of bound protein or peptide residues in
them, and that the isolation of polysaccharides in the soluble form from natural
sources often mvolves drastic chemical punification methods ¢ Thus Embinder
and coworkers,** who made a chemical study of the polysaccharide of C.
neoformans var innocuous, used saturated KCl to prevent extraction of cryptococ-
cal protewns and K.CO, to aid 1n breaking up protem-polysaccharide complexes
before proceedng with the analysts of the purificd polysaccharide  Evans and
assocuates'™** employed chleroform and n-butanol extractton method for the
removal of protens from capsular polysacchande before making serologteal
studies Since Tomesik and Guex-Holzer's**® observations mdicate that a non-
speatfic capsule reaction 15 dependent on 2 salt-like combmation of several pro-
teins with the orgamism’s capsule, specific capsular reactions may be affected
similarly  An mvestigation of the immunologic role of the protemn-polysacchande
complex of the capsule sumilar to those performed with pure polysaccharide
components may produce frntful results

A rel hip has been established between gamma globulm synthesis and
the ability to resist infections, as pltfied by congenital ag, globul
miae In Pmbmg for an wamunologic explanation 'as to why C. neoformans
es cerebral disease m some patients and not in others, and why st dis-

produc
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seminates widely in lymphomatous disease, it might be well to recall that or-
dinanily both the gamma and alpha, fractions of human serum globulin mcrease
sharply with acute febnle disease 112101 2030043 Failure of this serologic re-
sponse to oceur in certain mdividuals might account for inability to cope with
the fungus

In a patient with eryptococeal menngitis treated at Mount Sinai Hospital,
New York, by Littman and Nathanson®** electrophoretic studies of the patient’s
blood serum were made 1 week before death  In spite of overwhelming
cryptocoeeal infection in the patient there was only shght increase of both
gamma and alpha, globulins {Table 11). Tins 1s of special mterest since the

Taeer I --ELECTROPHORETIC ANALYSIS OF 1IUMAN SERUM IN
CRYPTOCOCCAL MENINGITIS®

€ of total | Nornia
Components serum protems { valuest
Alburmn 415 55 2
Alpha, globulim 57 53
Alphas glolatin 55 87
Heta globulin 303 174
Gamma glohuhn 150 ne

* Lattman and Nathanson,?*t deternunations by 1%, Bossal
1 Armstrong, Budka and Mornion 7

patient had been recewving, concomitantly with Actidione, large (45 X 107 cells)

doses of typhoid-paratyphoid vacune daily for fever therapy.

Neither the fatal cryptococeal mfection nor the typhod vaccine njections

lated app bl body response in this patient Therapeutic ad.

ministration of gamma globulin failed to halt the disease or produce a beneficial
effect, but 1t may have been admimistered too late

3 SKIN HYPERSENSITIVITY

Little 15 known at present of the allergente state in cryptococeosis and of the
value of skin testing as a diagnostic ard  With the steady techmical improve-
ments 1n the preparation of cryptococeal antigens, shin hypersensitivity in
cryptococcosis 1s the next logical subject of investigation

Relatinely crude susp of eryp have been employed for shin
testing m the past with negative results  However, Berghausen® injected a
boiled, aqueous extract of C ncoformans subcumncuusly in a patient with
cryptococeosis and obsersed a pronounced local shin reaction  Kessel and
Holtzwart,*’° using a broth filtrate of C neoformans heated to 60°C for 2 hours,
made intradermal 1njections nto 2 patents with cerebral cryptococcosis
Twelve hours later an area of swelling and erythema measunmg 2 em in diameter
appeared, reached its maximum size s 24 hours, and persisted for 5 days
Dienst” mjected a patient with cryptococcosss intradermally with 01 ml saline
suspension containing one billion killed cryptococer per ml and an erythematous
area 2 cm, in diameter appeared ;m 24 hours and disappeared in 48 hours
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Carton®® skan tested a patient with a 1 per cent saline suspension of the patient’s
organisms heated to 100°C for 10 mmutes, and with a hydrochloric acid-treated
decapsulated heat-killed suspension Wheals were produced in the skin with
both types of antigen, Leopold’s®® patient with osseous cryptococcosis had a
strongly positive skin test, a wheal 45X 50 cm developing within 48 hours.
No agglutinins were found in the patient’s serum Torulin concentrate,® not
yet marketed but available for experimental use, is diluted 1:1000 with sterile
saline and 0 1 ml is injected intradermally

© The Lilly Research Laboratonies, Indianapolss, Indiana



VIII. Pathology

Tisstx REACTION to Cryptococens neoformans saries considerably from case to
case and from organ to organ, nesertheless certamn gcncmhmlions conceming
the pathologic process may be made.  The mfl 1 11

cellular.  Tissue macrophages are the pninapal cclluhr clements observed and
frequently they are the only mflammatory cells present (Fig 37) At times
there are many glant cells (Fig 33) and dense infiltration by lymphocytes and
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Fis 7 ~Subphutal cvptoceccal graowloma Some of the funtus wlle are free bt
most are contamed within the oytoplism of macrophages  The plenra, scen on the nght,
shows mimmal mflammatory reaction  Muacatmine with hematowhn counterstan x 313
(AFIP Accession No 262108, contributed by Army and Navy Guneral Hospital, Hot Springs,
Arkansas }

plasma cells A significant humoral response 1s generally absent, hyperemm
bemg shight and exudation of edema flud, fbrin, blood, and polymorphonuclear
feukocy tes bemng mimmal
Frequently “the relatne pauaity of both cellular and humoral reactions 15
mmpressive, especially m the nervous system  Great masses of cryptococer and
an overabundance of their mucinous capsular matenal distend the menmges and
53
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fill cystoid spaces within the parenchyma of brain and spinal cord (Fig 39).
On casual examination it may scem that within these lesions inflammatory cells
are virtually absent. Scrutiny under greater magnification, however, will nsn-
ally reveal many of the fungus cells within macrophages, the cytoplasm of which
is so pale and distended by the mucinous material that they are barely visible
(Fig. 40). Lesions of the thoracic and abdominal viscera, notably those re-
moved surgically, are more often obviously granulomatous (Fig. 41) than are
those of the brain or meninges. Nevertheless, any tissue may reveal lesions that
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Fic 88 —Cryptococcal granuloma of Jung  Almast all the fungus cells are ntracellular,
many within gant cells Bauer stan X 370 (AFIP Negatwe No 218120-518 )

appear to be essentially acellular or that are densely filtrated with chromc -
flammatory cells

Non-reactive lesions observed 1n various locations may be mismterpreted as
myxomatous neoplasms (Figs 18 and 42), m the respiratory tract they may re-
semble mucous polyps #*°  On a mucosal surface they may give r1se to a tenactous
mucoid membranous exudate » (Fig 19 and Plate 1A)

Necross of any type 1s distinctly unusual  Very occasionally a polymorpho-
nuclear response may be observed (Plate 1IC) and in such cases some tssue
breakdown does occur  Caseation necrosis 1s extremely rare  Death of large
masses of cryptococel m tissues may give rise to what superficially appears to be
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Fic 39 ~Haman cryptococcal memngoencephalitis  The subarachnod space 15 markedly
distended by the fungus and its mucinous capsular matenal  Pernascular extension 1ato the
cerebral parenchyma 15 llustrated 1w B and C  Compare with similar process m cat shown
= Fig 30 A'X16 B x100, C x50 (AFIP Accesson No 337884, contnbuted by
Veterans Admunustration Hospital, San Francisco )
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tissue caseation' (Fig. 43). Because of the usual absence of necrosis, secondary
phenomena such as cavitation, abscess formation, and hemorrhage are infrequent

Two special groups of tissue reactions have been described in which fungus
cells may or may not be present. One group includes sarcoid (Fig. 44) and
sarcoid-ltke pattcrns (Fig. 41); the second Hodghun's disease, other malignant

-
k' i PO S

Fic 40 ~Thickly encapsulated cryptococct 1 a bramn lesion  Large numbers of macro-
phages are itermngled wath the fungus cells. The distending growth of fungus cells within
the cytoplasm of macrophages causes them to assume a s:gm‘t nng appearance (arrows) or
seemngly to disappear X 500 (AFIP Accession No 107139, contnibuted by Lawson Gen-
eral Hospstal, Atlanta, Georgia )

Iympk and leuk The relationship of cryp to the latter dis-
crdérs 15 chscussed on pages 33-36, wheremn 1t 1s concluded that the <rvptococcus
15 not the eause of any of the malignant diseases of the renculo'endoﬂwlml system,
Furthermore, 1t 1s virtually mconcetvable tlmt.nny one mfcc:::o::; agent sudl' as
C. neoformans could provoke } actions so as ](0

those of Hodghm's discase, lymphosarcoma, reticulum cell sarcoma, lymphocytic
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monocytic leukemia, granulocytic leukemia, and multiple myeloma,
all of which have been reported in association with cryptococcosis.  On the other
hand, 1t seems reasonable to assume that this fungus as well as other etiologic

Fro 42 —Large my<ond tumor.like mass i lung of a patient who died with extenstve
memngoencephalibs  (See also Figs 11, 49, 50, 55) The pulmonary aheoli are over-
distended by the massve proliferation of fungus cells while host reaction 1s neghgible A X 5,
B X 160 (AFIP Accession No 270523, contnbuted by Veterans Admumstration Hospial,
Alexandna, Lomsiana }

factors may be resp ble for the develoy of discrete, non-caseating, epi-
thelioid tubercles typical of sarcoidosts ‘
Althouglh cryptococcosss 1s generally a subacute or chronte infection, it pro-
duces rclah'c\'cly httle Sbrovascular proliferation in most tissues It tends to be
1 in subnleural

which probably rep: heahing of

most p n subp &
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SLovnes vy twedhnl e i, € w b ha et
from one of the cases reported by Baker and Haugen™ (A AFIP Accession No 706968,
X 10, contnibuted by Dr Fredenck G Zak, Pathologist, North Shore Hospital, Manhasset,
New Yotk B X 7, courtesy of Professor R. D. Baker.)
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Terlormi. .

tio | :
, ytic , g ytic leuhemia, and multiple myeloma,
all of which have been reported in association with cryptococcosis.  On thye other.

hand, it scems reasonable to assume that this fungus as well as other etiologic

Frc 42 —Large myxoid tumor-ike mass in lung of a patient who died with evtensie
memngoencephahss  (See also Figs 11, 49, 50, 55) The pulmonary aheol are over-
distended by the massive proliferation of fungus cells while host reaction 1s neghgible A X 5,
B x 160 (AFIP Accession No 270523, contributed by Veterans Admumistration Hosprtal,
Alexandria, Lowstana )

factors may be resp ble for the develop of discrete, non-caseating, epi-
theliand tubereles typreal of sarcordosis

Although cryp
duces relatvely ittle
most p 1 subp g

15 g lly a sul or chronic infection, it pro-
fbrovascular prolferation mn most tissues It tends to be
bpleural which probably represent healing of
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Mycobacterium tuberenlnsis, Histopl: copsul and Cocerdioides immitis
is infrequently encountered in cryptococeosis (Figg 47) and the productive
brosis especially typical of actmom)cosis 15 not observed.  Significant calosfie
catian is nwost unwsual, but spheroidat concretions in calafied lesions of other
ctiology may be misinterpreted as fungws eclls (Fig, 82).

Two principal types of tissue Jesions can be correlated with the duration
of the discase, a5 reported in a pathologie study of 26 cases of cryptocaccosts
by Biker and Haugen'® Early lesions are gelatmous {mucinons) while older

o
i

o
9
24
>

8
X

it

&

KVSee
!

N

Ly
Al
N

e S
g
S

g\

%
7

-1
e
A '\,«.
YR
G W

3
.'
\

£y
H

T . LT md e e
Fic 45 ~Subpleueal granulama interpreted as successful tocalization of prumary eryplococ-
al granuloms  Viable fungus cells were found s small foor within this Jesien whach was
obtuned by biapty at thotacotomy Patient died of tuberculons and autopsy revealed no
other evidence of cryptococcous X 30 (AFIP Accessinn No 510705, contnluted by Vet
erans Admsmstration Hospital, Memphs, Teunessee )

fesions are granulomatous Cryptococar are imtiatly imert 1 tissues and form
masses of orgamsms with but little d f Y resp fater
they are engulfed by giant cells and macrophages  Age, race and sex have no
mftuence upon the character of tissue alterahon, however, the presence of
Iympt lowers the to mfection,

The morphologic and histochemical charactenstics of Cryptococcus neo-
formans m tissue sections are presented on pages 116-120  Included there are
deseriptions and Wlnstrations of some of the structures winch may be msin-
terpreted as cryptococei  With the increasmg mterest 1 fungus diseases, a
trend toward overdiagnosis has been noted and obvious artefacts Mustrated as
eryptocacei have been published 1n case reports
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G vs L T

3J Loa Z.
Fic 44~N ting sarcoidal granul of lung m a 41 Id man who died of
nervous system cryptococcosis  The fungus was domonstrable 1 lesions of the brain and
ludney but not in the d-1ik of lung and medwstinal lymph nodes  This

patient had an antecedent lustory of a respiratory mnfection with cough, fever, and malase but
without chest pain or hemoptysis for about two years before development of nenous system
mansfestations  See chest x-ray (Fig 10) A x 83, B X185 (AFIP Accession No
606693, contnbuted by Veterans Admimstration Hospital, Atlanta, Georgra }

the primary site of mfection'™ (Fig 45)  Granulation tissue (F1g 46) has been
observed in localized cutaneous lesions but rarely pseudocpitheliomatous hyper-
plasia which is so charactenstic of other mycoses, especially North American
Ll

b y Fibrous psul of focahzed lesions of the type caused by
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Mycobacternum tubereulosts, Histopl sl and Coccidioides smmutis
15 infrequentl red in oy sis (Fig 47) and the productive
Ebrosis especially typieal of sis is not observed, Significant calcifi-

cation s most unusual, but spherowdal concretions in calafied lesions of other
ebology may be misinterpreted as fungus cells (Fig. 82).

Two principal types of tissue lesions can be correlated with the duration
of the disease, as reported in a pathologic study of 26 cases of cryptococcosis
by Baker and Haugen. Early lesions are gelatinous (mucmous) while older
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Fic 45 —Subp preted as successful | of pnmary crypt
cal granuloma  Viable fungus cells were found 1n small focr within this lesion which was
obtamed by biopsy at thoracotomy Patrent died of tuberculosis and autopsy revealed no
other evidence of cryptococcosss X 30 (AFIP Accession No 510705, contributed by Vet-
efans Adminstration Hospital, Memplus, Tennessee )

lesions are granulomatous Cryptococa are mitally inert 1n tissues and form
masses of organisms with but httle ding infl y resp later
they are engulfed by giant cells and macrophages. Age, race and sex have no

mfuence upon the character of tssue alteration, however, the presence of
1 . P

p} lowers the to

The morphologic and histochemical characteristics of C neo-

T p
formans n tissue sections are presented on pages 116-120 Included there are

deseriptions and 1llustrations of some of the structures which may be mism-
terpreted as cryptococer  With the mcreasing mterest n fungus diseases, a
trend toward overdiagnosis has been noted and obvious artefacts ilustrated as
cryptococer have been published m case reports
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e
i
of lung 10 a 41-ycar-old man who died of
nervous system cryptococcosis  The fungus was demonstrable 10 lesions of the bram and
lidney but not m’ the d-lik of ung and meduastnal lymph nodes This
patient had an antecedent history of a respiratory infection with cough, fever, and malasse but

without chest pan or hemoptysis for about two years before development of nervous system
A %83, B x135 (AFIP Accession No

ting sarcordal

manifestations, Sec chest xray (Fig 10)
606693, L 1 by Veterans Ad Hospital, Athinta, Georga )
fi 1 (Fig. 45) Granulation tissuc (Fig 46) has been

the primary site of
observed n localized cutancous lesions but rarely pseudoepitheliomatous hyper-
1 1stic of other 1ly North American

plasia which is so , esp
1L ycosis  Fibrous psulation of focalized lesions of the type caused by
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1 41 ~Fibrocaseoss ‘pulmonary P alaification, 2
\esion produced by © eoformans A Dets " fogen bundles eRCPY
2 band of tustiocytes forms the 18 wall X 20 B There 15 pecrotie 3ebrs 10 the center
h  which sisble CYPLOEOE e found % 50 C PAS sa® % 500, (AFTP ‘Accession
Valley Forge A Hospital )
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Fic 48 —Cutaneous secondiry to bone, same cast
lustrated m Fog 22 A There 15 a noteworthy lack of pseudocpithehomatous by perplasia of
the eprdermus at the edge of the ulcer B An exuberant prohferation of granulation I:xstue 5
obsened 1n the subcutaneous tissue  The fungus cells, prescnt s munute intracellular para-
ates (arows), could be mistaken for Histoplasma capsulatum, but typical staiming o
mucicarmine and demonstration of charactenstic forms in ether arcas permitted an wncquivocal
etiologie dugnosss A X 13, B X 350 (AFIP Accession No 606561 )
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1. PULMONARY CRYPTOCOCCOSIS

Gross examination may reveal widespread pulmonary mvolvement or a
localized process. With di ination, muiary tul bling those of
tuberculosis arc observed (Fig. 48) but when examined closely they appear more
mucoid than those of tubercul Solitary cryp I masses 1 the lung,
usually ranging from 2 to 7 em in dimeter, are found at the lung peniphery
(Fig, 3), close to the hilum (Fig. 49}, or i the middle of a lobe ~ When the
tissue reaction 1s great and the relative number of organisms small, the masses

PLATE 1.

A ~Ext Vo m
a 8lyear-old woman wath granulocytic leu-
kemtr  Acneform lestons have ulcerated and
coalesced with others to mohe 2 broad area
of the shin  (See abo Fig, 19)

B —Cranulomatous  chorioretimtss due  to
C neof The cye was enucleated be-
cause of severe ovular pam and loss of vision
There were no other symptoms of cryptococ-
cosss i the 7l-ycar-old woman There 1s
great thickening of the retina, whtch 15 pn-
manly molved, while chorodal mflamma-
tion appears to be sccondary (Case re-
ported by DeBuen et al® AFIP Accesston
No 599915, contributed by Dr T P McKee,
Johnson City, Tennessee ) (See also Fig

C —Extensne biliteral  mvolvement  of
adrenals 10 a 33-year old man with brownish
rscoloration of the skm suggestise of adrenal
msufficiency  (Casc reported by Rigdon and
Kirksey ™ Cowrtesy of Dr R H Tagdon,
Professor of Pathology, Unnversity of Teas,
Galveston AFIP Accession No 897988 )

D —Mulople  wmall  discrete
granulomas i a soung woman who died
of cryptococcal memngoence phalitis  (AFIP
Accession No 261869 contrnibuted by Dr
W § Randall, formerly Pathologst, Ochsner
Clinic, New Orleans, Loustana ) ™

E ~Ventral surface of same bram shown 1n
Fig 534 Glstenng flmy bands of cxudate
i the leptomemnges envelope and distort
several of the cranil nerves  (AFIP Acces-
sion No 261869 )"

F ~Mbary granulomas over ependymal
susface of Literal ventricle  Grass specimen
magmfied 6 X. (AFIP Accession No

subpleural

MACROSCOPIC LESIONS IN CRYPTOCOCCOSIS

518771, contributed by Tripler Army Hos-
pital, Honoluly, Hawau) The patent, a
Japanese-Amencan veteran of World War II
became acutely 11, with chills, fever, and tem-
poral headache When first admitted he
showed no signs of menngitis  Because of a
spiking fexcr, malaria was suspected but smears
were negative for malanal parastes  Four
days after admession, signs of meningitis were
evident and there was spinal flud pleocytosis
Sugar was 55 mg per cent There were 661
cells with 90 per cent neutrophiles  Bacte-
rial memingitis was suspected and intensive
antbiotre  therapy  started  The  clhnical
course was that of tuberculous or mycohe
menmgits  Incha sk preparations of a sub-
scquent spmal fluid specimen revealed yeast-

Ike cells Cultures of spmal fnd sevealed
C neof Todia mk prey o
sputum_ also showed the fungus Chest

wray films disclosed marked pleural thicken-
mg on the right and mediastmal shdt to the
night  The patient died five and one-half
weeks after admission and Jess than two
months after onset of first symptoms

G and H —Extensne cryptococeal meningo-
encephalitis G ~Multiple munute cystord le-
sions are observed along the natural surface
of the cerebral convolutions (soapsuds ap-
pearance) as well as on the cut surface of
the bram  H —Much larger deep-seated le-
sions are shown in the basal gangha As »
result of the pronounced penvascular probf-
eration of orgamsms, the cerebral blood ves-
sels appear as nigrd tubes within cavernous
channels  Both specimens magnified 6 X.
{AFIP Accession No 270523, contnbuted by
Veterans Admmstration Hospital, Alexaadria,
Lousiana )}
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1. PULMONARY CRYPTOCOCCOSIS

Gross examination may reveal widespread pulmonary involvement or a
Jocalized process. With dissemination, muliary tubercles resemblg those of
tuberculosis are observed (Fig. 48) but when examined closely they appear more
mucoid than those of tuberculosis. Soltary cryptococcal masses in the lung,
usually ranging from 2 to 7 ¢m. in diameter, are found at the Jung penphery
(Fig. 3), close to the hilum (Fig. 49), or in the middle of a lobe. Vhen the
tissue reaction is great and the relative number of orgamisms small, the masses

PLATE L

A-Extensne cutaneous eryptococcosis tn
a 3l-year-old woman with granulocytic leu-
Lema  Acneform lestons have ulcerated and
coalesced with others to 1mvalve a broad area
of the skin. {See also Fag 19)

B ~Cranulomatous choniorctinitis due to

f The eye was enucleated be-
cause of severe ocular pain and loss of vision
There were no other symptoms of cryptococ-
cosis n the 7Tl-year-old woman There 1
great thichening of the rettna, which 15 pn-
manlv mvolved, while chorordal nflamma-
tin appears to be secondary (Case re-
ported by DeBuen ct al® AFIP Accession
No 599915, contnbuted by Dr T P McKee,
Johnson City, Tennessee ) (See alo Fig
86 )

C —Extensive  bilateral involvement  of
adrenals m a 33-year-old man with brownish
discoloration of the shin suggestive of adrenal
insufficiency  {Case reported by Rigdon and
Kirksey ™ Courtesy of Dr R H Rigdon,
Trofessor of Pathology, Unnersty of Tevas,
Galvestan AFIP Accession Np 697988 )

D —Multiple small  discrete
granulomas . a young woman who died
of eryptococcal menmgoencephalitis  (AFIP
Accession No 261569 contnibuted hy Dr
W S Randall, formerly Pathologist, Ochsner

Clume, New Orleans, Loustana )™

E —Ventral surface of same bram shown
Fig. 534  Chstening filmy bands of exudate
m the leptomenmnges emelope and distort
cereral of the cranial nerves  (AFIP Acces-
sion No 261869 )™

F-Miury granalomas over ependymal
surface of lateral ventucle  Gross specimen
magnfied 6 % (AFIP Accesson No

subpleural

MACROSCOQPIC LESIONS IN CRYPTOCOCCOSIS

518771, contributed by Trpler Army Hos-
pital, Honollu, Hawai) The patient, a
Japanese-Amenican veteran of World War 11
became acutely 1ll, with clills, fever, and tem-
poral headache When first adnntted he
showed na signs of meningthis  Because of a
spiking fes er, malarnta was suspected but smears
were negative for maliral parasites Four
days after adnussion, signs of memngihs were
evident and there was spinal flud pleocytosts
Sugar was 55 mg, per cent, There were 661
cells with 90 per cent neutrophiles. Bacte-
rial meningitis was suspected and intensive
antibiotic  therapy  started The  chimcal
course was that of tuberculous or mycotic
menmngitis  India ink preparations of a sub-
scquent spinal flurd specimen revealed yeast-
like cells Cultures of spinal fud revealed
C  neof India wk prep of
sputum ako showed the fungus Chest
v-ray films disclosed marked pleural thicken-
mng on the nght and mediastinal shift to the
nght The patient died five and one-half
weeks after admwsion and less than two
months after onset of first symptoms

G and H —Extensive cryptococeal meningo-
cncephaliis  G.—Muluple minute cystoid le-
sions are observed along the natural surface
of the cerehral comvolutions (soapsuds ap-
pearance)} as well as on the cut surface of
the bram  H —Much Lrger deep-seated le-
sions are shown n the basal gangha  As a
result of the pronounced penvascular prof-
eration of organsms, the cerebral blaod ves-
scls appear as ngud tubes within cavetnous
channels  Both specimens magmBied 6 X.
(AFIP Accession No 270523, contnbuted by
Veterans Admintsteation Hospita), Alexandra,
Lousstana )}
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are firm and rubbery and present a non-wpeafie granulomatons appearance (Fig,
3) On the ather hand, with massinve acenmulations of cryptococar and a rela-
toe lack of tissue response, the pulmonan mass may have a mucord character
(Fig 49). Solitary cryptococeal lesions i the lung come to the attention of the
pathologist cither as surgial speamens, operation having been performed for
amss i the Jung, or at autopsy of a patient who died of ervptococeal memingitss

Fre, 43 -Minn collec-
tions of enyptococd in
the Jungs of a 63-year-
od Nego who Id
¢hronte Jymphocytic e
kemis  The lesions in
this case consisted  al-
most cntircly of fangus
celly with neghgible fise
sue response Case 25
of Baker and Mangen *
(Countesy of Prof 1 D
Baler )

Similar solitary lestons alvo may be found madentally at autopsy  The most
common pulmonary lesion at autopsy was reported by Haugen and Baker'” to
bea subpleural nodule less than 15 ¢m in damcter

Lesions appeanng radologically as solitary lung tumors (Fig 3) seldom
are diagnosed before surgical removal, and the pathologist must make the diag-
nosis by means of frozen sections  This methad s effective with the large
mucord lesions which suggest myxomatous ncoplasms (Figs 42 and 49) since
lhey contam large numbers of cryptococcs In the more densely granulomatons
lesions, organisms may be so few that they escape detection both by frozen and
paraffin section techmics. It 15 in such mstances that speaal fungus stains and
cultures are most valuable.
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Becumuylapygng of
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X160 (aApyp 4,

the Ppulmonary
X220 (AFIP Accession No 265527 ) Larger
EPtococes have formed ® a result of seppal disintegration and vupture
ceession No 270523 )
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Fic 49-A Ths large discrete area of eryptococcal consolidation 1s situated centrally
withia the lung close to large blood vessels and bronche B The myvomatous character of
the cut surface of the lesion 1s appirent 10 a scgment of A magmfled 13 X actual szze  See
also Figs 11, 42, 50 and 53 (AFIP Accesston No 270523 )
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only coarse vacuohzation, speesal stains are required to demonstrate the presence
of eryptacocei within these vacuoles (Ing 41).

Even though the inf may be pucumonic, compl such as pleuritis
with effusion (Fig 4) are uncommon. Organisms, however, have been found
1 the pleural cxudate and in such cases the pleura may be studded with small
pale nodular Jesions.  Only exceptionally is there direct extension of the disease
process to the chest wall, mediastinum, or neck.™* Bronchopleural and theracic
fistulas are extremely rare in this mycosis

%
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Fic 51 -Although cryptococcal granuloma of the hing 15 varely encapsulited, the pe-
niphery of the leston often shows a remarkably abrupt cliinge from granulomatous nfamma-
ton t0 normal lung tssue  The lesion 1n this case was obtaned by surgical resection  The
Patient, 2 66-year-old man had a cold with cough, fever and weakness, chest x-rays revealed
2 27 cm mass projecting from the nght hlum  Differential diagnosis ancluded carcinoma,
syplubtic gumma, tuberculosts, and fungus mfection  On microscopic evammation Boeek's
sarcoid was considered as a diagnosss until cnyptococe: were demonstrated X S0 (AFIP
Accession No, 480736, contributed by Dr R H Fuller, Pathologist, St Mary's Hospital,
Tuscon, Anzona }

D 1 pul y ctyp 1s almost invaniably associated with
widespread involvement of other tissues and rarelv 15 encountered as a purely
respiratory disease Milary tubercles may be observed macroscopically, but
more often their presence 1s not detected until the tissues are studred histologi-
cally. Microscopic exammnation reveals small clusters of orgamisms m almast
every field Usually there 1s httle or no reaction to these fungus cells and the
p btained 1s that 1 d tion was termmnal  In some
cases, however, a Tisticcytic response 1s noted and a few well-developed granu-
lomas contamning grant cells may be seen among the multary lesions
Pathologic changes 1n the lungs may be compheated by the coexistence of
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Relatively small solitary granulomas of the lung in their carly stages of
development arc peripheral and though subpleural in location, (Figs. 2 and 45)
they rarely excite significant pleuritis (Fig 37). On microscopic exammation
of these lesions, the fungus cells are observed to fill and distend the pulmonary
alveol (Fig. 50). There is outpouring of histiocytic cells into the alveol and
many of the organisms are found within the cytoplasm of macrophages, others
remain extracellular. At first Ittle damage 15 done to the alveolar septa, but as
the orgamsms proliferate and distend the alveol, the pulmonary septa supture
(Figs 42 and 50B) As a result, larger collections of fungus cells are formed
and on gross exammation the cut surface of such a lesion may contam an
abundant mucoid exudate  Slight thickening of the septa is due to accumula-
tion of mononuclear cells. Hyperemia is rarely pronounced and diapedesis of
red cells into the alveoh usually js not seen

Larger pulmonary lesions, present longer than those just described, stll may
have a sumlar microscopic appearance.  Pleural reaction may be neghgible and
the pulmonary alveolar walls often remam intact. About the periphery of the
lesions, the transitton from granuloma to normal Jung is often abrupt, but i con-
tradistinction to tuberculoma, is without Kbrous encapsulation  (Fig. 51).
Macrophages tend to be larger and their cytoplasm frequently 15 filled with
mucicarmmophtlic droplets, representing capsular mucopolysaccharide that has
been engulfed by these phagocytes. Relatively little tissue necrosis is seen, even
m the very large granulomas (Fig 52) This 1s 1n contrast to the focalized
pul y lesions of hiod and histopl is in which lat
necrosis 15 characteristic, and the lestons of North Amenican blastomycosis n
which microabscess formation 15 the rule. The paucity of necrosis explains the
mfrequency of pulmons o T ’
countered, however, 1
culosts or in which the
scattered microabscesses contaming Vely rew tungus Cells mistakeily may arouse
suspreion of North Amenican blastomycosis  Discrete lesions in the lungs show-
g a peculiar type of caseation have been described by Baker and Haugen'*
(Fig 43) In these there 1s a massive accumulation of dead fungus cells with
but Ittle tissue reaction  This 15 1 contrast with ordinary caseation necrosis 1
which the tissue elements rather than the causative agent become necrotic.

Fibrosis and an abundance of giant cells may be seen about the periphery of
some cryptococeal granulomas, but only rarely, if ever, does the lesion resemble
the classic “tul loma” with ats 1c rings and | 1 collagen fibers
Even though the cryptococcal granuloma may be discrete and subpleural (Fgs
2 and 45), it lacks the pleural callus and other distingwishing features of the pul-
monary tuberculoma described by Mahon and Forsee®™ and others, 47

Scattered epitheliond tubercles are sometimes secn and 10 an occasional case
they may be so numerous and prorminent that a diagnosis of sarcoidoss 15 sug-
gested (Fig 41} As a rule those granulomas with more fibrosis, gant cells
and epitheliord tubercles contan fewer orgamisms Almost all of the fungus
cells are mtracellular, particularly within giant cells (Figs. 38 and 41). Since
toxylin and tained sections the cytoplasm of giant cells may show

in h
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disease and eryptococeasis coesist in the same hang, the problem of diagnosis is
more difficult. The fungus may actually infeet areas insolved by the lymphoma
and i such cases the entire pathologic process er 1y may be attributed to
cryptococeosts,  On the other hand, when portions of the lung are affected
separately by the lymphoma and the fungus, relatively ttle duifficulty is experi-
enced in dufferentiating the resulting lesions. ¥

2. CRYPTOCOCCAL MENINGITIS

In many fatal cases of cryptococcoss macroscopic alterations are fonnd
only in the nervons system and even here they may be muwimal  The bramn and

fic 531-A4 Cryptococcal menngitis
There 15 intense congestion of the sub-
arachanid vessels but minmmal exudate m
the Ieptomeninges over the cerebral bem.
spheres The cerebellr convolutions are
obscured by thick membranous exudate 1n
the sobarachomd  spacc The  densely
granwlomatous character of ths memngeal
reaction s Mhustrated wm ¥ig 57 (AFIP
Actession No 281869, contnbuted by Dr
W S Randall, formerly Pathologist, Ochs-
ner Chowe, New Otleans}™ ™ B Part of
the dorsal surface of the cerebefum 18 cov-
end by a phitic menngeal exudate, See
abo  Plate M (AFIM Accesson No
519717

menmnges are hyperemic and there 15 shght fattemng of the cerebral convolu-
tions “Meningeal reaction 1s often moast pronounced over the base of the brain
and dorsal surface of the cercbellum where the b lose their trams.
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other diseases. Patients with eryptococcal ing phalitis frequently have
non-mycotic pneumonitis caused by bactenia or aspiration of foreign material
These lesions duffer from those of eryptococeosis in their purulent and necrotizing
characteristics  Tuberculosis and cryptococcosis have been found to coexist in
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Fic 52—A In most pulmonary lusions of cryptacoccoss the reticulum framework of
the lung shows rclatiely httle alteration  Retwulum stam, X 60 (AFIP Accession No
557542) B In some cascs tissue necrosis and caviation may be observed, hematoyhn-
cosin, X 50 (AFIP Accession No 337884 )

the same Jungs. True caseation necrosis, charactenstic of tuberculosis, 1s not
observed 1 cryptococcosis

Lesions of cryptococcosis are known to co-cxist witn those of coccidiordo-
mycosis, istoplasmosts and nocardiosis  In every instance the lustologic diag-
nosis has been possible because of the characteristic tissue reactions and the
demonstration of causative organtsms m the Jeswons.  However, when Hodghin's
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assaciated with a g cellular response, the membra may adhere
to the cortex In some cases of prolonged duration or following intensive in-
trathecal therapy with antimy cotie agents, fibrosis of the meninges 15 prominent
{Figs 53 and 5G).

Fic 55 A Extensine menngocence phalitis, same case llustrated i Figs 11, 42, 49 and 50
There 15 vaniable thickening of the memnges and distention of the subarachnond space by the
charactenshe mucinous exudate  Multgle minute cystoid spaces flled wath cryptococet and

< capsular polysacchinde are ditnbuted along the cerebral gray matter B Enlarged
4X (AFIP Accession No 270523 )

Microscopically, the degree of the menmgeal reaction vanes from one area
to another Frequently there are foc: in which the subarachnoid space 1s dis-
tended by multtudinons organtsms and the cellalar reaction 15 mmimal  An
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parency, become thickened and obscure the underlying bran parenchyma
(Fig. 53).

The sut hnoid space is ch istically d ded by a light grayish,
adherent exudate which may have a distinetly mucoid appearance. Sometimes
the bram surface appears as though covered by tiny soap bubbles (Plate IG and
H). Even though the leptomeninges over the cerebral hemispheres show mini-
mal change, there may be significant alterations about the brain stem and basal
cisterns. The exudate may cover the base of the brain and superior surface of
the cerebellular hemispheres in a untform manner (Fig. 53) or there may be

Frc 54.~Chronie crypto-
caccal leptomeningiis 1n
a 55-year-old white man
who had frequent con-
vulsive seizures for more
than four years Ven-
triculography showed in-
ternal hydrocephalus and
evidence of a tumor n
the posteror fossa A
ghstening plastic exudate
adheres to the optic cht-
asm, baslar artery, and
bran stem  (AFIP Ac-
cession No 265063, con-
tnbuted by Dr W B
Dublin, formerly Pathol-
ogist, Indianapolis Gen-
eral Hospital, Indianap-
ohs Indiana ) (See
alsa Fig 56)

patchy mvolvement of such structures as the chiasm (Fig. 54), the entrance to
the sylvian fissure, the gassenan ganglion, or certam cramal nerves (Fig 55 and
Plate 1E)

Sometimes tumor-like formations develop in the memnges or minute tuber-
cles oceur along the course of small blood vessels  In rare nstances mentngeal
involvement can be traced to direct extension through the skull from lesions in
the middle ear, accessory nasal sinuses or orbit

When the subarachnoid space 1s filled with a mucoid evudate, the mem-
branes can be hfted off with easc  When thes 1s done, the surface of the cerebral
convolutions may reveal fine dimpling, each dimple representing the site of a

stord lesion formed by a collection of fungus cells and their muconl capsular
substance.  If the menmgeal reaction 1s of the patchy type, and espeaially of 2tas
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Fic. 57 ~Granulomatous lepto- .:;tt\?«'
meningatis due to C. neoform. (330
ans The subaracheid spice s V%,
Elled with a dense accumula- ¥353
ton of chrome inRunmtory &
ol including a large number JE05% - .
of foragn body type gt 3RS e et
eclls The fungus secovernd BEVELD .
from this patients spiml fuld §FASET,

was extremcy senutive to Jow FaZ by
concentrations of - Actidone. @€Y
Ths was the first case treated (i}
with Actidione ™ During gy 47 L
thase periods when the patient

was fecenang the dnug, cul-
tures of spinal flnd showed 2 &
lowered  colony  count, these
was less fever, the spal fuid
presare was lower, and papil-
Iedema  regressed  When
consecttive spmal flud eultares
were pegative, it sermed that
the nfection was  controlled
The pabent, howerer, had
Tacksonuan serzuses, became stu
porous, then comatose, and died
Sce abo Fig 534 and Plite 1E
{AFIP Accession No 261869,
contributed by Dr W S
Randal, formery Fathologmt,
Ochsner Cline, New Orleans }

Bigre




™ CRYPTOCOCCOSIS

adjacent microscopic ficld often shows a prominent histiocytic response, most of
the organisms being found within the mononuclear inflammatory cells Grant
cells are nvariably present, though their numbers may be great or small

In some cases the meningeal reaction is denscly granulomatous with an
abundance of giant cells (Fig. 57). The fungus cells are always less numerous
in reactions of this type, but usually they can be demonstrated without a pro-
longed search. Special stains for fung: are especially valuable in such cases.
Occasionally, when the cryptococeal forms are extremely few their differentia-
tion from B. dermatitidis or C. immitis is difficult, but special stains for mucin
will assist in the dilferential diagnosis (See Appendix, formula 18, and Plate
IVC and E).

1 the meninges of a man who had con-
{AFIP Accession No 285063 )

While the eryptacoceus elicits a typreal phagic cellular resp
focal exudation of polymorphonuclear leukocytes 1s observed m rare cases
(Plate IIC} This reaction, however, 1s seldom of a degree that would lead
to confusion with the acute bacterial menmgitides  Moreover, the charactenistic
cryptococeal forms are found among the pus cells, so that an ctiologic dragnosis
can be made

3 CRYPTOCOCCAL ENCEPHALITIS

Diffuse mnvolvement of the neural parenchyma may develop i citlxc‘r of h}w
1 inf the

s The first 1s the result of extension of the I3 along
“:rivascular sheaths 1nto the bram substance (Figs 39, 55 nn(:l Plate IG and
‘l’!) Proliferation of orgamsms therefore may occur at varying depths be-
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Fie 59 -Sharply crcum-
scribed collections of
cryptocoecd deep in the
bram  parenchyma.
There is httle alteration
in the tissue immediatcly
adpcent to the lesions
(A AFIP Accession No
195313, X 65 B. AFIP
Accession No 270523,
X 160.)
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neath the brain surface so that the sectioned bramn appears wregularly studded
with ¢ysts of pin-pont to pm-head size, found predomuantly 1 the gray mat-
ter On mcroscopic exammation, some sections will show the cystoid lesion
g with the subarachneid space by a long narrow penvascular zone
of involvement, the entire leston presenting a flask-shaped contour {Fig. 39)
The second mec} by which p t lesions are produced 15
embolism ¢ Embolic lesions are best recogmzed when deep-seated  When
superficial, they are not distingwshable from those produced by direct esten-
sion from the memnges Collections of cryptococas found beneath the epen-
dyma, w the penventricular and peraqueductal gray matter, in the basal gan-
gha, 1n the dentate nucleus of the cerclellum, and in the white matter of the
cerebral hemuspheres are almost certamnly embolic (Fig 58)
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e
Fic 58 —Deep-seated lesions believed to represent hematogenous localization of crypto-
cocci A Minute cystord focr arc seen in the cerebral cortex but the basal gangha are
much more etensnvely molved In addition, a Iirger discrete mass with ghstening mucerd
appearanco 15 present 0 the lentiform nucleus and intamil capsule on one side B The
cerebellir cortex s spared but typical Jesions are observed in the dentate nuckus,  (AFIP
Accession No 195313, contnbuted by Brooke Army Hospatal )
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Fic 61 —Extreme ventricular didatation and cortical atrophy due to severe long-standing
aryptomceal phal were as showing evidence
of a tumor 1n the postenor fossa. See also Figs 54, 56 and 62 (AFIP Accession No
265083, contnbuted by Dr W B Dublin, formesly Pathologst, Indianapohs General Hos-
pital, Indianapolis, Indiana )

gal masses, which accounts for the cystic appearance of the lesions m fixed
speamens  The cyst formation had once been attributed to a histolytic action
of the fungus, hence the name Torula hustolytica, but such actvity has never
been proved. Freeman and Weidman grew the fungus for weeks on sterile
brain wathout observing digestion of tissue *#1**  Furthermore, compression of
the adjacent tissues without the evatation of a sigmificant mflammatory re-
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p-seated parenchymatous lestons of extremely granulomatous character
See also Fig 57  (AFIP Accession No 261869 )

Parenchymatous lesions, whether produced by embol or by of
the microorgamsm from the meminges, are typically small, cystoid and perwvas-
cular (Fig. 39). When fresh bran tissuc 15 sectioned these lesions are found
to be filled with mucoid 1 repre g the lated capsular poly-
sacchande of the fungus cells. Formalin fixation causes shrinkage of the fun-
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Fic 63 —Oblteratne endartenitis secondars to lomatous e ptococ cal

A A discrete granuloma m the mennges of the spinal cord surrounds an artery (arrow) that
shows pronounced narrowing of its lumen as a result of mtimil prolferation X 60 (AFIP
Accession No 159793, contrbuted by Letterman General Hospital, case reported by Gifford
and MMulbnghorst™ B An extremely reaction m the lep of a
Patient who was thought to have tuberculous meningitis  Asteries shown 1n the upper nght
and lower left comers of the ilustration hase marhedly thickened intimal coats X 125
(AFIP Accession No 232094, buted by Veterans A Hospital, 3
Washsagton )
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sponse is more in keeping with the concept of an expanding spherical mass of
fungus cells Tissue elements, including nerve cells and fibers, are scen m the
cyst wall in intimate relation with the encapsulated organisms (Fig, 59). The
nuclei and cytoplasmic granules of the adjacent nerve and ganglon cells are
preserved **  Inflammatory cells other than macrophages are very few (Fig.
59). Fungus cells and an abund of capsul pol hande form the
contents of the cysts.

Parenchymatous lesions of two other types are seen in addition to non-
reactive cystoid lestons  One 15 a dense granulomatous process similar to that
found in the meninges (Fig. 60). Fungus cells are fewer and there is an abun-
dance of 1! 1 and mfl; y grant cells  Varying degrees

Fic 62 ~Granulomatous
thickenng  of  choroid
plevus (arrows) i widely
dilated lateral ventricle
Same bram shown n Fig
61 {AFIP Accession
No 265063 )

of ghosis are seen in such lesions. The second type resembles encephalomalacia
(Plate 1ID) Under low power microscopy the neural parenchyma appears
disrupted and edematous  The area 1s heavily mfiltrated by “gitter” cells. It
is 1n lesions of this type that the fungus cells are most easily overlooked, not
because of therr small numbers, for they are numerous, but because they are
diffusely mtermingled with microgha, a large proportion being located as single
orgamisms withm the cytoplasm of these cells

Infections allegedly caused by Cryptococcus ncoformans have been de-
senbed 1 the newborn 7 ¢+ ¢ These infants presented climeal, radiologie,
and pathologic features characteristic of toxoplasmic encephaltis and chorr-
oretinitis. Mineral concretions with striking stmulanty to cryptococa were, n
our opinion, responsible for the erroneous diagnoses (Fig 82) It 1s doubtful
that these were other than Tovoplasma gondu infections

A variety of sccondary changes may be observed  Obstruction may occur
anvwhere in the ventricular system, as a result of which mternal hydrocephalus
dc;/elops (Figs 14 and 61) Mihary granulations (Plate IF) or large masses
ing fllmg defects in the ventrcular system may be observed to project

produc:
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Fie 63 -Obhteran J secondary to Jomatous cry plococcal
A A discrete granuloma in the meninges of the spinal cord surrounds an artery {arrow) that
shiows pronounced narrowing of ats lumcn as a tesult of mtmal proliferation X 60 (AFIP
Accession No 159793, contbuted by Letterman General Hospital, case teported by Gifford
and Hullinghorst™ B An estremely granulomatous reaction 1 the leptomeninges of a
Patient who was thought to have tuberculous menngitis  Arteries shown in the upper nght
and lower Left comners of the ilfustration have marhedly thickencd mtimal coats 125
(AFIP Accession No 232004, buted by Veterans Ad Hospital, Vancouver,
Washington,)
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into the ventricles from the subependymal gray matter or from the chorowd
plexus (Fig, 62).

When ingeal lesions predomil there may be an cxternal hydro-
cephalus and compression atrophy of the cerebral convolutions. In cases of
long duration in which there have been repeated exacerbations and remissions,
fibrosis and ealcification wall be found.#* The memingeal vessels may show pro-
nounced obliterative endarteritis (Fig. 63). Contraction of scar tissue may lead
to added deformity of the brain and 1ts ventricular system, In Case 3 of Mos-
berg and Arnold™* in which the spinal fluid returned to normal after extensive
and varied therapy, autopsy revealed no active infection but extensive secondary
brain damage.

4. SPACE-OCCUPYING GRANULOMAS OF THE CENTRAL
NERVOUS SYSTEM

Frequently one or more discrete tumor-like granulomas may be found in
any part of the bramn, cord, or their meninges (Figs 16 and 64). Lesions of this
type account for the neurosurgical procedures performed on almost one-fourth of
the reported patients with nervous system cryptococcosis® (see page 20). The
granulomas are roughly spherical masses which may be deep-seated in the cere-
bral parenchyma, or located more superfically in the leptomeninges  They may
displace the ventricular system (Fig. 15)  Space-taking dural granulomas even
occur (Fig 64) and these may be associated with secondary changes in the
cranial bones  Only rarely does a meningenl lesion develop secondary to bone
infection due to a primary process in the sinuses, middle ear or orbit.?*

5 INVOLVEMENT OF SKIN AND MUCOUS MEMBRANES

Cryptococeal infection of these tissues in man 1s usually a manifestation of
systemic cryptococcosis (Figs. 17-21)  The fungus may localize and proliferate
1n the corrum, or the skin may be involved by direct extension from an adjacent
bone lesion (Figs 22 and 46). Draining sinus tracts from infected internal
organs are seldom encountered in cryptococcosis In some cases there is a
tremendious accumuation of funges cells and therr mueivous capsalar material
m and beneath the cpidermis  The epidermis b hed and d
by the growth of orgamsms (Fig 65) Ordinanly in cryptococcosis there is
Ittle or no reactive hyperplasia of the eprdermis (Figs 46 and 65) and the
cancer-like proliferation, swhich 1s so characteristic of cutaneous blastomycosis 15
rare in this disease  On the other hand, eryptococcosis of the soft tissues may
mmic subcutancous myxama or lipoma both chnically and grossly (Fig. 18)
The cut surface [ a gl mucoid apy but the tissue is of
moderately firm consistency These cases are recogmzed microscopically as
cryptococeal mfections wath httle difficulty smee the fungus cells are present
in vast numbers

In other cases the cutancous and subcutaneous tissues respond with a great
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Fic 84~A granulomatous mass measering 5 em 1 drimeter 15 attached to the dura that
corers the floor of the mddle fossa  Multiple prpilliry excrescences of transhicent tissue
Project from the surface of the mass, When the dura was stripped away from the baay floor
of the tuddh. fossa, openinzs anto the wner table of the skull were disclosed  The patient
Yad had severe “sinus trouble™ for o month, then developed fever, clulls, and convulsve
serzutes Spinal fluid examination revealed the presence of yeast” The patient became
comatose and died  Although autopsy revealed diffuse cryptococcal memngoencephalitis,
tus dural mass was the only leston of tumor-bike proportions  { AFIP Accession No 63555,
contributed by Lt Col G R, Callender, Walter Reed General Hospatal )

Vacrai fuced

amount of capsular polysacchande, and when vtop may be
with Histoplasing capstlatum (Fig 46)  Mycologie and histochemical studtes
are required before an unequirocal diagnesis can be made

In both types of cutaneous response the overlymg epidermis tends to become
vlcerated The non.reactive lesions exude a mucsnous material from which a
dragnosis may be established readily by direct examination, culture or animal
moculation (sce Laboratory studies, pages 96, 99 and 111)

6 CRYPTOCOCCAL INVOLVEMENT OF OTHER ORGANS

Although vistually any tissue may become mfected by this fungus, localiza-
tion rarely occurs elsewhere than in the lungs or nervous system, however, a few
such cases are on record  These localized Jesions mvanably cause considerable
diffculty in both chmeal and pathologic diagposis  Lesions in these unusual
sttes, as m the lung, are often densely granul and contain relatively few
orgamsms which may be overlooked or else mistaken for H l 1

{ ¥
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Fic 65 —Photonscrographs of one of the strawberry-Ik eruptions
m Fig 17 There 1s extensne mhltration and probferation of cryptococer within and be-
neath the epidermis A Tlcre 18 wlceration of the cpidermis and fungus cells may be seen
on the surface of the shin as well as in and beneath the epithehum  Penodie acid-Schul re-
action, X80 B The masswe growth of fungus celly has caused an extrame degeee of at-
tenuation and elongation of the puthciam but ths 1s not active pscudoepatheliomatous hyper-
plasa of the type typi 0 of North Amencan blstomycoss  Heomatoghn-cosn, X 60
C Probferation of ervptocoras within the (pmdunms  Persodic acud-Schiff seaction, X 175
(AFIP Accession No 701626, contnbuted by Dr F Linell, Dcpartment of Patholagy, Lund,
Sweden ™)
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ic 66 - Cryptococeal
choriorctimts The pitient,
a THycar-old woman, hid a
Blnd, punful eye which
was enucliated  There was
no other evidince of cryp-
tococl infection and after
opumtion the  patient  re-
mained well for 8 years A
There 18 massne thickening
of the rctina between the
ora serrata and the optic
disc on the temporal side.
The lige pale arca (ar.
rows} within the retinal
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Iesion represents a massive proliferation of fungus cells shown at greater magmificahion n B
Uematoylin-eosin, X 4 8 The size of the lesion 15 due to a tremendous accumulation of
Shptococer and abundince of capsular polysacchunde, with 2 puaty of mfammatory cells
Hematoyhn-cosin, x 355 C The chorord (c) responds wath a granulitomatous reaction
“hile the retiua (r) and pigment epithelum (p) are neerotc X 225 Because of the
ycebun-bike strands of Lssue debrs shown m B, the fungus had been interpreted as Candida
for several years Restudy of the sections with apphcation of the newer staning techmcs,
especaally the mucicarnune stam, left no doubt that this fungus was i the genws Cryptococcus
(AFIP Accession No 161194, contnbuted by Dt R J Gray, Pattsburgh, Pa ) Case seported

by DeBuen et al* Compare with very sumilir case tliustrated n Plate IB
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Fic 65 —Plgtomicrographs of onc of the strawbesrv-hke cutancous cruptions tllustrated
w Fig 17 There 15 evtensine whltration and prolferation of cryptococct withtn and be-
neath the epiderans A There 1 akeration of the epiderms and fungus cells may be scea
on the surface of the shin us wcll as 1 and beneath the eprthebunt
action, X80 B The massne growth of fungus cells lias caused an extreme degree of at-
tenuation and elongition of the ¢mthelum but tlas 15 not active pseudocpitheliomatous hy per-

Periodic acid-Schiff re-

plsia of the type typical of Noth Amencan Blastomycous Hematovyhn-oun, X 60
€. Probiferation of cryptococtt withm the ¢pideraus  Penodic acid-Schuff seaction, X 175
(AFIP Accession Mo 701626, contributed by Dr I Linell, Department of Patbology, Lund,

Sweden.™ ™)
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represent massive accumulations of cryptococer with mimimal cellular response  Hematotylin-
cosm, X 65 B Actve prolferation 1 evident by the lirge numbers of budding fungus cells
and the formation of elongated germ tubes (pseudomycehum) (arrow)  Periodic acd-Schff
reaction, X 330
or another fungus We have been impressed with the difficulty n the histo-
pathologie d of soltary cryp 1 g i of bone (Fig 46) and
the eye (Fig 66)

Sometmes, 1 the course of dissermmation of the cryptococas, one organ be-
comes more extensively mvolved than others The adrenals, for example, may
be so 1y d d that P of Addison’s disease are produced
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Fic. 87.—Disseminated cryptococcosis n a
patient with Hodghin’s discase,  Munute
lesions contarmng fung, but fow inflam-
matory cells, are present in many tissues
(arrows) See abo Fig 68 and Plate
UE. Al sections staned with mueicar-
mune and counterstained with iron he-
matoxyln, (AFIP Accession No 152949,
contributed by Walter Reed Army
Hospital.)

A Liver x 100
B Lung X 250
€. Kidney X 250
D. Adrenal X 65

CRYPTOCOCCOSIS
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Fic 70 ~Testicular fesian contaumng Lirge numbers of stmall eryptococcs, % 200 From
same case as Plate I (AFIP Accession No 105343 )
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in the smusoids of liver, spleen, bone marrow, and adrenal glands (Figs, 67 and
63, and Plate 1L and F) In fact, minute mflammatory focs, imtially consid-
ered non-specific, which may be observed i practically all tissues examined
{Fags. 27, 69 and 70) are often proved to contam cryptococar by special stainming
(Fig 69).

A large vegetahion on the nutral valve and minute vegetations on the aortie
valve, both produced by C ncoformans, have recently been encountered at
antopsy m a patient with chrome rheumatic heart disease (see page 151)
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(Plate IC). In one case we have reviewed, the adrenal lesion at autopsy was
thought to be a primary neoplasm and the gross appearance of the brain sug-
gested metastatic tumor until microscopic examination revealed all lesions to be
eryptococeal granulomas  Similarly, massive lesions of bones may be misinter-
preted as neoplasms or non-specific infl The gross appearance of
these solitary cryptococeal lesions 1s seldom distinctive although the unusually

Fi6. 69 —Cryptococeal myocar-
ditis in @ man with reticelum
cell sarcoma A With hema-
toxylin and eosin stawa the in-
flammatory cells obscure the
few fungi present m the sec-
tions X 100

B With the Cndley
stan, the inflammatory
cells remamn  unstaned
and the cryptococer are
readly found, X 400
{AFIP  Accession No
232406, contrbuted by
Army and Navy General
Hospital, Hot Springs,
Atk) (See abo Figs
27 and 37 )

B
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mucord character of some masses (Fig 24C) shondd arouse suspicton of erypto-
coceosts

Enlargement of teral organs to the degree that they are chimcally evident
or obvious at autopsv, 1s decdedly unusual  On the other hand, widespread
microscopre visceral lesions seen only on histologie study are more frequently
detected now than mn the past Disserunation of an extreme degree 15 seen i
those cases of malignant lymphoma or leukerma 1n which the fungus infection
scems to be a terminal event (Figs 27 and 67-70, and Plate HE and F) Sn':\“
clusters of cryptococe) are seen the renal glomerult {Plate 11A and Fig, 67),






PLATE II

A ~Mucinous casts stained pmk by muet-
carmine are observed in the renal tubules
Note that pink-stained cryptococer are present
1 the glomerult but not in the casts X 100
(AFIP Accession No 152949 )

B ~Lipowdal granules stamed brillant red
are present within the fungus cdl (amow).
Frozen section of formahn-fived mouse lung
expermentally infected with C neoformans
Ol red O stain, X 800 (AFIP Neg No
53-10580 )

C —An unusual necrotizing 1nflammatory
tesponse  with intense exudation of poly-
morphanuclear leukocytes 15 seen about the
pnk-staned cryptococet  Mucicarnuae with

C. NEOFORMANS IN TISSUE SECTIONS

E ~Small but widely disseminated collec-
tions of cryptococci are frequently observed
in the bore marrow of those pattents who
have had a pre-existing malignant lymphoma
or leukemia, The fungus celly are stuned

ik by mucicarmine  Repeated mitrogen
mustard and roentgen therapy account for the
severe depletion of normal marrow elements.
X 185  Same case illustrated 1 Figs 67 and
68 (AFIP Accession No 152949 )

F.—~Thus section of a bone.marrow fragment
{stamed by penodic acid-Sctuff reaction) was
obtained by sternal marrow aspiration from a
patient who had recenved x-ray, nitrogen
mustard, methy! bis-amino-hydrochloride, and

hyl 1 for Hodglo's disease

hematoxylin, X 850. (AFIP A No
265063 )
D.—Cryptococcal encephalomalacia  Mac-

rophages (stamed yellow-brown) have phag-
ocytized most of the pink-stamed fungus cells
Muctcarmine  with  hematoxylin, X 283
(AFIP Accession No 546861, contributed by
Veterans  Admumstration Hospital, Beckley,
West Virgima )

90

The cryptococes, staned here an intense red,
were found quite unexpectedly m the matrow
smears and sections, The fungus was abo
demonstrated subsequently in the spnal flud,
urmne, and blood (AFIP Accession No
195343 Marrow smears and sections con-
tabuted by Col H A Van Auken and Maj
J. B Akeroyd, Brooke Army Hospital ) (See
also Figs 58, 59 and Plate 114 )
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PLATE 11,

A—Mucinous casts stamed puk by muci-
carmine are observed m the renal tubules
Note that pink-stained cryptococer are present
m the glomerult but not n the casts X 100
(AFIP Accession No 152919 )

B —Lipmdal granules stamed brilhant red
are present within the fungus cell (arow)
Frozen section of formaln-fied mouse lung
expenmentally fected with € neoformans
Ol red O stam, X 800 (AFIP Neg No
55-10580 )

C—An unusual necrotzng inflammatory
response with intense ewudation of poly-
morphonuclear leukocytes 1s seen about the
pink-stamed cryptococer  Mucicarmine with
hematowyhn, X 850 (AFIP Accession No
265063 )

D ~Cryptococeal encephalomalacia Mac-
rophages (stamed yellow-brown) have phag-
ocytized nost of the puk-stamned fungus cells
Mucicarmine  with hematoxylm, X 285
{AFIP Accession No 546861, contnbuted by
Veterans  Admmstration  Hospital, Beckley,
West Virgima )

90

C NEOFORMANS IN TISSUE SECTIONS

E—Small but widely dissemmnated collec-
tions of cryptococei are frequently observed
m the bore marrow of those patients who
have had a pre-existng makgnant lymphoma
or leukemia The fungus cells are staned
pmk by mucicarmme  Repeated mtrogen
mustard and roentgen therapy account for the
severe depletion of normal marrow elements
X 185 Same case illustrated 1n Figs 67 and
88 {AFIP Accession No 152949 )

F —This section of 2 bone-marrow fragment
(stamed by peniodic acid-Schuff reaction) was
obtatned by sternal marrow aspiration from a
patient who had receved x-ray, mtrogen
mustard, methyl bis-amimo-hydrochlonde, and
triethylene melanne for Hodglm's disease
The cryptococes, stuned here an mtense red,
were found quite unevpectedly i the marrow
smears and sections The fungus was abo
demonstrated subsequently in the spial find,
urme, and blood (AFIP Accession No
195343 Marrow smears and sections con-
tnbuted by Col H A Van Auken and Maj
J H Akeroyd, Brooke Army Hospital }  (See
also Figs 58, 59 and Plate 114 )



IX. Laboratory Studies

GENERAL LABORSTORY STUDIES, nonspecific in nature, are seldom helpful in the
diagnosis of cryptococcosis.  Alterations in the fornwd elements of the blood or
in ats chermieal composinon sarely become pronounced.  There may be a mid
degree of anemia and levhocytons  Sigmficant deviations when present uswally
indicate a pramary hematologie disorder of some other etwology.  Farlute to note
ths fact has led to the ervoncous lusion that the eryp can provoke
a leukemond reaction or cause profound anemia.  Likewise, eosinophihia, when
present & case of cryptococcosts, should be attnbuted to some other process.
As with most ink , the hlood sedi rate is sed

An increased utilization of speeific laboratory procedures could result m
discovery of many cases that often remain unrecognized and undiagnosed until
pathologie studies reveal the myeotic nature of the disease. Exammation of
the sputum 1s particularly smportant  The Qiagnosis of localized cryptococcal
grannloma of the Jung has rarely been made pror to thoracotomy, yet pathologic
examnation of resected tissues mdicates that dragnoses would be possible more
often and carher if appropriate studies had been undertalen, It 1s not difficult
to demonstrate fungus cells within the exudate contained in the lumens of
broncly (Fag 71) It s our impression that all too often sputum 1s examined
onty for acd-fast bacill and tumor cells, and that other possible causes of lo-
calized ling lestony are distegarded dunng the preoperatine “work-up”  Per-
haps this 15 due to a misconception that laboratory studies required to establish
the diagnosis of myvcotie disease are too speaahized and too expensise for the
average chmeal laboratory  This certanly 1x nat the case, especially i erypto-
coecoss, sinee fungus cells can be & d by direct e tion of tisswe
Awds and exudates even more reachly than tuberde baalh or neoplastic cells,
Furthermore, culture studies are no more difficult and are even less time-con-
suming than for M tubercrdosss The notion held by many physicrans and tech.
uicans that all yeasts recovered from the sputum are nonpathogenic accounts
for other missed diagnoses,

‘The most imp lab v P dure 1n susp d eases of Cryp )|
memngitis 15 examnation of the spraal flud  The flud 1« usvally obtuned une
der increased pressure and, i the early stages of the disease, 1t 1s clear and may
contam only a small number of white blood cells and cryptococet  Upon subs
sequent wit Is and with prog discase. the spinal fluid becomes
tarbid or xanthochromie, and may contamn particles grossly visible to the eye,
The number of white blood cells in the spinal flwid 1ncreases considerably, the
wwal range bewng between 300 and 700 per cu mm, winle the number of
rptocaccs may hecome very great A cryptococcal count of the spinal fiunid
of one of our recent patients reached 8000 per cu mm  The predominant cel)
type 13 the [ymph , although lly 93 per cent of the total may be
potymorphonudlear teukocytes Spinal flmd albumin and globulin mey ine

33







LABORATORY STUDIES 93

Institute of Pathology., The first evidence of complicating mycotic disease was
noted when cryptococci were discovered in smears of bone marrow (Flate HF).
Subsequently the fungus was isolated and identified during life from the unne
and spimal fluid, and at autopsy from the heart’s blood
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Fic 72 ~The bidney 15 one of the organs mast frequeatly mvoh ed 1 dissemmated o1y po-
coccoss  Although the fungus cells often become entrapped 1 glomerulir capillartes, A, they
also pass snto the tubules, B Hence unne culiure is another important means by which a
clinieal diagnosis may be established A and B both are mucicarmine stans, X

1 CYTOLOGY OF THE FUNGUS

Cryptacoccus ncoformans in culture 15 a spherical to oval yeastlke cell
which vanes from 25 to 80 microns in tiameter, but usually falls in the range
of 4 to 7 microng 5 3*  Qccasionally m tissue the diameter, exclusive of the
capsule, may reach 15 microns The cell reproduces by budding and 15 sur-
rounded by a refractile mucinous capsule which ss readily demonstrable in India
wk mounts (Fig 73) Thuckuess of the capsule vanes considerably with differ-
ent strains and cven within the same stram It may be very thin or it may reach
7 microns m thickness The encapsulated cell m culture has a total diameter
which averages 10 microns but which may reach 18 mmcrons  Parent cells with
single buds are always seen Some of our cultures have shown simultaneous
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ereased and, as a result, the specific gravity reaches the upper hmit of the nor-
mal range (1.003-1.008). Sugar and chlondes are usually reduced, as occurs
in tuberculous meningttis. The collordal gold curve is vanable, any type of
reaction may be observed.

Disseminated infection by C. neoformans seldom s recognized ante mortem
unless there are visible or otherwise demonstrable lesions in the skin, mucous
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{ Fic 71—The prescnce
N of cryptococer withm the
R lumen of bronch, A,
P and  blood vessel, B,
v suggests  that  chnical
A dingnoms by culture of
(=¥ 3 sputum  and  blood
i should be mado more
5 frequently 4 Cudley
f;" stan, X 55, B Hema-
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membranes, or bones  Our pathologee studies, however, have revealed the fre-
quency with which orgamsms may be found 1n the renal glomeruli and tubules
(Fig 72), hepatic smusoids (Fig 67), lvmph nodes, and bone marrow (Plate
1IE and F) Such observations suggest that more frequent use of cultures of
blood, urine, and tissues, obtamed by needle or surgical biopsy, would establish
the diagnosis more often  As an example, we cte the case reported by Bowman
and Ritchy,* in which C ncoformans was recovered from the unne although
repeated cultures of the bload and spmal fluid remained stenle.  Another ex-
ample is an unpublished case of Hodghin's disease on file at the Armed Forces
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Fie 4 ~C_ocolormans wclied from the spinal Bud of 4 38.ycar-old hite an who
died of s formed but there 15 no
well dereloped mveelum  The (-ymphsm o it ie granules and vacuoles, some
of which are hpoudal (see Plate 11B), The cell wall 1s distinct and of moderate thickness
Sabine mownt of culture 3 805 {AFIP Negative Nos. $5-10002 and 53-10003 )

budding at several points on the mother cell*" as well as formation of double
buds,* and these usually have a thinner capsule than the parent cell (Fig. 73)
No true mycehum is produced but sev eral cells 1n chains, or elongated yeasthke
cells 2} may be formed in culture (Fig
74) or tissues {Fig. 68). The cell wall 15 distinct :md 15 of moderate thickness,
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Fic 73 —India ik mount of spinal fuid sedtment containing budding C neoformans A
Muctnous capsule of the orgamsm appears as 4 tramsparent halo, but not all cells are encapsu-
Lited X 100 B Reduung the hght by lowenng the substage condenser renders the central
cell sisible within its mucenons capaule X 805
tion of daughter cells

C throngh H
x 1600

Budding process and form.
(AFIP \egatne Nos 218120477 to 481 )
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Fi 75 —Attefacts m sputum described by hurung™ A Fat celly presenting a super-
fiaal resemblince to budding yeasts X 800 B and € Colorkss myelm globules abo
sesemble budding farms and peeadamycelium X 800 D Magle poflen, x 800 E Asbes-
tos bodies, which have a yellowssh color X 800 F Highly refractile, slender, wavy
Bbrls of elastic tissne X 200 (Courtesy of ] M Kurung*™)
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but it is less conspicuous than that of yeast phase cells of Blastomyces derma-
titidis. The cytoplasm usually contains refractile granules and vacuoles 3374
73 and 74), some of which are lipoidal'ss (Plate 1IB). Cells of pathogenic
C. neoformans are more spherical and more Inghly granular than C. neoformans
var, mnoctous *  Endospores aie not produced, although some cultures do show
a peculiar, thick-walled tnangular cell containing a single body near the apex,
wnterpreted by some as an ascospore'® and by others as a modified capsule 253

2. DIRECT EXAMINATION OF TISSUE FLUIDS AND EXUDATES

Because of 1ts transparency, the capsule of the cryptococeus is not easily
visuahzed under the microscope with ordinary illummation  Reducing the light
by lowering the substage condenser or by closing the 1ris draphragm will facth-
tate its demonstration  Specimens of pus, sputum, exudates and spunal fuid are
first examined unstained with Jow and high power microscopy, and then by India
ik mount, Sputum examination, in particular, should not be neglected, since
demonstration of the orgamsm and recovery m pure culture is relatively sumple.
Tenacious specimens are mixed tn a test tube or on a slide, using equal volume
of 10 per cent sodium or potassium hydroside to dissolve tissue and blood ele-
ments and to free the fungal cells which resist the solvent effect of the alkah
Specimens, 1f sufficiently fluid, may be mixed directly with fresh India ink and
examined for encapsulated orgamsms  Artefacts i sputum, oceasionally con-
fused with cryptococei and other fungy, arc lustrated m Figure 75

Air-dried, and heat- or aleoholfixed smears stamed by Gram’s method are
completely unsatisfactory, and, 1 fact, may be misleading for the recognition of
cryptococer m tissue fluuds and exudates  The extreme shrinkage and distortion
of the fungus cells and the wrregular staining occurring in such preparations (Fig
76) may cause the orgamsms to be overlooked or dismissed as crenated erythro-
cvtes or disintegrated leukocy tes

Spinal fluid 1s first d without centnfugation  If eryp are not
detected on direct microscopie exarmnation, the spinal flud 1s then centrifuged
with stenle precautions for ten minutes at 3,000 rpm, and the supernatant portion
poured off for chemical stuches

One drop of the sediment 15 cultured A second drop 1s mixed on a scrupu-
lously clean shde with an cqual volume of fresh undiluted India ink A cover
glass 15 placed over the preparation mmediately n order to prevent drying and
the formation of artefacts It 1s first examned under low power (10X) objective
of the microscopz with lowcred condenser (Fig 73A), then with high dry (43X}
objectve (Fig 73B) Ol immersion 1s unnecessary  In the India ik mounts,
the muainous capsule of the cryptococeus appears as @ large transparent halo
Upon reducmng the mtensity of the light, the cell proper, with or without single
buds, may bz seen i the center of the capsule (Fig 738)  If brght illumimation
without India i\ 1s used, the capsule 1s mvisible, and the yeast cell may then be

mistaken for a lvmphocyte or a red blood cell

Demonstration of encapsulated yeasthike cells i spmal flurd 1s prima-facie
evidence of cryp cal , since no other encapsulated fungal species
1s capable of mvading the nenvous system of man or amumals A second speci-
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men, nevertheless, is always req 1 for further p ination, cul-
ture and pathogenicity studies  The persistence of “red blood cells” in the acetic
acid diluent obsersed during the determmnation of spmal fluid cell counts should
also senve as a clue to the presence of cryptococer. It 15 a disheartening ex-
perience to learn that pathogenic cryptococar have been mustaken for red blood
cells and overlooked This pitfall may be avouded by using meticulous technic,
stenle tubes, and a scrupulously clean g chamber through spinal
fluid collection and Any then d d pi
cally or by culture may be considered to be the responsible pathogen until
definitely proved othenwise. Use also may be made of the metachromatic
prop of the cryp 1 polysacchande by adding 01 per cent toluidme
blue to spmal flmd 1n the t hamt The cryp 1 cell t

pink and the capsule is unstained, whereas white blood cells are deep blue, and
erythrocytes remain unstained.®

Capsular “quellung” reaction permuts a more precise identification of cryp-
tococer than the mere demonstration of a capsule in India ink. The capsular
reaction 1s demonstrated by mixing one drop of high titer type-specaific anti-
cryptococeal rabbit serum with equal volume of saline suspenston of the culture,
or with cryptococeus-laden spinal fluid tself, and examining microscopically
under reduced hght. The capsule of the organism will stand out sharply in a
typical reaction with homologous type serum (Fig. 36), but not with serum-free
normal saline or with heterologous type serum ¢ However, cross reactions
with Candida albicans, Saccharomyces cerevistae, and other antigens have
been reported '

In 1935, Benham was unable to male a serologic differentiation of patho-
genic C. neoft from C. neoft sar. i The of the
latter organism with the more recently developed type-specific antisera of
C neoformans, serotypes A, B and C, have not yet been reported.  The botanical
classification of C neoformans 1s presented on pages 108-111

Since the normal shin is a guzed habatat for cryp i, finding en-
capsulated yeast cells on direct microscopic examination of exudate from cu-
taneous lesions docs not quivocal evid, of crypto-
coccosts, particularly if the org: 15 C. neof var We have

made 1t a general rulc, when a strain of encapsulated yeast is recovered from
any site 1n the body other than the central nervous system, to question its patho-
gemeaty and wdentity as C. ncoformans and to subject the culture to careful
study (see Cntena for Identification of an Orgamsm as C neoformans, page
118)  When the answer is not definitive, biopsy of the suspected area may pro-
vide confirmatory evidence of invasion. This 15 potentraily hazardous for the
pattent, however, unless the entire lesion is removed by block dissection, for
theoretically biopsy could provoke dissemination of the organism

3 CULTURE STUDIES
C. neoformans grows on most of the common bactenologic culture media and
forms visible colonies within a few days, but develops much more abundantly
when a carbohydrate such as dextrose (1-2 per cent) is included in the sub-
strate (Fig 77). The colonial appearance and rate of growth varies with the
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Fic 76 ~Pure culture of C ncoformans A Aw-drd, heat-fived and Gram staned, the
shankage of the fungus cells and the uregular stuning with crystal violet make this methed
of examination unsuitable for diagnosts  The yeast cells could be mistaken eauily for dis-
integrated leulocytes or crenated erythrocstes > 805 B Same culture m saline mount,
although the cells appear seseral tunes birger, both preparations were photographed at the
same magnification  Psendomycehum 15 prescnt X 805 (AFIP Negatnve Nos 53-10001
and 5510004, respectinely )
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men, nevestheless, s always yequested for further microseopie examination, cu'l-
ture and pathiogenicity studics. The persistence of “red blomd celis™ in the acetic
acid diluent of { during the d of spinal fluid ccll counts should
alse sene as a clue to the presence of enyf i 1t is a disheartening ex-
penence to learn that pat} cryptocoeci have been mistaken for red blo?d
cells and overlooked. This pitfall may be avoided hy using meticulous technic,
sterile tubes, and a scrupulously clean ing chamber throughout spmal
fwd collection and inat; An ism then d i pi
cally or by culture may be considered to be the responsible pathogen until
definitely proved otherwise Use also may be made of the metachromatic
prop of the eryp { pol huride by adding 01 per cent toluidine
blue to spmal fuid i the counting chamber, The cryptococeal cell becomes
pink and the capsule is unstained, whereas white bilood cells are deep blue, and
erythroeytes remain unstaitied. s

Capsular “quellung” reaction permts a more precise identificabion of eryp-
tococed than the mere demonstration of A capsule in Intha wk  The capsular
reaction is demonstrated by mizing one drop of high nter type-speaific anti.

typical reaction with homologous type serum {Fig. 36), but not with serum-free
normal saline or with heterologaus type serum'4#  However, cross reachions
with Candida allucans, Saccharomyces cerevisiae, and other antigens have
been reported 13

In 1935, Benham was unable to make a serologic differentiation of patho-
gente € neoformans from C neoformans var. innocuons  The reactions of the
Iatter organism with the more recently developed type-speafic antisera of
C ncoformans, serotypes A, B and C, have not yet been reported  The hotanical
classification of C neoformans is presented on pages 108-111,

Smee the normal skin is a recog d habutat for crypt 1,9 finding en-
capsulated yeast cells on direct mucroscopic exammatien of exudate from cu-
taneous lesions does not  evid of ypto-

coccosss, particularly if the organism 15 C{ neoformans var 1nnocuous. We have
made st a general rule, when a strain of encapsulated yeast s recovered from
any site 10 the body ether than the central nervous system, to question jts patho-
genaty and identity as C wcoformans and to subject the culture to careful
study (see Critena far ldentification of an Organism as € neoformans, page
118)  When the answer 15 not defimitive, biopsy of the suspected area may pro-
vide confirmatory evidence of wvasion This 15 potentiatly hazardous for the
patent, hawever, unless the entre lesion 15 removed by Black dissection, for
theoretically biopsy could provoke dissemsmation of the organism

3 CULTURE STUDIES
C neoformans grows on most of the common bactenologie enlture media and
forms visible colonies withm a few days, but develops much more abundantly
when 2 carbohydrate such as dextrose (1-2 per cent) 15 included 1 the sub-
strate (Fig 77). The colonial appearance and rate of growth varles with the
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Fic 77 -C necoformans recovered from a fatal case of eryptococcal memingocncephabtis
One loopful of culture was streaked across four different culture media and incubated for
three days A Lner spleen glucose blood agar, 87°C B Littman oxgall agar, 20°C. C
Brain-heart infusion blood agar, 87°C D Sabouraud dextrose agar, 37°C  The low devtrose
content (02 per cent) accounts for the scanty growtl of C neoformans on bram-heart 1
fusion blood agar, a culture medim employed widely 1 chacal laboratories  Abundant
growth octurs 1 culturc medta that contain 1 to 2 per cent carbohydrate, but Sabouraud dex-

trose agar contaning 4 per cent dextrose does not promate the heaviest growth, presumably
th orgame sul Liver-splecn

due to the absence of tluamne or other g P
glucose blood agar, contarming 1 per cent dextrose, stimulates the heviest growth ™

culture mediim used, and these are desenibed on pages 101-103 Yeasts develop-
ing on culture media for tubercle bacill should be examined carefully, since
C ncoformans survives alkali digestion *  Thiamm, a speaific requirement, en-
hances the growth and mucoid character of C neoformans®®  An important
cultural difference from other systemic fung 1s that C neoformans forms smooth
yeast colonies not only at 37°C but also at 20°C. Its cytologic charactenstics

also are the same at both temperatures, i contrast to diphasic (dimorphic)
pathogenic fung Histopl Pl Bl der ticis, Blastomy-
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cey brasiliensis and Sporotrichur scheackii  The latter reproduce a5 yeast
phase m tissves and m culture at 47°C, hat in cultare at Josver temperatures
appear as Blamentous molds with myechum and spores

Cultures dentical in all sespects with C. neoformans, exeept in their pro-
duction of mimmal capsules and the formation of pasty, nonmucoid colanies,
have bren classified by Lodder and Kreger-Van Ry as C. ncoformuns var,
uniguttulatus.  They studied two such strains Jsolated from human »als but

1

did not seport the pathogenivity of the or to 37°C e
have encountered i spinal fimd tanly encapsulated eryptococct which at first
form pasty colonics on agar (Plate 111G and F),  Howevey, these strams nsunlly
become well encapsalated upon intracercbral passage through mice, turn mucoid
after prolonged mewhation on devtrose agar media, and tolerate incubation at
37°C, We eonsider them to be typieal C. neoformans.

One sonsee of confusion n the identification of € neoformans 15 the pres-
ence of nonpathog psulated cryp in ar, sputum, and sk Such
strawns, morphologically wentical with C. neaformans, and referred to more
praperly as C. neoformans var, innocuons, have either feeble pathogenicity for
mice or none at all, and are unable fo grow at 37°C > Isolates from patents
must be cultured at hoth 20°C and 37°C, in oxder to differentiate the pathogen
frarm the novpathagen

For incubation at 20°C, specmens are seeded on Sabourand destrose agar,*
Mycologreal agar,® Mycophil agas,f all ing pemictihin and streptomyern,
or Littman osgall agar® (Littman Mediom){ {Sec Appendre formulas 3, 2, 3, 4
and 5) The latter medium is especially valuable for prmary wolation of the
fungs from pus, sputum, or other speamens heavily contammated with fast
growing saprophiytic fungs and bactena, since it hansts spread of funga! colonses
and rsestricts growth of bacteria tasasstan

For cultwation at [PC, specimens are planted on brawn-heart infusion
blood agar medium and wer-spleen glucose blood agar medivm (see Appendic
formulas 6 and 73, both of which contam pemalhin {20 umts/mi ) and strepto-
myemn {50 units/ml ) m order to mhibt the growth of contammating bacterta
The latter medium, used for mcubation at 37°C, has a marhed growthastimulat:
g effect upon pathogensc fungy, meluding Cryptacoccus neoformans (Fig 77}
It makes possible the recovery of yeast phase cells of Hustoplasma capsulatum
m numbers 3 X 10! tymes greater than with Sabouraad dextrose agar and other
unenriched basal enlture medsa ¥

For study of cofonil morphology, cultares may be transplanted to Sabou-
raud devtrose agoy, yeast morphalagy agar™ or to malt-extract agar, and neu-
bated at 37 and 20°Q for several weeks (See Appendiy, formulas 1 and 8 )

Agar shant eultures of € neaformans, as well as other fungy, may be mam-
::Lne(:nmﬂi vm‘?c state wx'thouz drymng for extended penods of time by covenng

growth with sterde mineral oil and refngerating at 5oC ¢4 22 31

da Sabouraud devirose agar {20°C): C. negformans grows slowly on this
mediom, an opaque, yeasthike, creamy colomes which appear wthin three to
® Dyfea Laboratoties, Detrost, Mchigan, USA
f Baltmore Banlogiend Laboratory, Ine , Balimore, Md, U § A
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five days, and it produces a heavier growth than C neoformans var. innocuous *
Colonies of C. neoformans are irregularly circular mn shape, have a smooth,
* ot T " "' 7 (Plate IIID and E). Microscopic
Examination of an India ink mount
, . - none at all (Fig. 73) A few cells
form germ tubes, which represent an abortive effort on the part of the yeast to
form pseudomycelum (Fig 74), Upon cultivation for another seven days, the
density and opalescence of the colony give way to radial sectors of translucency,
and it becomes mucoid, smooth, and assumes greater convexity. Microscopic
preparations now show encapsulated budding yeast cells. After about ten days
of mcubation 1t flows down the agar plate or slant when it is maintained in the
vertical position or even when maintained flat. Strans differ in color from light
cream to orange-tan and brown but do not form carotenoid pigments as do
Rhodotorula species
By seeding a large area (2 to 3 cm ) of agar culture medium and incubating
seven to fourteen days, charactenstic grant colontes of the type llustrated in
Plate I1ID to G are produced. A gant colony of C. neoformans on Sabouraud
maltose agar may form sectors of three types mucod, rough, or smooth.*
Mucoid sectors are made up of cells possessing enormous capsules measuring up
to 10 microns m thickness Smooth sectors are the most stable and have cells
4 to 6 microns 1n diameter, with thm capsules, while rough sectors have un-
encapsulated cells which tend to form pseudomycelmm  Maltose 15 reported to
favor capsule formation more than dextrose *

b Littman oxgall agar (20°C): The orgamsm grows more slowly than on
Sabouraud dextrose agar Distinct colomes, measurmg 4 to 6 mm, appear m
four and six days respectively They are opaque, and at first have a bluish cast
denved from the crystal violet n the medim, then they become grayish tan,
butyrous mn consistency, circular, with smooth, shghtly raised surface and smooth
edge (Plate 1114 and B) This culture medrum is satisfactory only for incuba-
tion at 20°C or room temperature, and not 37°C  Colames on primary 1solation
superficially may resemble those of Candida species (Plate IIIC}  Microscopic
exammation reveals oval, buddmg yeast cells with thm capsules, although a few
well encapsulated cells may be found after diigent search  On continued cul-
tivation or successive transplantation, the colony develops radial sectors of pearly
translucency (Plate I11B), becomes mucod, and, »f mncubation 1s prolonged m
the 1nverted position for about 10 days, grows as a pomted cone, finally flowing
onto the covening dish i the same manner as on Sabouraud dextrose agar  The
color of the colony deepens to light tan or brown  Shde preparations now show
encapsulated budding yeast cells

¢ Brainheart infusion blood agar (37°C): The organism grows farrly
mpidly, appeanng withm 48 to 72 hours as opaque, creamy, mucoid, raised cir-
cular colonies with smooth edges, somewhat resembling Friedlander's bacillus or
mucoid Aerobacter  Microscopie  examii shows lated budding
yeastlike cells
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d Littman liverspleen glucose blaad agar {37°C}: The organisms grow
very rapudly, appeaving withm 24 hours as eolorues that are dense, opaque,
creamy tan, butyrous in conssstency, circular, with shiny raised sucfaces and
smooth edges (Plate LI and 7} On contmned cultivabion, the color deepens
rapidly to a dark tan and sectoring may ocowy (Pake JHI).  Microscopic ex
amination shows encapsulated budding yeasthihe cells

e Golony apyp of Q. neo tar. i No growth takes
place at 37°C O Babourand devtrose agar at 20°C, growth is less heavy and
the colonses are more mucod than C, neoformans  On yeast marphalagy agar
(Appendis, formula 8), colonies of €. neoformans var. innocuons are pale pink
m color in three weeks at 20°C, while © neaformens, uncolored at finst, as-
sumes a deep, orange-tan color in the same penod of time.®

i Ascospore production: The statos of G, neoformans with segard to asco-
spore production s d d under 1 Aspects, page 1, Cytology,
of the Fungus, page 93, and Addendum, page 147, The abiity to form asco-
spores 15 & most wnpostant characteristic for a yeast, since it serves as a means of
classficatson.  The most commen mode of reproduction by yeasts is asevual,
ether by buddng or fssion, less frequently 1t is by sexusd means  Sexval re.
production oecurs after the fusion of two yeast cells which form a short conjuga-
tion tube between them (i and } conjugaton)  The nucley
of the two cells unite 1 the conjugation tube, and since cell dwasion is accom-
pansed by a reduction of chromosomes, the process is sexual  Further nuclear
dwinon takes place to provide four or eyzht daughter nucler, and spare walls
form about each  The large celf or sac 15 now called an ascus, and its internal
SpoTes, aseopores

The ability of a yeast to form T 1s & d by cul at
25°C On culture media low i assimulable carhohiydrates, such as Hennior's
vegetable-pace sporulating agar (modified by Wickerham, Fhelinger and Bur-
ton’**) (sec Appendwy, formula 13), genera of Hansenude and Pichita form asco.
spares sp three days, Sacoharomyces m five to seven days, and Debaryomyees mn
five to twenty days. Other medin satisfactory for sporakation are carrot agar
{see Appends, formula 14), malt extract agar, carrot plug, Gorodkowa agar, po-
tato plug, and gypsum block

It 15 a relatvely sunple p dure 1o stam sel ly for aseosp Asr-
dried, heat-fixed water suspensions of the growth on Hénney's vegetable juce
sporvlating agar are treated from one 10 three munutes with § per cent aqueous
malachite green, gently warmed, water rinsed, aleohol decolonzed, and counter-
stained with 05 per cent agueous safranmn ™ Ascospores stun green by this
method, while the walls of asct and vegetative cells stain pwk  An alternate
method of staining #s by the ordmary Ziehk-Neelsen acd-fast techmc, whick
colors ascopores bright red, and ascl and veg cells blue H
spores of speces of Schizosaccharomyees are not acid-fast

We have not observed ascaspore formation by any of our cultuses of € neo-
formans or C neoformans var innocuots  Lodder and Kreger.Van Ry were
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unable to demonstrate ascospores or cell conjugation in any of the 26 strains of
C. neoformans they studied, and specific staming for ascospores was uniformly
negative.  Since various methods to induce spores failed, Lodder and Kreger-
Van Rij** were unwilling to accept the phenomenon reported by Todd and
Hermann*** as ascospore development. In their recent classification, therefore,
Lodder and Kreger-Van Rij retamed the pathogemc species mn the genus Cryp-
tococeus (sec also Addendum, page 147).

g Temperature and heat resi C. neoformans grows abun-
dantly over a wide range of temperatures, luxuriantly at 37°C and apparently
best at 28°C***  C. neoformans var. innocuous and many other harmless species
are unable to grow at 37°C. The ability to grow at this temperature is an im-
portant 1dentifying characteristic for pathogemic C. ncoformans, whose upper

Iimit of heat tolerance is 39°C.
Because of the

possible value of fever therapy as an adjunct in the treat-

to heat has heen studied by numerous

ment of eryp i

workers (see Hyperthermia, page 125). It is noted that the holding and flash

methods of pasteurtzation exceed the

e d by the or-

P

gamsm and therefore destroy the fungus.

PLATE III COLONIAL CHARACTERISTICS OF C NEOFORAMANS AND
C NEOFORMANS VAR INNOCUOUS

Furst row, Lirtaan Oxcair Acar (Lrrr-
MAN  Mepiwni) A —Cryptococeus  neofor-
mans, gant colony mcubated at 20°C for 7
days, growth 15 mucoid and sectonng has oc-
curred, sec page 102 and compare with Fig
77, actual size B —Same colony as A after
18 days incubation at 20°C, actual size € —
Cryptococcus neoformans, pasty colony of the
type often encountered on primarv isolation,
closely rcsembling that of Candida albicans

innocuous, grant colony incubated at 20°C for
18 days, actual size  The mucoid colony 15
indistinguishable morphologically from that of
C neoformans, but 1t would not develop at
37°C  Compare with E and see page 103
(AFIP Neg Nos 218120-C103, C125, 580,
581)

Third rou. Lrrran Liver-Sereen Gru-
cose Broop Acar H —Cryptococcus neo-
formans, 1solated from another fatal case of

1

It becomes mucowd on further subcull
Incubated at 20°C for 18 davs, see page 101
and compare with F, actual size (AFIP
Neg Nos 218120-C56, C103, C287 )
Seccond rou  SABOURAUD DEXTROSE ACAR
D —Cryptococcus ncoformans, gant colony in-
cubated at 20°C for 7 days, actual size  The
colony 15 smooth, glossy, rased and mucoid
The radhal sectors of translucency represent
areas contamng cells with wide capsules, see
page 101 and Fag 77 E —Same colony allus-
trated in D after 18 days mcubation at 20°C,
actual size F —Cryptococcus  neoformans,
isolated from a patsent with fatal cryptococeal
mentagis, glant colony meubated at 37°C
for 12 days, actual size  Nate pasty appear-
ance of colony  Compare with € and see alse
Tie 77 G-Cryptocaccus neoformans sar

T z guant colony incu-
bated at 37°C for 8 days, actual size  The
rased mucoid colony produced flowing
growth with the agar plate mamtamned flat
I —Cryptococcus neoformans, same stram as
in F, incubated at 37°C for 8 days, actual
size  Well defined scctonng has oceurred,
compare with growth on Sabourand destrose
agar F and with different stram shown in
H ] -Cryptococcus neoformans, magmfied
colony 1llustrated m I  Dense areas con-
tam thialy encapsulated cells while trans.
lucent areas arc compuosed of thickly cncapsu-
lated celh K —Cryptacoccus  neoformans,
streak plate incubated at 37°C for 3 davs

Campare with grant colony of the same organ-

1sm m I and with Fig 77 (AFIP Neg Nos

218120-582 to 545 )



Lrrnatax Oxoavs Acan (Lrrmvaan Mepiost), sec facing page

Lyrrasan Liver-Sereen Grucose Brooo Acar, see facing page
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4 BIOCHEMICAL AND PHYSIOLOGIC REACTIONS

For taxenomic purposes there are several biocherieal and physiologic prop-
erties of C nedformans which are especially important  These include its meth-
ods of carbohydrate and mitrogen assimilation, its ability to produce starchlihe
compounds, and its requirement for oxygen.

A yeast exther may assimilate a carbohydrate oudatively, without ap-
preciable change m the pH of the medium, or it may ovidize it mcompletely in
a “fermentation,” with production of arganic acids, alcohols and gases, and cause
detectable pH changes. C. neoformans does not produce gas with any known
carbohydrate and hence is not idered a fer yeast, although 1t
does produce acids from sugar. On the other hand, saprophytic yeasts arc ready
fermenters, producing both acid and gas—thus providing a convenient means for
differentiation

Five soil strains of C. neoformans, three human strams, and the original
strain of Sanfelice, which had been in Dunham fermentation tubes for three
weeks at 30°C, all were reported by Emmans™ to produce acid slowly in dev.
trose, levulose (fructose), mannose and sucrose, but not 1 glycerol or lactose.
No gas was formed m any sugar  Of 62 strains 1solated by Pounden®™ from a
severe outbreak of bovine mastitis, all produced acid with dextrose, levulose

(fructose), and maunose, 50 produced acid in sucrose; 24 in maltose, 19 in
starch, and none 1 galactose.’

Carbohydrates which are fermented are also assimilated, but the converse
15 not always true  In the 1dentification of C. neoformans, assimlation of car-
hohydrate rather than detection of fermentation has greater taxonomic value,

a Carbon auxanographic agar method: The carbon assimulation test ntro-
duced by Betjennck®™ measures the ability of an orgamism to utilize a single
carbohydrate (or carbon source) in a carbon-free synthetic medium (see Ap-
pendix, formula 9)  Organisms capable of assioulating this carbohydrate will
grow on the medium, otherwise, they will not develop at all ‘The test is per-
formed by seeding melted synthetic basal agar, free of carhohydrate, with the
test organism, allowang the agar to solidify, and incubating for a few hours to
dry the surface. Small quantities of dry carbohydrates are deposited on the
surface of the agar, with dextrose as a control, since all yeasts assimilate this
source of carbon No more than three or four carbohydrates shonld be tested
at one time.  After 48 hours mcubation at 25°C, visible growth appears around
those carbohyd: which the org; 1s capable of assimilating, In the
event of uncertain results, the medium may be enriched by yeast extract or B
vitamins and the culture retested, or it may be tested mn 2 synthetc hgmd
medum {Appendix, formula 10)  Twenty-six strains of C neoformans studied
m this manner by Lodder and Kreger-Van Ry)** were able to assimilate dextrose,
maltose, sucrose and galactose, but not lactose  These results were corroborated
by Benham,* who tested 17 strams

* The term “fermentatne” 15 employed in the mycologic sense to designate gas formahan
and not merely acid production without gas
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b. Carbon assimilation broth technic: Wickerham and Burton*s' and Wicker-
ham*s* ohjected to the agar plate method for assimilation tests on the basis of
the inadequate basal medium, the short incubation penod and the addition
of yeast extract, since it supplied carbon and complicated reading of the results,
They also considered an incubation period of 48 hours teo short for successful
use of pentoses, polyhydric alcobols and organic acids as test materials. To
overcome these objections, a carbohydrate-free liquid medium was devised by
them (Appendix, formula 10). Carbohydrate solutions to be tested are added
aseptically to the basal medium to make a final concentration of 05 per cent, and
tubes are seeded with one drop of yeast susg A similarly lated tube
without carbohydrate, and a tube containing dextrose, serve as controls. Growth
and turbidity result if the yeast 1s able to assimilate the test carbohydrate; other-
wise the tube remams clear Incubation is at 25°C for seven and twenty-four
days for “rapid” and “latent” reactions. Readings to determine density of growth
are made with photoelectric cell or by placing against a white card beaning India-
inked lines approumately 075 mm. thick and 5 mm. apart. If the lmes are
obliterated, growth is recorded as 34-; if they appear as diffuse bands, as 2+,
if they are distinguishable but have indistinct edges, as 14; if no growth, as
negative, It was the author’s opinion that assimilation tests would prove most
valuable of all the biochemical procedures used in the classification of the yeasts.
For C. ncoformans, results obtaned with the broth technic were essentially
the same as those from the agar method, 1e.,, assimilation of dextrose, maltose,
sucrose, galactose but not of lactose **

¢ Nitrogen assimilation: The ability of yeasts to utihze peptone, ammonium
sulfate, asparagine, urea and peptone when added to a mtrogen-frce medjum
has been used as a means of classification In 1946, Wickerham? showed
that sn his hqud synthetic medium the presence of an adequate supply of
vitamins permitted all the yeast strmns tested to utihze these nitrogenous
compounds separately, thus nvahdating their use for classification. Lodder
and Kreger-Van Ry**® found the same held true for the mitrogen auxano-
graphic agar method, however, this did not apply to utilization of mtrates as a
sole source of mitrogen The ability of a yeast to assimilate mitrate is a stable
charactenstic on which many workers have differentiated genera and spectes
of yeasts

d Nitrogen auxanographic agar method, The mtrogen assimilation test
measures the ability of an orgamsm to utilize a single mtrogenous compound
added to a mtrogen-free synthetic medium (see Appendix, formula 11)  Growth
occurs only if the organism 15 able to assmilate the nitrogen 1n the compound
being tested The techme 1s 1dentical with that for testing assimilation of carbon
c'(cci)t for the appropnate changes m culture medium  Potasstum nitrate is the
onlv mtrogenous compound tested, while peptone serves as the control substance
Agar plates are mcubated at 25°C and read in 48 hours  When tested in this

a f does not assimlate mtrate, while C neoformans var.

manner, C. f
innocuous does so readily.
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c. Nitrogen assimilation broth fechnic: 1f results in the “nitrogen auxano-
graphic agar method are doubtful, a synthetic hauid test medium may be used
(ste Appendi, formula 12}, Potassium mtrate, in final concentration of 0078
per cent, 15 the only source of mtrogen tested.  Ammonmum sulfate in final con-
centration of 1 per cent, rather than peptone, serves as control substance in the
quid medsum. The results with broth are essentially the same as with the
agar technic, C. neoformans bemg unable to assimilate nitrate.

f. Streak plate method for carbon and nitrogen assimilation fest: A mew
technic, somewhat simpler than the methods of Bejjeninck and Wickerham, was
described by Benham*®  This consists of adding to Wicherham's yeast nitrogen
base (Appendix formula 10) or yeast carbon base {Appendix, formula 12), as
the case may be, a “punfied” agar® contaming KNO, or the carbohydrate to be
tested The basal media are prepared in 10X strength with addition of exther
KNO, or carbohydrate to give the required final cancentration andl are stenhzed
by Seitz Bltation, Two ml. steribzed solution are placed in a petri dish and
18 ml. melted and tempered, sterile 2 per cent “punfied” agar are added, mived
thoroughly, and allowed to harden  Plates are inoculated by strealang organ-

1

frst streak due to carry-over ot ients with the tum, while the

streaks remained clear. Strams of virulent and non-vimlent cryptococci gave
connstently sirmlar results with all three methods”® but streak plate and aw-
anographic agar were easier to prepare and gave clear-cut results m 48 hours
In taxonome studies where large numbers of compounds are tested and longer
wmeubation periods are needed, the Yiqmd media { Appendix formulas 10 and 12)
were idered to be more ad

3

g Production of starchlike compounds: While studying biochermeal prop-
erties of nonfermenting encapsulated yeasts, Aschner, Mager and Leibowitz!®
observed that C. neoformans produced extracellular starch when grown m a
synthetic destrose-thiamine agar at pH below § (see Appendrx, formula 15).
This observation was extended to 16 additional strains by Mager and Aschner ™
Non-pathogenic encapsulated yeasts capable of the same reaction were differen-
tated from € neoformans by fature to grow at 37°C  Although the significance
of starch production 1s not fully evaluated as yet, 1t has been considered suf-
Baently useful for taxonorme purposes hy Lodder and Kreger-Van Ray®* to as-
sist 1 defimng the genus Cryptococens

After one or twa weeks’ incubation at 20°C on synthetic dextrose-thiamine
agar the presence of starch-hk ipounds 1s made app by the addihion

* Three types of punficd agars all gave equally satisfactorv results
(1) Washed agar deserbed by Lodder and Kreger-Van Rij™ {Sce Appenduy, formula 9a),
(2) Agar punfied by Robbimns' method ™

(8) Spectal agar, Noble, Difco Laboratones, Detrort, Michigan
‘Wached agar,” was recommended as the cheapest and eastest to prepare.
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of Lugol's iodine, which turns the streak of growth blue. The extracellular
character of the starch is demonstrated by the blue color of the agar substrate
after the cellular growth is scraped away The blue-stainmg product was
identified as a polysaccharide of the amylose class by Hehre, Carlson and Hamil-
ton™ Al species of the genera Cryptococcus and Bullera formed extracellular
starch, as did Rhodotorula glutinis, Candida humicola, Candida curiate and
Trichosporon cutaneum.™*

h. Oxygen requi , gelatin liquefaction, urease f ion: All strams

of C. neoformans studied by Cox and Tolhurst®* were reported to be aerobic, to
Liquefy gelatin to a shght degree in six to nine weeks and to turn htmus milk
alkaline. Four of our strains of C. neoformans and five strans of C. ncoformans
var. innocuous® actively produced urease

5 BOTANICAL CLASSIFICATION OF C. NEOFORMANS AND
ASPOROGENOQUS YEASTS
The term and ion adopted by Lodder and Kreger-Van Ry
m their comprehensive 1952 publication, The Yeasts, A Tavonomic Study, has
been accepted by Amencan and European workers. Since asporogenous yeasts

Tap g III —CLASSIFICATION OF THE ASPOROGENOUS YLASTS,*
FAMILY CRYPTOCOCCACEAE
(After Lodder and Kreger-Van Itij***)

Subfamly Subfanuly Subfamily
Cryplococcordeae Trichasporoude Rhod. l

(Arthrospores absent) | (Arthrospores formed) | (Pigment formed)
Genera Genera Genera

1 Cryplococcus® 1 Trchosporon 1 Rhodotorula®
2 Torulopus®

3 Ptyrosporum

4 Brettanomyces

5 Candida

 Kloeckera

7 Irigonopsis

* Yeasts which form neither ascospores nor ballistospores, but which may form arthro-
spores

= Formerly Cryptococeus Group I1 and 1 (Benham?

® Pormerly Cryptococeus Group I (Beaham®)

< Formerly Cryptococcus Group IV (Benhamt)

such as C neoformans do not form ascospores, they belong i the class of
Fungy imperfects or Deuteromycetes  Lodder and Kreger-Van Rij collected the
asporogenous jeasts mto a separate order, the Cryptococcales, and recognized
one family 1n 1t, the Cryptococcaceac  In this family were placed both mycehal
and non-mycchal asporogenous Yeasts n three subdivisions, or subfamilies
Cryptococcordeae, Trichosporerdeae and  Rhodotorulowdeae (Sce Tnhkt i1,
above). The genus Cryptococcus, placed with the subfamily Cryptococcoideac,

+ Obtamed through the courtesy of Dr B W Benham, Columbia Unnersity, New York
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Tagee IV.—DIFPERINTIAL CHARACTURISTICS OF GEN
ASPOROGENOUS YEASTS IN FAMILY CRYPTOCOC0.

(A fter Lotder and Kreger-$an Rty

Fldanly Crgplococentdene
1. Cryplococens Spherieat or avoud eells, budding, radimentary prendomyeefum,
encapsalated, extracellutar starch produced, ro ascaspores, ron-
fermenter (7 xpecies®)
Tarulopscr Sphencal or ovoud cells, Inudiding, 5o extracelular stasch, rarely
encapaulated, actue fermenter (22 spoties, one vamety )
Patyrovporum o or bottleshaped celly, huddmg, not encapeutsted, no
pecudomyeelium or my eelusmm, diflicult to caltis ate on ondinary
Jaboratory mesha, nonfermenter (2 speese<)
Breltanomyres vand, sphenes! or elongate eells, buddmg, promtne pseudo-
mycelium, strong ackt production, active fermenter  tdeprewes,
2 varieties)
Candida Celts of varying shapt, budding, chlamy dospares, blastospares,
true mycehum or nelidevelopel pieutonss rehum, fermenter
10 apecien, B vaneties)
6 Kipeckera Lemon-shaped ar sausage-shaped celfs, bnpolar budding, promitnve
pacudomy relium, strang fermenter  Niteste not aesumtlsted
(8 sperses)
1 Trgenapaiy Triangatar or eihpsoudal exdls, budding at angles snd multe
Interally, no peeudomyechum, no fermentation  (one speries)

»

e

.

o

Suhfamiby Trichasparocdene

1 Trchowporon Cells of sarying shape, chlsmsdopores, blastospiores, pecudon
myeehsm of true myrechum, arthrodpores {8 species, ane
yanety)

Subfanuly fhodotoruladene
1t Rhodotarula Celis round, oy al or elongate, huddimg, prmuts e pseudomy celium,
distinet red or yellow carotenmd pigments, nonfermenter
(7 species, one sariety)

* Fuve species of Ladder and Kreger-\an iy phus 2 epecien added by Benham

was Dimited to sphencal or oval encapsulated cells wihich reproduce by muth-
lateral budding, do not produce a true mycelium, but may form a rudimentary
pseudomycehum (Fig 74}, do not produce ascospores, are nonfermenters and
produce extracellular starch under speaal conditions  On the basts of the size
and shape of cells and carbon and mtrogen assimilation, Lodder and Kreger-Van
Ry recogmzed five species, C neoformans, C laurentn, C allndus, C Iuteolus
and € diffluens  However, thus classification was made on purely tavonomse
grounds witheut pathogemcity studies w amumals  In a re-evaluation of the
critena for the identification of speuies of cryptococer, Benham utihized virulence
tests  She studied Lodder and Kreges-Van Ryy's 5 species and 1n addition, swrawns
of C neoformuans var snnoceous sad € mucosugosus {Table V, page 110} No
truly varulent species other than C neofarmans was encountered 1 the genus
Cryp She confirmed the useful of 1 of mitrates as a
waluable enterson for dentificatson and recommended its addition to other diag-
nostic features of C mecformans, such as sts ability to grow at 37°C and 1ts
virslence for mice  Carbohydrate assimlation tests were found to be of value
n dsfferentiating species (see Table V, page 110} As a vesult of her stuclies,
Besham® Listed 2 addational species i the genus Cryptococcus, namely C. neo-
formans var wnocuous and C. mucorugosus Some strams of C neoformans
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var. innocuous were found to be identical or closely related to Lodder and
Kreger-Van Rij's C. albidus, C diffiuens and C. luteolus (see Table V),

Tarte V —DIFFERENTIATION OF GONUS CRYPTOCOCCUS
KUTZING esesp VUILLEMIN
{After Lodder and Kreger-Van 1), Benham?®)

P
2
E|g Carbon £
ol8ls assimlation =
S12)E &
Organstn o lE B )
B)E) & e
FERAR 2iglals Elels
F(EIS(E1&8(8(8(8(3(¢F
ElzlzZ(Z 1518|2153
S|£(H|A|2]|&]5|3 (0 (4
C. neoformans FlF( O F (RO
C laurentn o(ot{ o+ ({+{+|+(+(+]|+
€ luteolus oslot| o) 4] 4] 4]0+ ]|+]+
C mucorugosus}y o {Of |+ |+ |+ |+[+])+]|+][+
C albidus§
C diffiuens$ 0o [+l +[+][+]oO0j0]|+]|+
C_neoformans var annocuousy B

+ Sometimes weak growth at 37°C,
+ Somettmes mild degree of virulence, recoverable from mouse peritoneal eavity hut never

nvades bran
1 Benham's species
§C albidus reported to assmulate lactose and galactose and C diffuens to aswmilate

galactoge ¥

Synonymy. Smce Cryptococeus neoformans (Sanfelice) Vawllemm, 1901 has
been 1solated by many mvestigators from widely differing vegetable, ammal and
human sources in different regions of the world, an imposmg hst of synonyms
has accumulated *° By elmmnating fermenting yeasts and those reported to
produce mycelium, charactenstics which are patible with C neoformans,
Lodder and Kreger-Van Ry?** narrowed this st to 39 vahd synonyms, as follows

Saccharomyces neoformans Sanfelice  1895) *
Torula neoformans {Sanfelice) Wes (1902)*

Blastomyces neaformans (Sanf ) Arzt® (1924)*

Torulopsis neofarmans (Sanf ) Redacll (1931)=

Debaryomyees neoformans (Sanf ) Red, Cif et Grordano (1937
Saccharomyces lithogenes Sanfelice {1895)™

Cryptococeus lithogenes (Sanf ) Vurllermn (1901)**

Blastomgees lithogenes (Sanf ) Sasakawa (1922)™

¢ Although this synonym is often found n the bterature, st was not Arzt who named
the argamsm he descnbed, but prohably Benedek, who sent thrs stram to the Centraalhurcau
+oor Schimmelcultures at Barn, Holland, Libeled 1n this manner.
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Torulopsts lithagenes (Saaf ) de Alwerdy {1933)°

Cryptocaccus komtnis {Vudlemin) (10013

Atclasaccharomyces homints (Vall } Verdun (1012)™

Torulopris haminis (Vaoll ) Redrelli (19311

Debasgamyres hombars (Vall ) Todd et Herrmann {1938
Saccharonijces homims Costantin (1901}

Cryptococeus eosantini Froilano de Mello ot Conzags Fernandes (1918)™
Torulopsis costantini (Frodano de Mello £t Conzaga Fernandes) de Almerda (1933}
Saccharomyees phmmerf Costantm {19017

Torala plunmeri (Costantin) Wess (3002)*

Cryptocaceus plimeerd {Costantin) Neseo-Lemawre (19125

Torulopsis phmmerl (Cosantin} de Almesda (1833)¢

Torula Klein Wews {1903)™

Cryptocacour Kleint {\Weis) Cohn {1901} apud Gulguen™

Atelosaceh Busse-buschde de <t Caugerat (1609}

Saceharamyces blanchards Grare (1910)

Atelpsaecharemyces brev ort Verdun (1912)™

Cryprococcus brenerl (Verdun) Castellam et Chalmers (1913)¥

Sacchyromyces brewori (Nerdun) Nes eu-Lemae (19219

Torulopsis bresens { Verdun) de Almesda (1933}

Torula histolyticn Stoddard et Cutler (1918)™

Tortopsis histolytica {Stoddard et Cutler) Castelans et Jagono (1933)%

Cryptococcus corebmlaculosus Freeman ¢f Wesdman (1923)*

Torula nasalis Hsrmson {1028)™

Crypracoceus nasalis (Harnson) € W Dodge {19519

Cryptacoceus hondunanus Castellant, Castellant et Jacono {18333

Cryptococeus hawinie Vull var Fonduriantes Castellanz, Castellant et Jacano (1939)%
Torulopsis honunis (Voll } Red var hondunana Castclian, Castellara et Jacono (1933)%
Crypeororens psicrophyheus Nafio (1934)™

Torulopsiz necformans {Sanf ) Red var sheppei Giordano (1935)

Cryptococeus mentngicid s C W Dodge {1935)”

A nouencapsulated, fermenting yeast, formerly classified as Cryptococcus
glabrata but now placed 1 another genus as Tornlopsis glabrata (see Table IV,
page 109}, hay been solated tnfrequently but exclusvelv fram human sosrees,
1e, pharyny, sputum, usne, vterns, cerviy, fallopran tube and feces s 36519 fn
Plaut's patient the orgamsm was present n endomctnal curettings over a pertod
of two years, and sections of cerviy, ends and fallopran tubes ined
sumlar orgamisms witlup areas of granulomatous mflammation  Benham 1dentt
Bed the organism as C glabrata  Recent studies by Lopez Ferndndez® in
Montevideo have shown that in the espenmental ammal T' glabrata mfection

lates histop} The organisms appear as smail tetracytoplasmic para-
ses and there 15 an mtense productive teaction of the reticuloendothebal 3ys-
tem  The authars suggest that some of the human cases of hustoplasmosis diag-
rosed by histopathologic methods could represent T glabrata mtection,

8 PATHOGENICITY, VIRULENCE FOR ANIMALS

The only pathogemc species of the genus Cryptocaceus 1s C neoformans

e yirulence of this 15 unaltered by growth on culture media but seems

to vary with dufferent strams*  Serial passage through white Swiss mice s~
creases s virulence, but this enhancement 15 of a lower order than ustally en-
countered with bactenal or viral pathogens sumlardy treated  While white
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Swiss mice and rats exhibit definite individual vanations in susceptibility to
infection, they are the most susceptible of all animal species. Guinea pigs are
less prone to fection, while rabbits are relatively resistant  C. neoformans var,
innoctious, morphologically identical and cultumlly similar to C neoformans, 15
differentiated by (1) its fatlure to grow at 37°C, (2) its nonvirulence and (3)
by biochemical differences (see Table V, page 110).

a. White Swiss mice: The white Swiss mouse is the ideal animal for
experimental work in cryptococcosis  The most effective method for demonstrat-
ing pathogenicity of C. neoformans is by mtracerebral injection of 002 to 064 ml
suspension of the organism in saline into 6 week old white Swiss mice. Crypto-
coccus-laden spinal fluid may also be used The injection is made with a tv-
berculin syringe and 26 gauge %” (5 mm ) ncedle through the skull into the
cerebral cortex with the animal under hight ether anesthesia  Injection is made
with o rotating movement of the needle into the postenor half of the skull, about
one-quarter of an inch lateral to the midline in order to avoid the supenor saggital
sinus.  Smith, Mosberg and Mangamello®* described a simular techme of sert-
ing a 26 gauge needle 3 mm. in length, through the squamosal suture, midway
between the eye and the ear, and injecting 0 1 ml, suspension of eryptococct

Practically all strams of C neoformans denved from spinal flind, when in-
jected intracerebrally into white Swiss mrce, will produce a lethal effect in five
to fourteen days Several days following injection the mice become quuescent,
their coats roughen, and they huddle together 1n a corner of the cage  Around
the fifth day frank cerebellar symptoms appear and the muce stagger about m
circles. Because of the softness and thinness of the calvarium of young mice,
the increased intracranial pressure that results from cerebral infection with
cryptococer produces marked hydrocephalus, and the occipital region of the
shull bulges prommently (Frg 78), although this js not a umform occurrence.
When the mouse is sacrificed, 1ts bram 1s found to be edematous and hyperemic
The encapsulated yeast 15 d 1 readily by ) the surface of the
bram with a platinum Joop and preparing an India ik mount with thus material
Pathologic examination reveals the cerebral matter to be studded with pinpoint
cysts laden with encapsulated eryptozocar  The susceptibility of the white Swiss
mouse to sntracercbral injection of C neoformans and 1ts resistance to biologically
related microorgamsms is demonstrated by Emmons’ espertment with intra-
cerebral injections of ordmary yeasts and Candida suspensions which failed to

produce a lethal effect ' Emmons was unable to find living organisms in the
brawms of the ammals one month after injection

Injection of white Swiss mice intravenously with C neoformans via the tait

vein using a 27 gauge needle wall ll the anmmals within 10 to 16 days  Muluple
lesions are formed in the lungs, kidneys, spleen, bram and Iner (Fig 79)
Intraperitoneal myection, on the other hand, is not as umiformly lethal as the
intracerebral or mtravenous routes, OFf twelve white Swiss mice myected ntra-
peritoncally with 8 million cryptococcr by Kligman and Weidman,™ only wne
died within the espenmental period, with ivohement of the lungs, hdneys,
bram, spleen and hver.  Cox and Tolhurst™ found that mice which survived
three weehs or longer following ntrapentoneal jection with C neoformans
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Fic 78 —Intracerebral mjcction of white Swiss mice wath € neoformans produces neuro-
logic symptoms, marked hydrocephalus and death i five to, fourteen da)s The prommnent
bulging of the cramum 1s a <h. feature of A and B illus~
trate contour of normal mouse head € and D show pronounced ocapital bulging in mouse
five days after intracerebral injection of 002 m! suspension of C. ncoformans  (AFIP Nega-
tive No 218120586 to 590 )

showed multiple macroscopic tumor-lhe masses in the Iner spleen, kidneys,
lymph nodes, and other viscera & and if failed
to hll a sigmficant number of mice  Wade and Stevenson*** were unable to
produce lestons of the nervous system of wlite mice by subcutaneous, intranasal,
or intratracheal 1noculation

b Rat: C neoformans 1s less pathogenic for rats than for white Swiss mice.
Sice the skull of the rat is relatively thick, intracerebral mjection must be made
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Swiss mice and rats exhibit definite individual variations m susceptibility to
infection, they are the most susceptible of all animal specics. Guinea pigs are
less prone to infection, while rabbits are relatively resistant, C. neoformans var.
innocuous, morphulogﬁca]ly identical and culturally similar to C. neoformans, is
differentiated by {1) its failure to grow at 37°C, (2) its nonvirulence and (3)
by biochemical differences (see Table V, page 110).

a. White Swiss mice: The white Swiss mouse is the ideal animal for
experimental work i cryptococcosis.  The most effective method for demonstrat-
ing pathogenicity of C. neoformans 1s by intracerebral injection of 0.02 to 004 ml.
suspension of the organism 1n saline into 6 week old white Swiss mice, Crypto-
caccus-laden spinal flnid may also be used. The injection is made with 2 tu-
bereulin syringe and 26 gauge %” (5 mm.) needle through the skull into the
cerebral cortex with the animal under hght ether anesthesia  Injechon 1s made
with a rotating movement of the needle into the posterior half of the skull, about
one-quarter of an mch Jateral to the midline in order to avoid the superior saggital
stnus,  Smith, Mosberg and Manganicllo*! described a simular technic of nsert-
ing a 26 gauge needle 3 mm. in length, through the squamosal suture, midway
between the eye and the ear, and injecting 01 ml suspension of cryptococei

Practically all strams of C neoformans derived from spinal fluid, when in-
jected wtracerebrally into white Swiss mice, will produce a lethal effect in five
to fourteen days  Several days following injection the mice become quiescent,
their coats roughen, and they huddle together in a corner of the cage  Around
the fifth day frank cerebellar symptoms appear and the mice stagger about in
circles. Because of the softness and thinness of the calvarium of young mice,
the increased intracramal pressure that results from cercbral mfection with
cryp prod! marked hydrocephalus, and the I region of the
skull bulges prommently (Fig. 78}, although this 15 not a umform occurrence
When the mouse 1s sacrificed, its brain is found to be edematous and hyperemic.
The psulated yeast 1s d d readily by touching the surface of the
braw with 2 platinum leop and preparing an India mk mount with this material
Pathologic exammnatian reveals the cercbral matter to be studded with pinpomt
cysts laden with encapsulated cryptococer  The susceptibihty of the white Swiss
mouse to itracerebral mjection of C neoformans and its resistance to biologreally
related microorgamsms 1s demonstrated by Emmons’ expenment with mtra-
cerebral injections of ordinary yeasts and Candida suspenstons which failed to
produce a lethal effect ™  Emmons was unable to find lving orgamsms 1n the
brams of the amimals one month after injection

Inyection of white Swiss mice mtravenously with C neoformans vix the tail
vein using a 27 gauge needle will kil the animals wathin 10 to 16 days  Multiple
lesions are formed m the lungs, kilneys, spleen, bram and hver (Fig 79)

Intrapentnneal mjection, on the other hand, s not as umformly lethal as the
intracerebral ot mtravenous routes  Of twelve white Swiss mice injected mntra-
peritoneally with 8 mullion cryptococei by Kligman and Weidman,** only nine
died within the expenmental peniod, with involvement of the lungs, lerfeys,
bram, spleen and liver  Cox and Tolhurst” found that mice which survived
three weeks or longer following mtrapenitoneal njection with C ncoformans
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Frc 79 ~Cryptococcal
nodules and mibary le-
sions in the Jungs of a
white Swiss mouse, four-
teen days after mtrave-
nous anjcction with €
neoformans, (AFIP
Negative No  218120—
56% )

after trephination, with the ammal under anesthesi, Intraperitoneal injection,
however, is lethal for a majority of rats in from four to twenty-four days, al-
though some animals may survive for months. Of exghteen rats injected by
intraperitoneal, mtrapleural and intracardiac routes, sixteen subsequently de-
veloped lesions in the brain, lungs, liver, spleen, kidney and lymph nodes."

¢ Guinea pig: Many workers have utilized guinea pigs for the determina-
tion of stramn pathogenicity and have reported results ranging from no effect at
all to a lethal effect in six wecks.

d. Rabbit: This species tolerates injections of C. neoformans by various
routes without harm, although some strains of cryptococer have produced gen-
eralized nfection and death, The resistance of the rabbit to C. neoformans has
been attributed to its lugh normal temperature of 103°F (395°C) “¢3* This
native resistance, together with the well defined heat susceptibility of the organ-
ism (Table I. page 46), formed the basis for considering hyperpyrexia m the
therapy of human cryptococcosis  The average body temperature of other small
animals 15 hsted 1n Table VII (page 127). In spite of the rabbit’s resistance to
systemic infection, the antenor chamber of the rabbit eye appears quite suscepti-
ble to C ncofermans *°*"  QOne-tenth m! of a diluted 24 hour culture 1s in-
jected nto the anterior chamber of one eye, with the rabbit under intravenous
r barbital and ether } Care 15 exercised not to injure the s
Keratitis and mitis are visible within one weck after injection, reaching full de-
velopment withm fourteen to seventeen days Section of the enucleated eye
reveals charactenstic lesions along the anterior surface of the inis and posterior
surface of the cornea (Fig 80) These consist of a festoon of rosettes, each com-
posed of a single encapsulated cryptococeus cell, ringed by mflammatory cells

e, Chick embryo: Nine day old click embryos are highly svsceptible to
intravenous 1jection of 003 m! suspension of C neoformans which contains
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approvimately 600,000 cells;?*° the authors believe that this technic may have
promise in the evaluation of chemotherapeutic agents. By adjusting the size of
the inoculum, Kligman, Crane and Norris, ' were able to produce almost 100 per
cent mortality in the embryos within mine days following injection  The organ-
isms were seen in great numbers in the hiver, spleen, brain, kidneys and lungs of
the dead cembryos. Inflammatory reaction was mmimal, and there were no
granulomas or abscesses. Surface inaculation of the chorioallantoie membrane
did not have a lethal effect.z

7. HISTOPATHOLOGIC DIAGNOSIS

Fungus infections lend themselves to recogmtion and identification n
tissue by histopathologic technics more readily than those caused by bactena
or viruses. This is due to the characteristic tissne reaction which they produce
and to the fact that fungus cells often are casily detected in tissues because of
therr relatively large size and, with few exceptions, their ready staining by con-
ventional and special technics. This is particularly true of Cryptococcus
neoformans, whose large cells and great numbers m the lesions of man and
animals permit undelayed diagnosis of the mycotic nature of the disease.

Tdentification of C. neoformans in tissues is based on the following observa-
tions:

(a) The fungus 1s a sphencal to ovoid budding, yeastlike cell that vanes
greatly in size but generally has a diameter of 5 to 10 microns, exclusive of the
capsule. The cytoplasm stains light pmk with hematovylin and cosin, some-
times faint gray-blue, but never the deep blue of yenst phase cells of Blastomyces
dermatitidis and Coceidioides immitis

(b) The cell wall 1s distinct, delicate und shghtly acidophilic, It is some-
times amsotropic and may appear thickened or doubly contoured. When so
modified, 1t resembles that of yeast phase Blastomyces dermatitidis.

(¢) The cryptococeus has a characteristic mucinous capsule, measuring 05
to 5 tumes the diameter of the cell proper, which ordinanly fals to stan by the
usual histologic methods and therefore causes the cell to appear with an un-
stained halo about 1t

ENCAPSULATED CRYPTQCOCCI DEMONSTRATED BY
SPECIAL STAINING PROCEDURES
cession No 557547) The capsular muco-

PLATE IV

A —Hematoxyhn eosin, X 150

B —Tolndine blue, frozen section. AFIP
Accession No 337884, % 1450

€ —Muciearnune, X 150

D —Penodic aad-Schiff, X 150

E —Aaid mucopolysacchande, X 150

F.—Bauer stam, X 150

G ~Gndley fungus stan, X 150

1f ~Gndley reticulum stawn, X 150

Fields shown m A, G, D, E. F, G and 1
sepresent adjicent sections of lung (AFIP Ac-

polysacchande, barely visible in A, F, G and
I, 15 seen readily m B, C, D and E  This
demonstrates that the famliar halo observed
about the Cryptococcus cell in routine histo-
logsc preparations 15, n fact, capsular matersal
and s not caused artificially by shonkage of
the cell dunny fixation  All sections 1llas-
trated were prepared from formabn-fised ts-
sue and all except B were embedded i
paraffin
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() Histochemiucat studies® (Plate 1V) reveal the presence of a mucopoly-
saccharide in the capsule and cell wall of C. neoformans demonstrable hy the
awcicarmine sta far mucm® and the Rhunchart-Abol-Haj technic for aesd
mucopolysacchandes ¥ This 1s of diagnestic importance smee, to our knowl
edge, no other yeasthke fungust of sunilar phology stains m this di
manner . Whale other spresal b hemical methods, eg  Hotchkss-McManus
{perodic and-Schuff}, 072021 Banes,”® Gridley,* and Gomorl,™* are excelient
for demonstrating the cryptocaceus eefl, they stain other fung equally well.
Gram staimng reveals enyptococet to be Gram-positne but this is less specific
and less vatuable as a diagnostic method,

{e) Reprodaction of cryptococer in uissue s by budding  Thin-walled
celtular projections, round to oval n shape and of varymg sizes, are seen attached
to parent cells and single danglter cells are found detached,  Chains of three
or four cells are oceasionally seen but rarely more than this number (Fig. 63).
So-calted ™ tubes” or elongated fingerhhe projections which represent
rudumentary psendomycelum are scen i tissues, but no true myeeliem or any
speciatized fungal structires soch as sp or endosp are developed by
thas fungus

Although the usunl fatal case of eryptoeoccosis 1s recogmzed readily by the
tstopathologist and dragnosed aceurately, 1t s the localized infections en-
cauntered n surgeal pathology that prove to Le the most troublesome diag:

fly Difficules may be ¢ when the org; are very few m
number and are obscured by mflammatory cells, when fhey stam poorly, and
when they are mistaken for other budding fungal spectes because of atypueal
morphologe features  In such mnstances, speesal stamming techmes prove to be
most valuable and shauld be employed routmely  Thus the Gndley stan®™ 1s
espeaially valuable for the d of small bers of buned
among a hast of milammatory cells  The Bader stara'® and Hotchhass-McManus
method'™ #1773 will alsp stan fungt w tssues brithantly snd are extremely useful
for the same putpose  In Jocahzed mfections, etvptococa may be small, thinly

psulated and when engulfed by gnt cells and histiccytes may resemble
Histaple psul Mayer's and Best's carmine staing™*
readdy dufferentiate the two orgamsms, sinee nesther Hustoplasma nor other
fungit possesses the pink to red-stamng mucinous capsular matersat of Cryp-
tococcus neoformans

With the general mcrease of mterest m mycology and the awareness by
pathologists that mycotic diseases are more common than was appseaated
formerly, the pendulum has begun to swing mn the direchion of overdiagnosis
We have scen cases i consultation and found reports m the hterature 1n which
a dagnosis of one or another of the mycoses has been based on artefacts in

* See Appendiv, forualas 16-30, for useful hustochemical proceduses

1 The mature segmented spares contained within the Large sporangium of Rhenospordim
secbers, the cause of rhmospondiosss, are costed with a mucwcarmisophiic matnt  1n ammal
tiscue the agar shaped spores of Sporotnchum schenchn may also be emveloped m 2
wwaicame-positive matenal  Becawse of the cbvious morphologie dissimslantes of these
o orgamsms to € neoformans, therr differentistion shonld not offer dffculnes
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tissue scetions, All sorts of cellular clements and tissue debns may be mis-
interpreted. However, the most important of these are mineral concretions,
Russell bodies, PAS-positive granules of tissue origin, phagocytosed nuclear
debris and hydropic iflammatory cells with pyknotic nuclei. Some of these
are illustrated in Figures 80-82. A safe rule ss that if the diagnosis of erypto-
is is idered and a t} gh search of representative sections through
all portions of the lesion in question fails to yield typical and unequivocal en-
capsulated eryptococe, then another etiology must be sought. In our experience
it is unnecessary to base a pathologic diagnosis of cryptococcosis upon the
presence of but a few atypical or otherwise questionable fungus cells, providing
ﬂﬂ@ O]

o
W
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X St 43 .

Fic 81—A Extremely hydropie inflammatory cells with pyknotic or karyolytic mucler may
be rsmterpreted as cryptococei  The cells 1n A (arrow), stuned with hematoxyln.eastn, were
remarkably simtlar to cryptococer, but stans for fungi and for mucin were consistently pega-
ave. From a case of probable allergic granulomatasis of the nase {AFIP Accession No
697708, contributed by Veterans Ad: Hospital, Martinsburg, West Virgima )
X 410 B From a fatal case of cryptococeal menmgoencephalitis  Cells shown 1 B (same
stain) appear almost 1dentical with those 1 A, but gave typical hustochemical reactions of
cryptococer  {AFIP Accession No 265063 ) X 290

adequate material, properly stamed, is avalable for study, Densely caleified
lesions ascribed to cryptococcosis are reported from time to time, We, on the
other hand, have been impressed by the ranty with which significant caleifica-
tion is observed 1n this mnfe and are therefore ighly skeptical of those
reports m which all of the fung: had become transformed anto calafied fossils.
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ity to hudding fongys cells  Tht posbility that fungus cells my become catofied 1 hssue
camnot be Guimedd, but 1t secws quite unbkely that such degenetatne changes would occur n
actmely dmdmg ceth  The abwence of the tharacterstic crvptococeal capsile 15 espeaally
helplil e excludmg the diagronss of cryptovaccovis A Hemutavyhneeonn, X 300 {AFIP
Negatne No 55~8519) B fluuatonlm-ronn X 410 {AFIP negstne No 53-8518)
Tiuch walled Russell bodies preventing a “double contour, are shown 1 € {artaws), & more
charavtensstie cluster of Huseel] hodies 15 also present to nght of center  Hematovyba-eosim,
X 810 [AFIF accession No TR171)
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8. CRITERIA FOR IDENTIFICATION OF AN ORGANISM AS
C NEOFORMANS

a Cellular morphology: Spherical or oval encapsulated yeast cell, 4 to 7
microns mn diameter averaging 10 microns with capsule, sometimes reaching 18
microns. Capsule thickness varies from faint shell to 7 microns. Reproduces
by budding with single buds, occasionally by double budding 1\0 m)celmm
formed, but culture may have fr of r Y I ycehum
Identica] ¢y tologic features at 20°C and 37°C.  Gram-positive  No arthrospores

or ascospores,

b Colony formation: Rapid growth on destrose agar to form tan, pasty
colony which becomes mucoid and flows over the agar. ~Sectoring oceurs

¢. Oxygen requirement: Aerobic, oxidative.

d Tolerance to 37°C: Grows rapidly at 37°C (C. neoformans var innoctous
and other cryptococcal species do not grow at this temperature.)

e. Biochemical: No gas production from any sugars, acid production from
sugars variable, forms extracellular starch from dextrose-thiamme agar. Cap-
able of growth in synthetic medmm with the following carbohydrates as a sole
source of carbon dertrose, maltose, sucrose, galactose but not Jactose. In-
capable of growth in a synthetic medium with KNO, as sole source of nitrogen
(C. neoformans var innocuous can assimlate KNO,, dextrose, maitose, sucrose
but not galactose or lactose).

f. Serologic: Serotypes A, B and C on basis of spectfic capsular polysac-
chande  Type-specific capsular reaction,

g Pathogenicity: Intracerebral inoculation lethal to white Swiss mice m
five to fourteen days, intravenous mjection lethal in ten to sixteen days (C
neoformans var nnocuous is non-pathogemc )

1 Jerabl

Hi Lolowic. E; 1ated budd, ; cana-

h. Histoy & it g cells sh 2 I vana
tion 1 size, shape and staning ck 1stics, no mycel or sp lized struc-
tures, rarely pseudomycellum In with most fung, stams positively

with Gram’s stun and with Gomon, Gridley, Bauer and Hotchhiss-MeManus
(periothc acid-Schiff) techmes  Differentuated from other yeastbke fungi by
mucicarmime-positn ¢ capsule contaming demonstrable acid mucopolysaccharide



X. Treatment and Prognosis

Cmyrrococcosss s often d to be synony with H phahti

This is due to the relatively great neuratropism of the fungus and to the fact
that, until recent years, the mfection was yecognized only after the nervons
systee had become involved, It is unfortunate that cryptococeus infection
shonld be thought of only in association with nervous system discase, since this
affects adversely the opportunity for carly diagnosis, effective treatment, and
cure  Prognosis 1s poor once the fungus has spread to the brain and meninges
Appravimately 80 to 90 per cent of patients with meningoencephalitis die withun
the first year, and many withm six months of the onset of neurologic ‘mnm{cst.\:

cures are extremely rare, 3t obtaned at all. ‘Ihe tact that periods of remission
may occur with sy disapyp of org: from the spinal fluid
must be constantly borne 1n mind durmg: the clinical evaluation of new fungreidal
drags  An exceedmngly long penod of follow-up is esseptial before “cures” can
be clafmed

1 SURGICAL TREATMENT OF LOCALIZED LESIONS

Despuite the poor prognasss of patients with memngoencephahtis, there s
reason for optimtsm  Wath the realization that most cases of nervous system
uryptococcoss probably rep t p of subclmieal pulmonary in-
fection, an ever sncreasing number of cases are hemng reported 1 which spread
to the bramn has been prevented by surmeat resection of the mvolved hing,  For
thiy reason, emphasis must now be placed on early diagnoss of ebscure pulmo-
nary anfections 1§ the lesion can be detected early and removed completely
before L spread, the prognosis 15 excellent  An optunistic outlook
15 taken mn Australia, where several patents, m whom nervous system wmvolve-
ment had already occurred, nonetheless underwent surgical resection of locahized
pul granu} with ging results

o Pulmonary. The wost wop , and certamly the most 3
aspect of the treatment of cryptococcons 1s the current practice of surgically
exurpating locahzed pulmenary lesions  Such lesions have a number of charac-

. ERREERE o
many patents may b asymptomatie when the Jesion 15 detected by rontine chest
wray cxanunation, (d) deldy m surgseal mtervention or wadequate resection
with 1neiston into the mfected lung tissue may deny the patient a potential cure
Surgieal P of localized pu} y lesions, as ad d by Taberts

pla}
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in 1937, has been reported with mereasing frequency during the past decade
Probably the first well documented “cure” by pulmonary rescction was that re-
ported by Froio and Bailey'™® in 1949, Their patient, a 19 year old U.S Army
mductee, was asymptomatic at the time a routine chest X-ray examination re-
vealed a localized mass in the right lower Jobe. Bronchogenic carcinoma was
suspected. At operation, a well circumscribed firm mass of rubbery consistency,
gray-white m color and measuring 45 ¢m. in diameter, was present 1 the lower
lobe, and pneumoncctomy was performed  When this case was first published
in 1949, the patient’s progress had been followed for over five years, and later
Haugen and Baker'™ 1cported the same patient to be well eight years aiter
operation. Starr and Geddes*™ desenbed the case of a 21 year old Australian
soldier with a eryptococeal granuloma removed by lobectomy. Susman™ re-
ported this patient to be alive and well five years later. Such long follow-up
periods are essential 1n order to assess properly the results of surgical treatment
of cryptococcosis

An excellent example of the importance of prolonged follow-up js illustrated
by the first case reported by Palmrose and Losh #4°° A 23 year old man had
roentgenographic evidence of a mass in the right lower lobe ~ This was enucle-
ated at operation by blunt dissection and pathologic examination revealed it to be
a cryptococeal granuloma  The patient remained m the hospital for over a year
because of postoperative plications ( bronchopleural fistula and staphylococ-
cal empyema) for which a 4-stage thoracoplasty was performed. More than
two years later (three and one-half years after the original lung lesion had been
enucleated) the patient was readmitted with cryptococeal meningoencephalitis,
for which he recewved streptomyen, pemallm, Actidione, KI, and sulfadiazine,
but he dred m less than five months  This case might well have been considered
a “cure” two or three years after the origimal operattion

One wonders, therefore, about the ultimate outcome mn some of the surgically
resected cases of pulmonary cryptococcosss, published after only short periods of
observation ** 22 Berk and Gerstl,*™ for example, reported a four-year cure m
the case of a 30 year old veteran with asthma of three years” duration  The
patient had been found to have a localized, dense opacity in the left Tung
He subsequently developed a pleural effusion and low grade fever which did
not respond to pemalln and sulfadiazine A left lower lobectomy was per-
formed, and on frozen section a d. of mycatic g )] was bhished
The lesion measured 7 X 6 X 6 em  Good results could be antictpated n this
case smee the lesion apparently was removed n its enbrety with the exased
lobe In the case of Palmrose and Losh ated previously, the mass merely was
enucleated  The question can be asked whether a more “radical” procedure
might not have prev ented the postoperative comphications as well as the ulumate
spread of mfection to the nervous system  The cases reported by Dormer and
s associates® *' furnsh additional evidence as to the probable danger of
wmaston ar puncture of ciyptococcal granulomas In both of ther cases the
pulmonary lesrons had been “necdled” and then partially excrsed  Significantly,
signs of memngitts appeared 1n both patients withm a few weeks after operation

© This case bears AFIP Accesston No 16887
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A nnmber of cases treated surgically have been reported from Australia,
where cryptococcosts is exther more prevalent or beiter recognized. 1t is cer-
tamly more vigerously treated there than 1 many other parts of the world.
Pulmonary lesions are resectect, not only to prevent nervous system involvement,
But also in the hope that resection will base a benefiesal effect in patients in
whom ing phalitis 15 already establshed. Included in three cases

et ' Poeeoerss f) oateee - - ghatof a

rovement

Although
recovery seemed to have occurred, the follow-up periad was only six months.
Susman'** veported a similar case, also from Australis, in which a 43 year old
man with systemic and meningtic cryptococeosis underwent pneumonectomy.
He recovered and was back at work efeven months after operation  Although
reports from Austraha are encouragig, longer penods of abservation are neces-
sary for confirmation of cure, nevertheless, they represent one bright spot m the
atherwise dismal picture of the treatment of nervous system eryptocoeross.

Another question to be considered 15, what happens to patients with solitary
puimonary Jesions of cryptocoecosis in whom resection 15 not performed?  Spon-
taneous regression may occur,™* but no matter how the disease process be-

haves graphically, threat of d 5 ever present Al that
can be said with assurance then 1s that the localized cryptoceceal lestons are
and hictable  Sw and Smuth*? reported the case of a

P
man repected for mmbitary service because of a large area of consohdation
the nght upper long held  The area of mvolvement wcreased n size at frst
but then receded  The sputum contamed cryptococer  Over a period of many
months, dunng which the patient remained asvmptomatic, the pulmonary 1n-
fltration  chsapp 1 genograptucally  Cerebelt ptor pp d
nonctheless, and the patient died  Lestons were found at autopsy in the brain,
lung, and spleen A shiular sequence of events ocourred n the case reported
by Hamiton and Tyler ™ A woman patient® who had a negative chest x-ray
erght months earlier developed pleunitic pan and roentgenographie evidence of
a parenchymal lesion in the left lower lung  Dunng the ensuing seven months
there was marked radiographic regression of the lesion, and the patient became
She d asymp 1e an additional half year when mam-
festations of eryptococeal fie Py ¢ Death 1 seven weeks
later, although the pulmonary infltration had afinost disappeared by the tme
symptoms of meningitis appeared
In botls of these cases, relatively long asymptomatic mtervals had elapsed
before nervous system imolvement became evident, yet m other cases
had developed soon after the d y of an 7 pul y
lesion  Susman’s secund case was that of a symptom.free 60 year old man who
was d d to have a radia-opaque lesion at the base of the nght upper
lobe **  Several weeks later meningitis accurred and the patient died In
such cases there may be no significant change m the radiofogic aspects of the
pulmonary mass  Senal x-ray films of the lungs 1 the case reported by Ratcliffe

* This case beass AFIP Accession No 107139
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and Cook*™*® revealed a remarkably stationary process. The patient, asympto-
matic at the time he was a candidate for mulitary service when his first <-ray
& ation was made, I} 1

plamed of headache only after two and one-half
months of observation, and died of eryptococeal meningitis within four weeks

b. Extrapuls y: Spread of cryp infection from the lungs to other
tissues is not always accomy 1 by diffuse ing phalitis or d
dissemination, ‘The infection may be localized in one area, where 1t then may
become amenable to surgical extirpation. Even multiple extrapulmonary sites
of localization have been excised with favorable results. One of the most
radically treated cases mn wlich good results were obtained was described by
Kramner and associates ¥ Their patient, a 32 year old Sikh, had a painful swell-
ing over the left eye. Incision and draumage yielded a blood-stained, gelatinoas
exudate The lesion recurred and epieptform serzures developed  Roent-
genographic evidence of erosion of the orbital walls and mvolvement of the
frontal sinus was noted Several months later a fluctuant mass measuring
3X 5 cm appeared over the nght femoral trochanter, and ineision produced
viscid fluid contaming cryptocoeci.  Masses of granulation tissue were resected
from the orbit and frontal and ethmoid smuses. Several months later the intra-
cramal extension of the infection was resected from the frontal lobe Histologte
preparations disclosed cryp in tissues removed from the hip, orbit, sinuses,
and bram  Examination eleven months after the frontal lobe resection and more
than two years after onsct revealed the patient to be in good condition The
only neurologic signs present were exaggerated patellar and Achilles refleves on
the nght sside  This case 1s certainly most unusual, for seldom are neurosurgieal
procedures attended by such good results i cryptococcosis

Carton and Mount,** m their analysis of 178 cases of cryptococcosis m-
volving the nervous system, found that symptoms indicating an expanding mntra-
cramal or intraspmal lesion were present in 23 per cent In almost all such
cases, however, there 1s widespread meningoencephaliis m additton to the
localhized expanding leston  Thus, surgical extirpation of localized intracranial
lesions ordinanly can be evpected to provide only temporary improvement
Ramamurtht and Anguli,??* however, reported the successful resection of a
cryptococeal granuloma of the spinal cord m a 17 year old Indian girl who had
pam n the back, difficulty 1n walking, and exaggerated peripheral reflexes, but
normal spinal flud A year after operation she was well with stenle spmal flmd
and normal chest x-ray films No antibioties or chemotherapeutic agents had
been administered

A number of other cases are on record m wihich mfection was controlled by
Iimited or radical surgical procedures  Evacuation of the contents of localized
cryptococeal “abscesses” and resection of dumseased tissues apparently was
sufficrent to eliminate the infection mvohang the spne and paravertebral soft
tissues 1n the case reported by Brewer and Wood* (one-year follow-up) and the
pelvic and mgumal tissues m the case of McGehee and Michelson®™” (eight-
month follow-up) Jones** reported a patient with extensive nasopharyngeal
and palatine cryptococcosts cured by a combmation of repeated exasions,

* This case bears AFIP Acc No 268527
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cauterization, iodules, and s-ray therapy (twoyear follow-up). The case re-
ported by Kessel and Holtzwart?™® 15 of special interest because, after amputation
of the feg for cnptococcal wfection of the huec jomt, two cutaneaus lesions of
the chest appeared and were healed by v-ray therapy.

Anather case of lacalized cryptococeosis treated radwally was reported by
Burger and Morton @ Their pitient, a 41 year old woman, had a rapidly en-

Yarging soft tssne mass in the thigh  Preop 1 was estabhshed b
aspiration shich produced a thick, glairy, mucmous material s which organisms
nere i 4 The isted of amputation by disar

> Op Y
through the Wip, and four ani} one-half years later the patient was alve and well
Mesh tess radical surgery 1s apparently sufficient e the smaller, more locahzed

) —mrtod by Dienst™ and the one itlustrated in Figs 22
! *-mmengis cured by nnsateral
. ates *¥

2. NONSUBGIVAL ..

A review of the Bteratuse seseals an evergrowing hst of therapeutic agents,
used largely without success. It includes & number of physical methods as well
as chemeal and biotogie preparations, whach are summatized m Table VI
Smee it 15 well established that i can oceur 1 the course
of eryptococeal menngitis, cation must he exercised e the evaluation of any
pactienlar method of therapy.  An sdeal anticryptocaccat deugy swould have cer-
tam properies it would (1) be funpadal, {2) reach sites of mfection
effective concentration, (3) be nontovue for man and for evperimental animals,
{4) erad 1y m the exp ental ansmal, and (5) effect prompt and
p: chmeal 1y Rarelv are all these enteria satisfied
by any given therapeutic agent  An agent uluch scems to be effechice in watro
sometunies 1 surprisingly ueffectine w oo, and cece tersa Although effectiee
concentrahions may not be reached in normal tissues, therapeunc levels may be
attained as a result of pathologee changes  Dosage schedules winch are ther-
apeutically effective and nontoxee for an expenmental ammal may be ether
tovic or meffectie i man  In cwaluating anumal experiments, mere prolongo-
ton of life 1s wsufficient, for 1t must olso be demonstroted thot the infection kas
been eradicated

a Physical Agents: The main phssical agents that have been employed m

the trentment of crvptococcoss are heat and roentgen rays
Hyperthermin € neofosmons will nos wathstand temperatare above 39°C
{Table 1, pege 46}  Thus fact, together with the observations that the sabbt,
whose normal body temperature exceeds that of the mouse, rat, cat, dog, and
gumnea pog { Table VII),™ 15 vel 1y resistant to eryp fect
saggested the use of feser therapy as an adjunct to medicinal agents w the
of human cryp Some supp e exp 1 enid is
also available € neoformans infection of chuck embryas was controlled by m-
cubation for 8 days at 101°F (40°C) ™= It has also been suggested that the
i of Achd m vitro s ent d at elevated temperatures 272
Clinieal evidence of the beneficial therap effect of hyperth has also

25 124 228
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been reported. Kligman and Weidman,*® in treating a patient with both
cryptococeal meningitis and malaria, observed that the menmgeal symptoms
abated durmg the paroxysms of fever and organisms disappeared from the spinal
fluid ~ Carton®™ noted chnical 1mprovement n a patient with cryptococcal

mening

is following an attack of severe non-mycotic eprldidymutis which had

produced a fever of 105°F for several hours. In evaluating these and other
chinical observations, one must bear in mind the occurrence of spontaneous

remisstons.

In general, prolonged hyperthermia has not proved to be very useful 1n the

treatment of human cryptococcosis

Hyperthermia by means of typhoid-para-

typhoid vaccine was attempted by Cox and Tothurst®™ in one of their cases of

Tapie VI—SUMMARY OF NONSURGICAL THLRAPY OF CRYPTOCOCCOSIS

A Physical Agents

Fever therapy
Heat cabinetss 183 254201
Typhoid-parity phoid vaccincss 234 21

Ultra violet radiation?

Xoray therapy * 6 76 #9156 208 210 sa, 50

B Chemical Agents

Heavy Metals
Antmony compounds?Ht
Antimony and potassium tartrate!?s
Arsenieals
Arsene (Fowler's <olution)
Oxophenarsme hy drochlonide?
Try parsamdess

Collodal coppert

Colloxdal silver?’s

Gold sodum thiosulfate

Sulfonamides
Azosulfamdes?

Gantrism?¥
Sulfacliazime? 10 66 7275 78 59 124 126 151 155 163

170 107 239 254 279 280 201 309 220 335 426 459 410
Sulfamerazine? 170
Sulfanilamide 170 200 33
Sulfapyridiness 19 118 137 330 557
Sulfathiazole?! 176 155 162 161 170 309 365 357 428
Diamidmes
Stilbamidme?s?
2 hydroxystilhammdmest
Other Agents
Acrifiavine®® 142 307 450
Alrohol, intravenoustst
Alkalinization therapy?
Atabrie?s!
Calelum gluconate®?
Daraprim 51
Diazone?®t
Ethyl vanilate??
Fuadm® {Sthophen)*t
Furacm®#

Gentian violet 185,207 503 109 570

Hexamethylenamine @

Hexaminess

Todides, sodium and potassim?as 8868
7653 120,128 142 155 181206 207 273 799 784 20> 17
279 581291 320 538 237 389 379 412 434 439 470

Liprodal (402 rodine)*

M & B 693818

Meths lene bluets!

Para-amuno-salicylic acid1#!

Pregl’s 1odime solution®s

Promn!?

Pyrihenzamune (Tripelennamime} ¥

Sodium bicarbonate® 10

Sodium thiosulfate®

Thiamin®t

Thymol 207

C Antibiotucs

Actidione® (Cycloheximide)1i53 18 83 101 134
14 166 170 185 136 238 254 881 413 470

Aurcomycin!63 410
Chloromy cetm” 470

Circulin®

Nystatin®® (Mycostatin)®

Demicallind© 96 12 76 121 151 555 163 181180 170 235,255,

191,185 194,308 345 247 408 470
Polymy xn?st 329
Prodigiosm®s 37
Protoanemonin % 16
Streptomyein o6 7 18124 144 163 391 329 247 470
Terramyein® 155
Ty roeidin1ss 128
D Immunologic dgents
Autogenous vaceine?! 3 £ 6 83261 an <1 178 12
Gamma globulm™
Immune rabbit serum’
L Enzymes
Hyalaronidase (Wydase®, Alidase)ss
Streptodomase®st

as
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eryp 1 meningitis, but a satisfactory elevation of hody temp € was
not maintained  Collins™ used hypertherma, jodides and x-ray therapy in his
Case 1, but the patient faled to mmprove and finally died. Mosberg and
Arnold™ gave typhoid vaccine to a patient with eryptococeal meningitis (thewr
Case 3); as a result the following temperatures were achicved: 71 houvrs
over 100°F, 405 hours, over 102°F, and 10 hours, over 104°F. No chnical ym-
provement was obtained. In the same paper the authors reported another case
in winch the patient had to be removed from a heat cabinet after attaining a
body temperature of 107.8°F within fifty mwnutes. The patient eventually died
of the discase. Carton’s Case 1 was hept in a heat cabinet for forty-three
hours at 103°F, and for seven hours at 1058°F, but had to be removed

Decause of el diograpine changes attnbuted to hyperthepmia. 1n Littman

Tane VI —NORMAL BODY TEMPERATURES OF DXPLRIMENTAL ANIMALS
{Modified from Snath ef al ™)

Anmat Avernge Body Tempernture
Mouse 99 1°F

Rt 100°F

Dog 100 8°F

Cut 101°F

Gisnea Tig 102 2°F

Rabbit 193 2°F

Pigeon 105°F

and Nathanson's™ case of cryptococeal nt ty phoid.y
typhoid vaceime (45 X 10° cells daily) produced temperatures of 103 to 1015°F
for nine consecutive days, but there was no climeal 1mprovement and the pa-
tent died  In all cases aited, a miscellany of chemotherapeuntic, antibiotic, and
other theray agents was employed 1 comb with fever therapy  For
mstance, Littman and Nathamson's patient recewved Actidione, polymyxin,
hysluronudase, streptodornase, todides, sulfadnmne, pemallin and gamma
e o oot “* erthermua and atkahnization was
=7 on the bass of in vitro studies
. sformans by increased pH.  For
example, only forty-cight hours’ mcubation (46°C) was required to kil the fungus
m a synthetic mmeral broth at pH 87, while 120 hours was necessary when the
pH was 7.3 However, three patients with cryptococeal meningitis treated with
aral and mtravenous sodium bicarbonate, as well as typhoid vacane, iodides,
P 3 P and sulfad: fy died of the disease®* 1In
Case 3 of Mosbery and Arnold,™ the spinal fluid pH increased from 7.0 to 7.85
In our opimion, this mld degree of alkahmty would not retard the growth of
C neoformans, for contrary to the popular behief that acidity of the culture
mediom favors the growth of path fungf, including crypt and that
alkaliuty testuets wt, the aptimal pi for most pathogenic fung; lies in the newtral
or slghtly alkaline range 2 C. neoformans produces huxuriant growth at pH
77 m the presence of orgamc substrates (sec Culture Studics and Appendys,
Formwda 747)  While the microorgamsm may be mare sensitive to heat at
higher pH values i a mineral broth,# this may not be true 1 the presence of
protective argame substances m blood or spinal fluid.
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been reported Khigman and Weidman,™ 1n treating a patient with bath
cryptococcal menmgitis and malaria, observed that the menngeal symptoms
abated during the paroxysms of fever and organisms disappeared from the spmal
fluid  Carton®® noted clnical improvement mm a patient with cryptococeal
meningitis following an attack of severe non-mycotic epididymitis which had
produced a fever of 105°F for several hours In evaluating these and other
clinical observations, one must bear in mind the occurrence of spontancous
remissions

In general, prolonged hyperthermia has not proved to be very useful in the
treatment of human cryptococcosis  Hyperthermia by means of typhoid-para-
typhoid vaccine was attempted by Cox and Tolhurst® in one of their cases of

Taeee VI —SUMMARY OF NONSURGICAL THERAPY OF CRYPTOCOCCOSIS
A Phyacal Agents Gentian s jolef™ 186,207 108 103,170

Hexamethylenamine o

Hexamunets

Tothides, sodium and pot res .00 66 6
T6 91 124 120 142,155,161 706 207,120 129 231 20 277,

Fever therapy

Heat calymetse 1481334 201

Ty phowd-paraty phoid vaceimes? 429
Ultra violet radiation®®?
Xeray therapy 86876 87 135 208 330 403 430

279 84 291 328 330 237,229 3T 413 a3r 429 470

Lipiodal (40¢ 10cine)*t

B Chenucal Agents M & B gy3es s

Methy lene btues
Para-amino-saliey he acid i
Pregl’s 10dine solution®®

Promine

Pyrihenzamine (Tripelennamine) ¢
Sodwm biearhonatertt 7o

Sodium thiosulfate®?

Heavy Metals
Anttmony compounds?
Antimony and potassium tartratel?®
Arsenieals
Arsenic (Fowler's solutton)7®
Ovophenarane hydrochloride?ss
Tryparsamide**

iy

Collowdal eopper* ;:mrm;:‘ -

Collotdal sily ert® 3y mol

Gold sodwum thiosulfatet C Antibioties

ulfonamides o

§ Azosulfamudes? Actidione’ (Cy clohevitmde) 55 2 e 1o 124,

‘G"’“‘ e 1356 170 103 108 238 331 393 419 470

santrisin’

Sulfadinzine?! #7273 18 33 126 126 151 1e8 163 Aureomyem 145 70

110 107 130 354 179 233 291308 129 239 428 29 470 Chloromycetn* #°
Salfamerazine™ 7o Circulinz .
Nystatm® (Myostatin)
Sulfanlamidezs 01 3
Sulfapy o 19 318 137 218 357 Dernucilino 6 72 76 121 151 185 165 161 163 170 239 154,
ulfapyridine 2w, 8 110

Sulfathiezole?! 126 185 162 364 170 309 345 357 428 439,201 209 345 247 408 1
Dramidimes Poly taymsse 120

Stilbamidine? ::ro:hgmqmn .

2-hydroxystiltnmidine*s! fotoanemon:n

e Y A " Streptomsy cin® 6678 19 120 142 163291 329 217 470
Qther Agents .

Acriflay e 141 302 150 Turramy ein * 19

y Tr roeydin (5 i1

Aleohiol, mtrayenous™

Alkahmzation therapy ** D Immunologic Agents

Mabrne's AuitoRenous s accie® 1 60 64 E 10 300 37 118 12
Calewum gluconate™ Gamma glohulm et
garapn:r,xf‘” Immune rabbit scram*
1azone
Lthyl vanillater” E Enzymes
Faadin® (Stibophen) Hyalurorudase (W3 daee?, Aludrae)th
Streptodomaserst

Furacindt
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effects in some patients with mycabic disease, improvement is often paly tom-
porary. la other instances, however, jodides have deletenous effects  Patients
hypersenstive to the invading fungus either did wot amprave or became
worse xapsdly when fodudes were administered.”” This was due to the hb-
eration of the fungus and its prod: {rom the granul tissue, wecessi-
tating a prior parkal & itization wath Bl yees vacoine,  Joddes have
been admistered by several youtes to patients with cryptococeal memmngitis
generally without heneficiaf effect {see Table VI, page 126}
Antimonials: Several 'y pound tud: P
tartrate and Fuadin® {stthophen), have been used wathout effect for treatment
N r=anncal mepmgitis 124 The fallure of anhimony potassium tartrate
’ . = W =tuan inbabit C reoformans was re-
- Grunberg and Schmitzer™
S

t

cartbamyl} benzene s
pound, designated Ro-2-3094, was effective against o. wwys N
tions of 05 to 15 mg/ml or 500 to 1500 pp/ml (1300 pg/ml ). Ro-2-3094
pound was relatvel; y the LDy dose in mice being 350 mg /Kg
mtravenousty.’®  Carton and Liebig®® determned this dose to be 390 mg /Kg.
Compound Ro-2-3094 was adnunistered subcutanecusly o 170 mice infected -
traperitoneally with eryptacacer, m a dosage of 50 mg /Kg daty for 21 days.
‘There were 130 survivors, while m an uotrexted group of 108 mfected mce
f -on were oply 22 survivors  Autopsy of the treated mice revealed tssue ne-
T 7T % sheco rnantts appear promising, the route

effective O~ Aemanstrabng patigeo -
theraper S e dmumls, page aes M. -
theless, - . nd further ammal test-
tag and chimeat triat are warrantea
Sulfonamides: In vitro studes by Fisher'’ revealed C neoformnans to be
relatwvely resistant to sulfonamides  For example, 50 to 230 mg. per centf sul-
famerazine were required to produce “weak infubition ™ Sulfadiazine m con-
centrations of 25, 230 and 500 mg per cent resulted m “weak,” “shght” and
‘ s+-eh Xhigman and Werdmon®™ noted that con-
400 concentration] of the following thirteen
. nc"afarman.: m vitto  sulfamerazne, sulfadi-

e, f - e odfandamide, sodum-S-salfa-

nifarmdo-naphthalens-1 AN

famlamido benzoate, .
Jide, N* ) uitan,

- b v . e

and sodwum bismuth mercaptoacetyl sulfatinazole Keeney, Ajello and Lank

f(ixrd‘"’ ‘reported that 2000 mg per cent sulfadizine was requied to hiby
> f 15

it

¢ p Newher sulfathuzole nor caused
bty

P at tiny and the p of whale blood re-

* Hofimann-LaRocke, Inc , Autley, N
4 One 1y per cent equals 10 ug/int
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As a form of therapy, fever imposes a heavy burden on a patient already
severcly ill  Induced elevation of body temperature by means of a heat cabinet
is resisted at first by profuse diphoresis until the body’s heat regulating
mechanisms are disturbed. Temperature rise may then be uncontrollable, as in
one of Mosberg and Arnold's™™ cases, or it may produce irreversible electro-
cardiographic changes, as m Carton’s®* case. There 15 no convincing evidence
at the present time that heat therapy 15 effective m the treatment of cryptococcal
meningitis.

X-irradiation: Radiation therapy of eryptococcis has been reported infre-
quently. Favorable results have been obtamned, however, in a few localized
lestons, Chapman, cited by Stone and Sturdivant,*® observed an inhibjtory
effect of x-rays upon the growth of C neoformans in broth culture and in spinal
fluid.

Jones's™*® case of extensive nasopharyngeal and palatine cryptococcal in-
fection was treated unsuccessfully with excision, cautery of the bases, and 10dides.
Following the institution of xarradiabon therapy, however, the nodules disap-
peared and further cauterization was unnecessary (two-year follow-up)  Soft
x-rays had been directed into the mouth as follows: one-fourth erythema dose, 6
mch gap, 5 mlliamperes, no filter at 20 nch d The same p dure was
repeated three times n a period of six weeks,

Two dramming cataneous lesions of the thorax of a patient were healed by
high voltage x-ray therapy following amputation of the leg for mfection of the
knee jomt #  Two patients with pulmonary cryptococcosis have been given deep
x-ray therapy * " One with localized pulmonary consohdation received 450r
directed to the lower lung fields posteniorly over a peniod of seventeen days At
the end of the treatment the area of consolidation had decreased in size.*** The
other patient who received deep wray therapy to the chest had a cerebellar
granuloma, he derived no benefit from the treatment s Although improvement
has been noted in x-irradiated localized lesions, infection of the central nervous
system appears to be umnfluenced by this form of treatment 68402 450

b Ch herapy: Among the chemotherapeutic drugs that have been em-

ployed m cryptococcosis are 1odides, a variety of metallic compounds, sul-
dramud and many pectfic agents { Table VI)

Todides. Sodium and potassium 1odides permeate extracellular fluds but
exert little specific action on microorganisms  Growth of Candtda albicans, for
example, 1s unchecked 1n the presence of 25 per cent (25000 ug/ml ) potassinm
10dide 7 lodides usually are ad ed to cause d of granulom-
atous tissue  When used n the treatment of late syphilitic lesions, 1odides are
said to remove mdurated and nodular granulomas and to promote healing of

ulcers *'°
Potasstum 1odide was used successfully in the treatment of cutaneous

North American blastomycosis, but it has not proved to be curative for the
pulmenary or systemic forms of the discase  The more Inghly specific dhami-
dine drugs, such as stilbamdine and 2-hydrovystil i have mostly re-

placed iodide therapy
Although admnistration of 1odides 1s accompanied by benefictal chnical
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tios, St snsonsTLassan s When administered too rapidly by the stravenous
route, stilbamidine may canse owewlatory coblapse. It 1 latgely retained by the
tissues and only 5 to 10 per cent is exercted m the unme® The dmg is con-
centrated in the hver, Mdneys, adrenal and sweat glands, with the result that
degencrative changes may be produced in these organs. Serfous hepatic and
renal disease may be ficafions, therefore, to the admmistration of stil-
bamidme. The drug also becomes concentrated in the nervous system, but the
specrfic tissue varies i different anwnal species. In dogs it is the cerebral gray
matter, while m man it is the peripheral nerves 1™ The drug is unstable to
Tight. Total doses evcerdimg 25 Gm are bkely fo eause trigemmal nenropathy
w man, especinily an exposure of the patient to sunhght™  Because of these
and other olijectianable features, closely related analogues of stitbamidine were
prepared and tested

In the course of studies with Zhydrovystibamadine, Snapper™ cbserved
that 1t relieved the pam of multiple myefoma as effectively as did sufbamidine,

Ny, /N“.v
>y®cn=ou- =
Xt it
Fio 83-Sulh (44 stilbeoedicatbonamndine)

but without causing tngeminal neurapathy or distorbance of kedney function,
hence 1t covld be adminsstered i much larger doses  The 2-hydrosystibamidine
compound is more stable i solution and less tove than stibamidine and it in-

halnts the growth of leis Bl yees der dis and Fstople

capsulatum equally well  The successful teeatment of several cases of North
A Bl ¥ with 2-hyd ibamidine was reported subsequently
by Snapper and lus tes 94356 T w adults of wtrave-
nous ad of 110 mg 2-hydroxyshit bine dinsett ° d

m 20 m} S per cent ghicose i normal saline admimstered intravenously over a
20 minute peniod every other diy untll daly doses could be tolerated  One
pahent recesved a total of 196 grams 2-hyd Ihamdme diasetinonate, and
another recerved 81 grams dunng fitty-two days of freatment A chuld wath
North Amencan blastoniycosis was treated by dary miusions of Z-hydroxystil-
b d A ) Admuni: weas at frst imntravenous {eight weeks)
then mtramuscular (seven days), using 2 75 mg dose contamed m 2 ec § per
cent procame-ghicose solution.™  The drug was well tolerated by intramuscudar
route and no evidence of towc neuropathy was observed In the case of a
patient wha had receved large amounts of 2-hydrovyshibammdune, skin bopsy
with fuorescent mictoscopy revealed the drag to be present m the epidermus,
sweat glands, cutaneous nerves, and 10 the mflammatory exudate fn patients
 whom chnical cures were oMt 4 ly, it was observed that the
strams of B dermaturdis wsolated i each mstauce had a different degreo of

y to 2-hyd It dine {eg, 1, 15, 30, and 43 ug/ml ) and, m two
coses, seemied to be relatively resstant The discrepancy between favorable

¥ Contamns §1% Z-hydroxystilbamsdine (farnished by Wilbam S Merrell Co )
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duced the whibitory effect even further. In vitro experiments by Gonzales and
assocjates’*1%* demonstrated that copper sulfamerazine and copper sulfathiazole
timulated rather than inlibited the growth of C neoformans

Blood levels of sulfapyndine, sulfanil and di achieved in
patients with cryptococcal meningitis were 9~13 mg. per cent, 9-12 mg, per cent,
and 8-13 mg. per cent, respectively.1*151339.4% Spina]l fluid levels of sulfa-
pyndme and sulfadiazine have been found to be 1.7-50 mg. per cent and 4 5-7.1
mg. per cent, respectively,ssm128

It is obvious, therefore, that trations of sulfc ide obtained in the
blood and spinal fluid of patients are far below the nunimal concentration neces-
sary for inhibition of the organism In the case of sulfadiazine, for example,
the spinal flmd level achieved is only 1{ngth the required inhibitory concentra-
tion However, depending upon the pharmacelogic properties and biologic
nature of the drug employed, there may not be a direct relationship between in
virto fungistatic activity and in vivo curative effect (see Diamidmes, page 132)
The potential leukopenic effect of sulfonamide is considerable, and, for this
reason, therapy has been discontinued i some cases of cryptococcal meningitis 27
In view of the patient’s poor immunologic response, it is possible that leukopenia-
inducing drugs such as the sulfonamides may do more harm than good.

In 1942, Marshall and Teed®™ reported the case of 2 9 year old white gurl
with bilateral cryptococcal mastorditis and localized cryptococcal menngitis,
treated by sulfadiazme and bilateral mastordectomy. Blood and spinal flud
levels of sulfadiazine were 60 mg per cent and 50 mg per cent respectively
Eleven years later the patient was still alive, asymptomatic, and reported free of
infection, although spinal puncture had not been performed since the case was
first reported *°  The above authors were “impressed by the apparent curative
effect of sulfadiazine” Following thewr original report, sulfonamide therapy of
patients with cryptococcal memngtis was reported by other mvestigators ( Table
VI), and the vanous sultonamide drugs have received a thorough chnical trial
but with umformly poor results.

Diamidines: In view of the serious prognosis of cryp I ingrtis and
its resistance to therapy, a report of the successful treatment of a case of general-
1zed eryp with 2-hydroxystilbamidine is of considerable mterest **

Chinical tnal of diarmdme denvatives mn North American blastomycosis and
other mycoses was first shmulated by Elson’s report'® of the inhibitory effect
of propamidine® on Blastomyces dermatitidis, Sporotrichum schenckii and other
tungl. Schoenbach and associates®™ *7 successfully treated 4 patients with cu-
taneous and systemic North Amernican blastomycosis, using propamidine and
stilbarmdmet, and many others have reported equnl success 16,74,83,811,315,306  The
cffectiveness of stlbamid ry inf m mice was
reported by Heilman 7 Propamldme and snlbamxdme {Fig 83) are members
of a sertes of aromatic dramidines introduced onginally for the treatment of kala-
azar* and more recently multiple myeloma **

Stlbamidine 1s a toxic drug with both immedhate and delayed manifesta-

# (44 dramdimo 1,3-diphcnoxypropane)
§ (44" stilbenedicarboramidine)
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seventeen consceutive days for a total of 405 Gm.  Marked subjective improve-
ment occurred, and by the fourtcenth day of treatment the temperature had
retumed to normal from a level of 103°F. The patient was discharged after
thity days” hospitahization, at which tune hver, spleen, and lymph nodes were
no longer tender or palpable. This patient apparently did not have menmgeal
infection, and, for that matter, 1t is uncertam that all her mitial elmical mani-
festations were due to cryptococcosis.  Smce the dizmudine drugs have been
used to advantage in muluple myeloma, the good results obtained m this case
are not necessanly indicative of the control of the infectious process The
authors have informed us that twenty-one months fater there was no evidence
o Beforc this ging experience can be evaluated properly,
further follow-up of this case and treatment of other patients wath this drug
will be necessary.

Ethy! vaniliate:® This by-product 1n the manufacture of sulphite pulip is an
ethyl ester of vamllic acid with the formula ethy] 4-hydroxy-3-methoxy benzoate

1

(CuH,0,). 04 1t inlubuts Histopl . at of 200~
400 pg/ml 17 hut has the disadvantage of causing a burning sensation of the
mucous b Lane™" admi 1 the drug orally to a I2 year old girl

with cryptococeal meningatis, at a rate of 35 grams every four hours  After ine
days, intractable vomiting set in and the eluld refused further medication.  Shortly
thereafter she became 7 1 and was discharged from the hospatal, but
was readmitted 6 months later and succumbed to the disease before the drug
could be admunistered a second time Chnstie and assoclates™ have em-
phasized that the margin hetween effective therapeutic dose and towie dose
of ethyl vamllate is too narrow for it to be dered a desirable theray
agent  Blood levels above 50 mg per cent (500 ug/ml ) wncreased the toxic
f which { of & iness, apathy, shin eruption, respiratory
4 £ 1 Tuted

alkalons, and possibly hiver necrosis and degs 7
renal tubules Daily admumstration of ethyl vamllate by syrmge gavage was
meffective 1n delaying mortabty in Histoplasma-mfected white Swiss mice 4°

Esters of parahydroxybenzoic acid: McVay and Spruntt demonstrated by in
vitro and 1n vive experiments that esters of parahydroxybenzoie acid exerted a
defimte mhibitory effect on five Candida species  Methyl and propyl esters of
paraben, gven to thirteen patients i a daly dose of 800 mg for four days,
were tolerated without toniaty  They were also nontoxic when mshlled into the
vagma and rectum  More detatled studies bv Siegel™ vevealed methyl para-
hydroxybenzoate (methyl paraben) to be mhibitory m vitro for € neoformans
at 275 pg/ml and propylparahydroxybenzoate at 50 ug/ml By combining
methylparaben and propvlparaben, an additive but not synermstic mbabitory
effect was obtamed  Wolf*"* reported that p-hydracy methy] benzoate mhibnted
€ ncoformans in vitro i concentration of 005 per cent (500 pg/ml )

Thi icarhazones. C ds of the t! bazone group have been
testfo(lll for mhibitary action on C neoformans **  Complete inhibition was noted
as follows

*E R Squibb & Sons, New Brumwick, N J
¥ Proc Soc Exper Biol & Med 78 759-78), 1951
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chmeal results and in vitro resistance may be explaned in part by the drugs
pharmacologic property of concentrating m infected tissues and inflammatory
cells. Thus it 1s posstble that infection with fungus species such as C. neo-
formans, with even greater resistance in vitro, may be controlled by 2-hydroxy-
stilbamidine,

Duamidine derivatives have been employed experi lly and chnicall
in the treatment of cryptococcoss. Fisher'* found that two strains of C. neo-
formans were destrayed by i ation of 0062 per cent

i

(620 pg/ml.) and 025 per cc:\t (LQSOO pg/ml}) and inhibited by 0.008 per cent
(80 pg/ml). 1In vitro studies by Solotorovsky and associates” showed propam-
idine and hydroxystilbamidine to be the most active diamidines against C.
neoformans (see Table VIII, below). One of our recent isolates of C. neo-
formans from a fatal human case was inhibited by 675 pg/ml 2-hydrocystil-
bamidme® and by 125 ug/ml. 2-aminostilbarudine ®  Fisher'® found that
propamidme did not protect mice aganst C. neoformans infection, and Miller
and his associates™* were equally unsuccessful with stilbamidine in mice mfected
by the cerebral route. An unsuccessful climical tral of stilbamudine in three
cases of cryptococeal meningitis was reported by Miller and associates 7 In-
travenous admmustration of the drug faled to affect the clinical course of the
disease The anthors felt that this was consistent with the relative resistance
i vitro of Cryptococcus neoformans to diarmdine drugs when pared with
the sensitivity of Bl yces dermatitidist™124397 (Table VIII)

Tante VIIT—IN VITRO ACTIVITY OF DIAMIDINE DRUGS
(After Solotora.shy et al )

C neoformans | B dermatitdis
Stibamicline 50 pg/ml <2 5 pg/ml
Stifbamidme +1% albumm 100 5
Hydroxystilhamidine 25 <25
Hydroyy stilbamudine +19 albumn 50 <25
Pentamidine* 100 25
Phenamidime t >100 50
Propamidmet 10 25
g4 ) tiony )

+ p.p’ ovyeibenzamdine
1 4,4' diamidino 1,4-diphenoxy propane

Whitehill and Rawson,** however, reported the successful treatment with
2-hydrovystulbamidine of a 16 year old Negro gl beheved to have generalized
cryptococeosts but no mtracransal wnvolvement The patient had generahzed
adenopathy and splenomegaly which were considered due to Hodgkin's disease
until bropsy and culture of a supraclavicular lymph node led to a diagnosis of
eryptococcasis. Treatment with 2-hydroxystlbamidine was nstituted, 75 mg
contained in 200 ml 5 per cent glucose was admi) d by slow
dnp the first day, 150 mg the second day, and 225 mg daly thereafter for

@ Fyprshed by Wullum § Merrell Co, Cinemnati, Ohio
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seventeen consecutive days for a total of 405 Gm.  Marked subjective improve-
ment occurred, and by the fourteenth da ay of treatment the temperature had
returmed to normal from a lovel of 103°F. The patient was discharged after
thirty days’ hospitahization, at which time liver, spleen, and lymph nodes were
no Jonger tender or palpable  This patient apparently did not have meningeal
fection, and, for that matter, 1t §s uncertain that all her inival clinfcal wani-
festations were due to cnyp is  Since the damidme drugs have been
used to advantage in multiple mycloma, the good results obtained in this case
are not necessanly indicatne of the control of the infectious process. The
authors have informed us that l\\'L‘uty-m\c months later there was no evidence
of recurrence.  Before thus ¢ can be eval d properly,
further follow-up of this case and trc.\lmcnt of other patients with this drug
will be necessary,

Tithy} vonitlate.® This by-product in the manufacture of sulphite pulp is an
ethyl ester of vanillic acid with the formula cdlyl 4-hydroxy-3-methoxy benzoate

(C,.,II,,O yeme Tt inhibits Histopl at of 200-
400 pg/mi > 7 1% but has the disadvantage of caustag, a burming sensation of the
mucous \: Line*” ad d the drug orally to a 12 year old gl

with eryptococeal memngytis, at a rate of 35 grams every four hours  After ninc
days, intractable vormting set m and the child refused further medication,  Shortly
thereafter she became asymptomatic and was discharged from the hospital, but
was seadmitted 6 monthy later and succumbed to the disease before the dg
could be administered a second time Chnstie and associates™ have em-
phasized that the margin between cffective therapeutic dnsc and toue dose
of ethyl \amllate is too natrow for it to he d a desirable th
agenh Blood levels above 50 mg per mnt (500 pg/ml) increased the toxic
ions, which of d , apathy, sLm emptmn. rcsplmmry
alkalosis, and possibly liver necrosis and degener
renal tubules. Daily admimstration of ethyl vamllate b) s)nngc gavage was
meffective in delaying lity 10 fected white Swiss muces”
Esters of parahydroxyhenzoic acid. \lc\’av and Spruntt demonstrated by m
vitro and 1n vivo expenments that esters of pnmh\drovaenzmc acid exerted a
definite inhibatory effect on five Candila species.  Methyl and propyl esters of
pacaben, given to thirteen patients n a dalv dose of §00 mg for four days,
were tolerated without toueity  They were also nentoxic when mstilled 1nto the
vagina and rectuma  \Mare detasled stadies by Swegel™t revesled methyl para-
hydm‘(yhcnznate (methyl paraben) to be mlubnory m vitro for C neoformans
at 27:: pg/ml and pmpylparah)drm\benzontc at 50 ug/ml. By combining
and propylparaben, an additive but not synergistic mhlbnory
eﬁec\ was nhmncd Wolft*s reported that p-hydroxy methyl benzoate mhibited
fe w vitro in of 005 per ccnt (500 pg/ml)
i Compounds of the th group have been
testfm‘l for infubitory action on C neoformans ™ Complete inhibition was noted
as follows:

SE R Sequbh & Sons, New Bramswach, N}
tPoc Soe Faper Buat & Mcd 78 739761, 1951



134 CRYPTOCOCCOSIS

Tibione {4-acetylammobenzal thnosemiearhazone) 250 pg/m]
Myvisone (p-form lacetanilde thiosermcarhizone) 250 pg/ml.
Vantthiazone 100 g /ml
Bromothiazone 50 pg/ml

Thiocarbamate derivatives: Urethan (ethyl carbamate), employed in treat-
ment of lymphoblastoma, is one of a group of compcunds used to control fungus
plant diseases*  Khigman and Weidman®® tested six carbamates and noted that,
although they exerted a marked fungistatic effect m vitro on C. ncoformans
(1: 50 000 or 20 ug/ml.), even in the presence of hlood, :md were of low toucxty,
carb were ful in protecting mice inf 1 with cryp

Thiourea derivatives: Both dithiocarbamyl hydrazine and thiocarbamyl
hydrazine ihibited C. neoformans at 40 mg. per cent (400 ug/ml ), in the pres-
ence and absence of human serum, however, dithiocarbamyl hydrazine failed to
nfluence the fatal course of cryptococeal-infected mice.

Compound P-594: Drugs of the type ArCH(OR)CBr(NO,)R’ have been
noted to possess strong anhfung'll acnvu} e A cumpound designated P-54
(2-bromo-1-methoxy-2-mtro-1-pk ) inbhil y deymati-
tidis in 1 pg/ml, Candida nlbzmm in 10—"5 pg/ml, and Saccharomyces ceremsiac
in 10-25 pg/ml  No results were reported for C neoformans. The compound
was well tolerated in 1 per cent concentration in vanishing cream when apylled
to the skin

Fatty acid derivatives: Pelargome, capric and undecylenic acids were the
most effective of the 13 fatty acids studied in vitro by Khigman and Weidman,”
but whole blood added to the medium reduced the fungistatic effect. None of
the foll g compounds afforded protection to mice inoculated with crypto-
cocct by the intrapenitoneal route. (1) sodium pelargonate 500 mg./Kg, (2)
sodm caprate 150 mg /Kg. or (3) sodium undecylenate 400 mg /Kg

B-diethylaminoethy! fencholate: This organic compound ongnally deseribed
by Tilford and co-workers'® and designated MRD-112° was found by Ludwig
and associates™ to be an effective antifungal agent When compared with
ghotowun, a highly active but toxic antifungal agent ns \ve]l as with dmmt}mzo]&
nitrofurfuryl methyl ether, and copper-3-ph it p com-
parable activity 1n mhibitmg C neo/orm{ms as follows

Gliotoxn | U 100 ug/ml
Duamthazole >500 ug/ml
Nitrofurfuryl methy! ether 500 ug/ml
Copper-3-phen3 ! salicy late >500 ug/ml
MRD-112 500 ug /ml

LD;so in muce for MRD-112 was found to be 72 mg./Kg , while that for diathazale
was 98 mg /Kg

Naphthoq and related it ds: The fi atic propertres of 2,3-
dichloro-1,4- naphthoqumone were first reported by Ter Horst,**! and the drug
was applied for the treatment of superficial mycoses s Its fungxst:mc activity

in vitro, as well as that of other naphthog ding Mena-

bocvlate hydrochlonde, Wm

® g-dicthylammoethyl I.methyl-3-sopropyi
S Merrell Co, Cinemnati, Ohio
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dione, was considerably reduced by whele blood  Five quinone derivatives
farled to protect muce fnfected wtraperitoneally vath € neoformans.?
Quinacrine (Atabrine) wasr =~ 7 T )
centrations of 25 to 50 mg per ¢ ' . .
mg per cent (30-230 pg/ml)? .
#g/ml. may cause totic mamfestations in humans and these levels are rarely
found in patients treated comservatively with this drug,™* it 1s of little thera-
peutic value 10 eny ptococeal infections
Antibistaminic compounds: The wlnbitory effect of Pyribenzamme hy dro-
chlonde (Csba) Antistine hydrochlonde (Ciba) and diphenylpyraline (Nopco)
was reported for C neoformans at levels of 1000, 250 and 500 pg/ml , respectively,
which was reduced by the addttion of horse serum Assumzng that all tissues

‘o . .
value in cry ptococcal infect.on

Isonicatinic acid hydrazide: Instead of an mibitory effect, isonicotme acid
hydrazde caused enhancement of grawth of C neoft and other path i
fungi at concentration of 08 mg /ml. (800 pg/m!), although some inhibitory
effect was noted at 10 mg/ml™ This observation would be of chnical jm-
portance for patients with co-evisting tuberculoss and fungus discase who might
be recening this drug

Aiscell

pounds: The most pre} lab y evaluation
of chemotherap drugs for eryp is was undertaken by Khgman and
Werdman,*® who made tests m vitro of several hundred miscellaneous com-

pounds, none of which was effective in dilation 1 500 (2000 pg/ml) A partial

Iist follows

antunony potassum tartrate
dichlorophenarsine
diethybtilbestral
hyamine 10¢

hyamrne 1622
NobatyImalermide
Neoarsphenamine
micotinanude
mitrofurazone (Furacin®)
p-aminobenzoic acid
praminoluppunic aad
p-mtrobenzoic acd
phenasine di-N-oude
phenothiazme
propanidine

pyamidine

quinicnne { Atabnne® )
quinine

resorcinol

sodium  pip'diaminodiphenylsulfone-N.N"
didestrose sulfonate (Promin®)

stihophen (Fuadin®)

ot dsmethylaminomethy 1)-1-naphthol hydro-
chlonde

- metanilamdo-5-chlorapynimidine

3-phenyl hydanton

4,2"-dummopheny]5” thiazolylsulfone (Pro-
mizole®)

44dihydrory 33'd: { chethylamnomethyl)-
5,5"-dialhyL-dipheny! dihydrochlonde

5 amino-7-hydrovy-1-tnazole

8-cy ano-2-methovy-O-1s0propy lammapropy 1
ammaacndine

8-methoty-8. 1 ty 1

quinchne
B-methoxy-8-morpholino-prapy lartunia. qeuno~

Ine
6-pheny}-5,6-dibydrouracil

Daraprim® {see Addendum, page 149)
Chlorquinaldol (see Addendum, page 150)
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c. Antibiotic therapy: Antibiotics have been employed successfully m the
treatment of bacterial and viral diseases of man, but they have not proved
useful for the treatment of cryptococeosis (Table VI). Although many anti-
fungal antibiotics produced by bacteria, actinomycetes and fungi have been
found to be effective n vitro against C. neoformans (Tables IX, X, XI), their
liigh toxicity and ineffectiveness in vivo has rendered them of Ittle clinical value,

Taple IX —ANTIFUNGAL SUBSTANCLES DERIVED FROM BACTELRIA

Antifungal sbstanee Derrved from | Yo vitro smhubition | g monee
of € neoformans
¥ {4 12,281,253 Ch. b T bt Nentoue In amounts
prodigiosum therapeutically effec-
tive for C. tmmilis
mfectton
Violacen 34 Chromobactersum — 1-2mg tolerated
violaceum (intraper.)
Pyocy hd 7 aerug - MLD. 2 mg (ntra-
per.)
Hemu.T X308 408 1 — MLD 5 mg (ntra-
ven )
Circulin?™2 292 @23 Bacillus cireulans 8-15 ug/m! LD« 23 mg /Kg
(intraven }
Polym) xinse 17 Bacilius polymyza 3 ug/ml LDw 300 mg/Kg
(subeut )
Bacillomyein 1993039 | Baellys sublilis 20-50 pg/ml  |LDyo 75 mg /Kg
(untraper )
Famyetn $2* Bactllus subliles None 8mg tolerated {intra-
ven )
Fungistatmn’®* Bacrllus sublilis 14-21 ug/mal, LDy 90 mg /Kg
(Antibrotic XG) {05~100 untts/mg ) | (tntraven )
Mycosubtiltnt4 Bacallus sublihis 5 ug/ml MLD 1mg (025mg
tolecated)
Fluvomyemn® Bueillus subtihis 13-20 pg/ml LDy 13 Gm /Kg

(50-75 units/mg ) | (ntraven)

* Alpha-hydroxy phenazme
t Both considered sumular by Sharon et al 3¢ and to seven other ant:fungal extracts pro-

duced by Bacilus sublilis

Patients with cryptococcal meningitis have been treated with the following
antibiotics without matermally altenng the course of the illness: Actidione, Aureo-
mycin, Chloromycetin, crreubn, p 11 polymyxm, prodigtosin, proto-
anemonin, streptomyemn, Terramycmn and tyroaidin

Khgman and Weidman’s*# extenstve studies in vitro revealed that the
effective antibiotics of antifungal nature were Actidione, protoanemonin, bacillo-
mycmn, pleurotm and alliein  Nevertheless, none of these afforded protection to
mice infected with cryptacacer  Antibiotics winch were found to be meffective
1n vitro were crude Ilin, p 1l o T In K, llic acid, C}rlom-
mycetin, Aurcomycin, streptomy ein, baertracin, tyrothncmn, tyrocidim, gramicxdin,
subtiltn, gladiolie acd, crepim, kope acd and aspergilhe acad #** Hobby and
assocrates,®” who had reported ant-cryptococeal activity of culh'nc filtrates of
cillium notatum, probably were working with unpunfied fractions.

Pem
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Antifungal substances derived from bacteria: Antifungal nnhlnohfS pro-
duced by bacteria are: prodig, iolacein, pyocy henjl-p?fncymunc, cir-
calin, polymyun, bacillomyemn, cumyein, fungstatin (Antibiotic XG), mycosu.b-
tidin, flsomycin (Table IX). Three of these compounds have been adminis-
tered unsuccessfully to patients with cryp 1 ingitis, ie, prodigi
sin,? 347 circulin, which was nephrotosic,*** and polymywun 32

More than a score of antifungal substances have been extracted from Bacillus
subtilis smce the first report of Lewis, Hopper and Schultz,*® who nated anti-
fungal activity of culturc fltrates of this orgamsm. Landy and associates?*!
described bacillomyein, derived from Bacdlus subtilis, which inhibited C. neo-
formans at a concentration of 005 mg /ml (50 ug/ml.). Nine antifungal agents
subsequently extracted from Bacdllus subtilis by vanous workers were shown by
Sharon and associates’™ to be similar, ie, they were all extracellular, zadic,
nondialyzable and heat-stable polypeptides, not affected by pepsin or trypsin,

Tame X —ANTIFUNGAL SUBSTANCES DURIVLD FROM FUXNGI

In vitro smhihi-
Antifungal Dernved from tion of € Toxictty for mouse
substance neoformant
Claviem®@ 4 8| feperpillus claatus 100 ug/ml  [LDys 05 mg /Kg (ntraven)
Cunnnt 2035 | Peertlium eitrinum | 1,000 pg/ml. | LDy 35 mg /Kg (intraper )
Gliotoxin®$t 30438 | Trichoderma 100 ug/ml | LDy 45-65 mg /KR (mtraper )
(05 ug/ml)*
Pleurotm0 2 | Dleurotus yrisens 10 4g/ml |24 mg /Kg tolerated (intraven.)
Trichotheem® | Trichothectum roseunt — -
Virudm# aam Truhoderma vinde | 200~500uz/mt -
Ustilagic acid™® | Ustilago zeae 10-15,g/ml 1500 mg /Kg tolerated (oral)

* One gram contains 20,000,000 units (Itexlly et at 240

and all possessed sumlar propertics with respect to solubility ~ All nine sub-
stances were theref 1 as “bacill * Three additional antibiotics
not satisfying these critena were fungistatin (Antibiotic XG),'™ mycosubtilin #**
and rhizoctonua factor *** Another dialyzable antibiotic denivatie of B. subtilis,
active agamst C neoformans and named fluvomyein, was reported by Carvajals!
Although the compound was of a low order of tovcity in mice ( Table IX, page
136), Carvajal was unable to demonstrate protective action
To our knowledge, the Bacillus subtihs dernvatives have not been adminis-
tered to patients with cryptococeal meningatis  The dervatives should be with-
held until they are punfied to a higher degree and rendered less tovic.
Antifungal substances derived from fungi. Antihiotics exlubiting antifungal
activity and denived from fungy are clavicin, crtrimin, ghotoun, pleurotin, trcho-
theemn, vindin, and ustilagic acid (Table X)  Pleurotin and vindim were noted
to be mhibitory 1n vitro to C neoformans 1n concentrations of 10 pg/ml and
200 pg/ml , respectively, but the former drug was neffective 1n treating mice 1n-
foert ' o * neal route **  The most pronusing of these
which 15 a parhally acylated denvative of
acd obtamed by Haskins and Thomn**
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c. Antibiotic therapy: Antibiotics have been employed successfully in the
treatment of bacterial and viral diseases of man, but they have not proved
useful for the treatment of eryptococcosis (Table VI). Although many anti-
fungal antibiotics produced by bacteria, actinomycetes and fungi have been
found to be effective in wvitro against C. neoformans (Tables IX, X, XI), therr
high tovicity and ineffectiveness in vivo has rendered them of little clinical value.

Tante IX —ANTIFUNGAL SUBSTANCES DERIVED FROM BACTERIA

o
Antifungal substance Derived from I:f‘g"ng:;:rl::at:,n,n Toxteity for mouse
Prodigiosin?sz 261 293 Ch b — Nontoxic 1 amounts
prodigiosum therapeutrcally effec-
tive for C. wmmilis
mfection
Violacen s 2 Chromobacterium — 1-2mg tolerated
violaceum (intraper )
Pyocy @ P aeruginosa — MLD: 2 mg (ntra-
per )
it pY *aedq0n| p, it MLD: 5 mg (ntra-
ven)
Cireulin?™3:3%2 421 Bacillus circulans 8-15 pg/ml LD 23 mg /Kg
(ntraven)
Polymyxin® 127,01 Baciltus polymyza 3 pg/ml LDy 300 mg /Kg
(subeut )
Bacillomycin $22°22037¢ | Bacafins subtelrs 20-50 pgg/ml LDso 75 mg /Kg
(ntraper.}
Eumyeint®! Baciltus sublilis None 5mg tolerated (intra-
ven )
Fungstatint® Bacallus subtihis 14-21 pg/ml LDy 90 mg /Kg
(Antibiotic XG)Y (65-100 umts/mg ) | (ntraven )
Mycosubtilin 1t Bacullus subtilis 5 ug/ml MLD 1mg (025mg
tolerated)
Flur omyem®t Bacillus subtilis 13-20 pg/ml LDs 13 Gm /Kg

(50-75 units/mg ) | (mtraven )

« Alpha-hydrosy phenaztne
1 Both considered similar by Sharon et al 37 and to seven other antifungal extracts pro-

duced by Bacillus subllis

Patients with cryptococcal menmgitis have been treated with the followmg
antibioties without materally altering the course of the illness  Actidione, Aureo-
myem, Chloromycetin, airculin,  penreillin, polymyxm, prodigtosin, proto-
anemontn, streptomyem, Terramycin and tyrocidin

Khgman and Weidman's-* extensive studies n witro revealed that the
effecttve antiiotics of antifungal nature were Actidione, protoanemonin, bacillo-
Nevertheless, none of these afforded protection to
Antibiotics which were found to be meffective
m vitro were crude p 1 Ilin G, | In K, | Ihe acid, Chloro-
mycetin, Aureomyein, streptomycin, bacitracin, tyrothnicin, tyrocidin, gramicidm,
subtiln, gladiolic acid, crepm, hope acid and aspergillic acrd *° Hobby and
assocrates,’” who had reported anti-cryptococeal activity of culture filtrates of
Pemetlim notatum, probably were working with unpurnfied fractions,

mycin, pleuroun and alliem
mice infected with eryptococe
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Antifungal substances derived from bacteria: Anhfunz,al antibiotics pro-

duced by bactena are: prodigy , DY , b y , cir-
culin, polymywn, bacillomyein, cumycln, f { Antibioti XG) s
tilim, fluvomyen (Table IX). Three of these compcunds have been adminis-
tered unsuccessfully to patients with eryp * 1e, prod

s, %7 crrculin, which was nephrotosic,** and polymyxin 25432

More than a score of antifungal substances have been extracted from Bacillus
subtihis since the first report of Lews, Hopper and Schultz,* who noted anti-
fungal activity of culture filtrates of this organism Landy and associates?®=1t
descnibed baeillomyern, denved from Bacillus subtilss, which inhinted C. neo-
formans at a concentration of 003 mg /ml. (50 ug/ml) Nine antifungal agents
subsequently extracted from Bacillus subtilis by various workers were shown by
Sharon and associates*™ to be similar, ie, they were all extracellular, acidic,

dalyzable and heat-stable polypeptides, not affected by pepsin or trypsin,

TisLe X —ANTIFUNGAL SUBSTANCIES DURIVED FROM FUNGI

Antifungal In vitro mhibs
Dertsed from tion of € Toxicity for mouse
substance
neaformans
Claviemto st | topergillus clatatus 100 pg/ml | LDw 05 mg /Kg (ntraven)
Citomun™t 20358 | Penyertlium ertrenum 1,000 ug/ml  [LDs 35 mg /Kg (ntraper )}
Glioton®® 190485 | Trichoderma 100 ug/ml  |LDg 45-65 mg /Kg (ntraper )
(05 pg/ml)*
Pleurotin®® 4 | Plenrotus greseus 10 ug/ml 21 g /Kg tolerated (mtraven )
Trichothecin it Trichothecinm rovenm — -
Vindm e Trichoderma uinde | 200-500ug/ml —
Ustilagic acid!® | Ustilago zeae 10-15ug/mt | 1500 mg /Kg tolerated (oral)

* One gram contwns 20,000,000 wnits (Retlly et al 20y

and all possessed similar properties with respect to solubihty ~ All nme sub-
stances were theref lassified as “bacill " Three additional anttbiotics
not satisfying these cntera were fungistatin ( Antibiotic XG ), mycosubtilin,
and rhizoctonna factor 25 Another dralyzable antibiotic dervative of B subtilis,
active agamst C neoformans and named fluvomycin, was reported by Carvajal !
Although the compound was of a low order of toucty mn mice { Table IX, page
136), Carvajal was unable to demonstrate protective action
To our knowledge, the Bacillus subtilis dertvatives have not been admms-
fered 1o patients with eryprococeal meningtus  The dervatves should be with-
held until they are punfied to a higher degree and rendered less toxie
Antifungal substances derived from fungi Antibiotics exhibiting antifungal
actmty and denived from fung: are clavicmn, citrinmn, ghotovn, pleurotm, tricho-
thecmn, vindm, and ustlagic acid (Table X)  Pleurotin and vindin were noted
to be inhibitory m vitro to C neofomuzm 1 concentrations of 10 ug/ml and
200 ug/ml
fected with
drugs appe
di-D-glucosyl-cihy dm\:yhex'ldecanolc acid obtamed by Haskis and Thorm®®
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from Ustilago zcae. It mbits C. neoformans at 10-15 pg/ml. and 1s relatively

nontovic to mice and rats on oral administration,

ported.

Protection tests were not re-

Antifungal substances derived from actinomycetes: Alexopoulos? pointed
out that as many as 56 per cent of all cultures of actinomycetes possessed some

Tapte XI —ANTIFUNGAL SUBSTANCES DERIVED FROM ACTINOMYCETES

Antifungal substance

Dernved from

In vitro inhibi-
tion of €
neoformans

Toxictty for mouse

Actinomy eine 47

C-381%4

C-1354%

Musarin? ¢15
Streptathriciniss 110,330 351 418

wm

Streptomyces antibioticus

Streptomyces (WC 3569)
Streptomyces (WC 3570)
Streplomyces sp

Streptomyces larendulae

Actidione 18 459 st

Candierd m

griseus

Streptomyces griseus

Rimocidin® #3178
Thiolutn®® 37
Fradiein™
Ascosin®
Candidm 7

Fungieadin ™, 150
(nystatin)

gresens
(No 3570)
Streptomyces rimosus
Streptomyces albus
Streptomyces fraiae
Streptomyces canescus
Streptomyces miridoflavus
Streptomyces nourser

cellulosae

Mycotiein®™

Streplomyces ruber

06 ug/ml

14 ug/ml
<25 pg/ml

230-500 pg/ml

>4,000 pg/ml

021 pg/ml

05-10 pg/ml

5-10 pg/ml
5-25 ug/ml

24 pg/ml

extremely toxie, 10 pg
alls mouse 1n 2448
hours

LDt >2630 units
(ntraven )

LD.o: 250 mg /Kg
{intraven )

LDy 1500 mg /Kg
(subcut )

LDy 150 mg /Kg
(mtraven )

LDy, 47-79 mg /Kg
(mtraper), 1% sol
subcut causes neero-
sis

LDw 20-30 mg /Kg
(ntraven )

LDy. 25 mg /K&
(subeut )

LDy 4 mg/Kg On-

12 umts/ml

156 ug/ml

6-8 ug/ml

traper )
LDy, 86mg /Kg (m-
traper )
LDy 7-36 mg /Kg
(mtraper )
LDw 20-26 mg /Kg
(intraper )
Tovie dose 164
mg /Kg (ntraper)
LD® 10-20 mg /Kg
Gntraper )

antifungal substances, one-third of these being strong mhibitors of fung

This

is illustrated by the large number of antifungal substances derved from the
actinomycetes hsted in Table XI, the most recent bemng Actidione, nystatin,

candicadin, ascosin, fradicin, nmoctdin, thiolutin, and candidin

Of these, Ac-

tidione has recewved the most extensive chmeal trial in cryptococeal meningitis,
but with poor chimeal results
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Nystatin {fungicidin, Mycostatin},” denved from. Streptomyees noursei '
is a promising antibiotic which 15 strongly fungiadal but lacls it ia
actty, It is inlubitory ta C neof n ion of 156 ag/m! ™™ an
is well tolerated Intraperitoncally by mice in dosage of 24 mg /Kg, by dogs in
dosage of 1 Gm /Kg, and by rats m dosage of 300 mg./Kg, by gastric lavage.
The survival time of mice infected ity ty with cryp was led
beyond that of the control group by parenteral nystatin '™

Nystatin was admmistered oraffy to two patients at the Mt Sinas Hospital,
New York m 1955 without benefioal result. Qne patsent with lymphosarcoma,
generalized monthasis and cryptacoccasis received orally 1,500,000 umts of
nystatm every day for four days, but subsequently died A second patient
with Hedghen's discase and g lrzed ) apd cryp received
3,000,000 unts of nystatm orally every day for seven days ond also died  An

preparation g 200,000 umts per 2 cc wial, now avaslable
for admmistration with § per cent glucose, may prove more efficacious  The
potential parenteral toviaty of nystatm, however, must be carefully considered
For example, after the fourth 05 myg dose of nystatm had been mjected sub-
ty into Histople fected mice, supp lessons appeared at the
site of injection and 2 to 3 weeks were required for healing after discontinuance
of therapy **  The complete reversal of the funpadal achvity of fungrerdin, an
antibioie wentieal with nystatin, by M/100 cysteme hydrochlonde,™ indicates
that antibicties of the fungicidin type may be rendered meffective 1n vivo  Fatty
acids and cystesne were found to reduce the actaty of nystatin®® (see Adden-
dum, page M8, for additional data on nystatin}

Candicidin 1 an anbhotie produced by Streptomyces gnscus No 3570
which whibits C sieoformans & concentration of 05 pg/ml {Lechevaher and
assotates?™)  The medin lethal dose (LD,,} for the white mause was re-
ported to be 47-79 mg /[Kg#e=¢ After C neoformans had been mngected m-
travenonsly, candverdin was not effectsve 1 prolongiag survival of the muce or 1n
alteting mortahty rate

Aseosin 15 an antfungal antibotic which inbebits € neofornians m 12
unsts/ml and is dersved from Streptomyces canescus > When admumstered to
mice mfected intrap fly with Histopl psul doses approachung
tovic levels were requmred to produce a therapeutie effect, leading to the con-
clusion that m its present form, ascosin was too toxic for use 1 humans ™

idionet (cycloh de} This g fungreidal has now

recerved an extensive trial i the treatment of cryptococeal menmgitis  Wals-
man, Schatz and Reifly** first reported Actidione in cultuce Bltrates of Strepto-
myces griscus, the well known streptomycin-praducing organtsm  The follow-
mg year Wiafen, Bohonos and Emerson® descnbed the marhed fungiesdal
propertres of Actidione fer C neoformans, for winch it was whintory i a da-
tation of 1 1,300,000 Subsequent studies confirmed ths mbubitory concentra-
ton at 025 pg/mt* The acute touaty of Achdione determmed w expers
mental ammals varied from 25 mg /Ky for rats to 150 mg /Kg for mice (see
Table XI1, page 140}

*E R Squibt & Sons, New Brunswick, N |

+ Upgohn Co, Xalamazas, Michigan
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Tapie XIT—LDy, VALUES OF ACTIDIONE IN ANIMAL SPECIES
(After Whiffen'sh)

Species Mode of Administration LD Dose
Mouse mtravenously 150 mg /Kg
Gumnea pig subcutaneously 60 mg /Kg
Rabhrt mtravenously 17 mg /Kg
Cat mtrapentoneally 4 mg /Kg.
Rat subcutaneously 27 mg /Kg.
Rat intravenously 25mg /Kg

Chemical studies of the compound have revealed 1t to be a di-ketone con-
taining one hydroxyl and only one ketonic group (Fig. 84) with the empirical
formula C,;H:NO, %222 Actidione 1s rapidly nactivated by dilute alkali at
room temperature,®®  Several assay methods for Actidione have been described.
A filter paper disc-agar plate diffusion technte, first described by Loo and asso-
cates®*! for streptomycin assay, was adapted by Whiffen**® for testing the activity

S
N

CH,

7z N\

CHOHCH r— 1

Y

O
Fic 84 —Actidione {cyclohemide), after Kornfeld and Jones™

of Actidione against Saccharomyces pastorianus ATCC® 2366  Another satis-
factory techme 1s the standard tube dilution method employmg hiquid culture
media

In attempting to standardize antifungal serum assay methods, Tarbet and
Sternberg!*® described a microbologic techmic for the esttmation of antifungal
substances 1 serum, utthzing Candida tropicals (Castellam) Berkhoutt as the
test organism  The method nvolves counting of yeast cells in hemocytometer
after exposure to a lhqud buffered asparagme dextrose medmm contammng
definite quanties of fungicides as compared with test serum m the same
medium By comparing the number of cells m both series of tubes, the anti-
fungal activity of the test serum may be calculated m terms of micrograms of drug
per umt volume of serum  Assays of gunea pig sera drawn 3 hours after m-
trapentoneal mjection of 16 mg/Kg of fungicides failed to demonstrate the
presence of Actidione, but showed the presence of other antimycotic agents m
apprectable amounts (see Table XIII) The tailure of Actidione to reach the
blood stream, however, does not necessarly mean that 1t 15 an meffective drug
Stilbamidine 1sethionate, also absent from gumea pig serum by the same testing
technic, has proved to be effective m the treatment of ammal and human North
American blastomycosis (see Diamidines, page 130)

» Amencan Type Culture Collection, Washington, D C
{ Mamtaned at the Dep of k Rutgers Unnersity, New Brunswick,

NI
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Tapre XU —BLOOD SURUM LUVELR GF TUNGICIDUS (N TN GUINGA
PI0 3 HOURS APTER INTIAFERITGNTAL INSFCTION OF 16 MG/RG DRUG
(ASter Tarbrl nnt Slernhery®

e
Compound S :’::zi;\-ﬂ LDy an Mouse
Aetrdione [ 150 g /Ky (ntraven )9
Prodigoan L] Nontoxe m anounts thevepratically effective for
X
€ emmilis infection®? W
Stilbamidne rothionate o 100 mg /Ky (orally*s
Tomocutin Q7T5  [20-30mp (KR (ntraver JHeme
Ascasin [ &G g /Bg (wtraper ¥
Fungedm (Nystatm) nm7 20-25 mg. /Ky Uniraper )9
Canheicdin 280 |47-70 mp /KR Untrsper YV
* Cowsed fatty metamnrphosrs of the lner and dege of the reral
{ubufne,

+Towe at thecefolt muntmal therapeatic dose for € albreans i phice 82
Sourres

. < hovimple)
. —watiatoaum)

. . Rronklyn,
. . larp, Terre

neaciseus  Ne 3570
- » gourser R Squibh and Fons, XYL
Gatipes
T e and Werdman® revea) that Actidione affords no pro-
b wteencer when the dosage was

LF g fgon - for one day, In view of
the Iugh degree of suscepibility ur e o, his antibiotic w Vitro and

the fact that Actidiane 15 not inachivated by whole biood, no explanation was
found by the authers for this therapeutic faslure  Frsher™” noted that Actidione
mbubited strams of & neoformans m concentrations of 1 1o B pg/mi, yet the

was meff 1 the of mouse snfect: Carton®® reported
Actidsone to inhabit 8 buman solates of € neofarmans with 804 to 60 pgrml.
Later expermnents s vive resealed no sigmficant dsfferences in average days of
suazvival between infected control and treated animals,™ alse that Actidione was
fongstatic rather than fungiesdal  Our own strams of C neoformans varied m
sasceptihility to Actidione from 81 10 02 pg/ml.

The first case ta be treated with Actihone was that of 2 28 year old white
woman with eryptocaceal meningiss, m coma, who recerved a total of 1400 g
of Acthidione without avail 1t After prefimmnary toaoty study mn a rhesus
markey, Actidione was given to the prhent mtramuscularly, mtravenously and
mtrathecally  When 50 mg of the drug bad been admimstered by various
Toutes m five days, spmal flmd cultwres beeame negative Although ten
subsequent spinal furd cultures remmned negative, eryplocoeer reappeared
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Taste XII —LDy VALULS OF ACTIDIONE IN ANIMAL SPECIES
(After Whffen*s?)

Species Mode of Admmustration LDy Dose
Mouse mtravenously 150 mg /Kg.
Gumen pig subcutaneously 60 mg /Kg
Rabbit intravenously 17 mg /Kg
Cat mtraperitoneally 1mg /Kg
Rat subeutaneously 27 mg /Eg
Rat intravenously 25 mg /Kg

Chemical studies of the compound have revealed 1t to be a diketone con-
taining one hydroxyl and only one ketonic group (Fig 84) with the empincal
formula C,,H.,NO, 122222 Actidione 1s rapidly inactivated by diute alkali at
room temperature ***  Several assay methods for Actidione have been described
A filter paper disc-agar plate diffusion technic, first described by Loo and asso-
ciates®*! for streptomycin assay, was adapted by Whiffen** for testing the activity

CH,
CHa— 0 [o]
< <
CHOHCH,— NH
N

Fic 84 ~Actidione (cyclohemde), after Kornfeld and Jones™

of Actiione agamst Saccharomyces pastorianus ATCC® 2366  Another satis-
factory technic 1s the standard tube dilution method employmg Iiquid culture
media

In attempting to standardize antifungal serum assay methods, Tarbet and
Sternberg’*® described a microbiologic technic for the estmation of antifungal
substances i serum, utthzing Candida tropicahs (Castellam) Berkhoutt as the
test orgamsm  The method involves counting of yeast cells in hemocytometer
after exposure to a lquid buffered asparagme dextrose medium contamning
definite quantiies of fungicides as compared with test serum n the same
medium By companng the number of cells in both series of tubes, the ant-

fungal activity of the test serum may be caleulated in terms of of drug
per umt volume of serum Assays of gumnea pig sera drawn 3 hours after -
trapenitoneal mjection of 16 mg/Kg of fungicides failed to d the

presence of Actdione, but showed the presence of other antimycotic agents 1n
appreciable amounts (see Table XIII) The failure of Actidione to reach the
blood stream, however, does not necessanly mean that it 1s an meffective drug
Stlbarmidine 1sethionate, also absent from gmnea pig serum by the same testing
technic, has proved to be effective n the treatment of animal and human North
American blastomycosis (see Diamidines, page 130)

the D biology, Rutgers Un ty, New Brunswick,

© Amercan Type Culture Collection, Waslington, D C
3 d at p

N.J
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intratheeally in doses of 45 to 10 mg daly, and mtraventricdarly w doses of
20 to 30 my. dady, Iy one case, the daily intrathecal adminstration of 20 mg
doses of Actschione for fourteen days was accompanied by signs of marked cere-
bral irntation: lethargy, mental depression, shirred speech and atada, which did
not resohe unti] three weeks after dhscontinuance of the drug 4
The poor chnical sesuits evpenenced with Actihone may be due to the rela-
tively small parenteral dases administered  The higlaest intravenous dose given
to a patient in a 2t-hour period was 16¢ mg, which carresponds to 25 ug/Kg
for a 70 Kg andimadual ¥t This 15 approumately onehalf the amount of Ac-
bithone lethat for a rat, enetlusteenth the amownt lethal for o rabbnt, and one-
one-hundred-tw entieth the amount Iethal for a white mouse {see Table XII).
‘Thete are indicabions that human beings can tolerate much larger doses wtra-
musewtarly, for evample, in Carton's Case 4, 2681 mg. of Actidione were gven
antramuscularly in one day without evidence of toumity. Intubrtary concentra.
tons of Actichone to human ssolates of € neoformans vary from 004 to 8
pgfml 3 I Actdione were completely and equally absorbed by all tissues,
it would require approvmately & 700 mithgram dose 20 achieve 1 tissue concen-
tration 6f 10 pg/ml. sn a 70 Kg ndivedual, assurmng that there was no eonjuga-
ton by the trver or grerction by the hidneys, hungs ar sk
In one fatal case of cryptoceccal memngitis seported from England,» the
patreat receved dusly 60 mg Actidione mtravenously and 20 mg mtrathecally
The patient's awn Scaz-filtered, spinal flmd fasled to minbit the stram of C neo-
Jormans isolated from hum, and 2 second stram, indicating the fadure of the
medication to reach fungiaidal level I Actidione exhibited the phamacologic
propesty sumular to that of pemoilin in not reacling apprecable Jevels i the
spinaf fud and centesl nervous system after ntramuscular or intravenous in-
imjection, s uscful ior the of cryp i Zitis swould be
serousfy cartaded  This pomt could be clanfied by expermments with larger
ammals, such as dogs or sheep, for detectson of spmal Hlusd levels following large
int and mt. ar amy of Actid
Fungichromin (see Addendum, page 147}
Myvcoticin (see Addendum, page 148)
Antfungal substances denved from higher plants: Seegal and Holden™
extracted a lactone known as from the 1 p, A
pulsantla, which 15 2 member of the plant famuly Ranumovlacese The com-
pound protoanemonn 35 vesieant in nature, causes sneezng and lierimation, and
has the formala 2,4-pentadiene.1 4-ohde 7 Mice tolerated eght successive -
trapertoneal doses of snemons of 50 mg/Kg withawt any foss in werght 2t
1 was noted to whitnt € neoformans *** The fungstatic effect of proto-
anemonin was seported to be 1 10,000 (100 gg/ml )} but protective action for
;mce mfected p ily with ecrypts could not be demoustrated ¢
F It ! to cure 2 cryp I bone Jesion®* and was subse-
guently admemstered by Carton™ to four patents with central nervous systemn
mvolvement  One patient recewved 4 to 10 mg m 10 w! sabne wtrathecally
twice a week for two months for a total dose of 100 mg Although temporary
mprovement ocgurred m two patients, the drug was defintely tove, as st
raused signs of root smtation and neurogeme bladder. Despite the actonty m
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in later specimens. The patient died ten weeks after admussion to the hospital
(five weeks after Actidione therapy had been started ) Autopsy revealed men-
ing phalitis of an lly granulomatous character (Figs 534, 60 and
Plate IE) The mtense host response to the fungus may have been related
to the destruction of cryptococci by Actidione; however, viable cryptococa were
cultured from several sites  Blood levels of Actidione were not demonstrable in
this patient, even though specimens were drawn from the opposite arm while
a continuous intravenous drip was running

Haspel and assocuates’®® reported a case of systemic and cerebral crypto-

coccosis with positive blood and spinal flmd cultures, who was treated intra-
muscularly with 40 mg. Actidione daily Actidione n concentration of 10
pg/ml. inhibited the organism  Although there was mitial chinical improvement
the condition of the patient deteriorated rapidly and death occurred on the
twentieth day of therapy (sixty days after hospital admission). Autopsy re-
vealed cryptococcal involvement of the bram, spinal cord, pericardium, kidneys,
adrenals and lungs

Levy®** treated a 58 year old woman with a eryptococcal leston of the lung.

The patient previously underwent operation for removal of a cryptococcal granu-
loma of the bellum and subsequently developed cryp al meningitis
She was treated with 30 mg Actidione imtramuscularly, 10 mg daily intra-
thecally and 20 to 30 mg daiy mntraventricularly Spimal fluid cultures were
negative twenty-four hours after therapy had been imtiated Although the
patient showed climcal improvement, death occurred suddenly from an unre-
lated pulmonary infarct. Autopsy revealed viable cryptococci beneath the
meninges

In all, a total of nmeteen patients with acute and chromc cryptocaccal
meningitts have been treated with Actidione by intrathecal, intravenous and
mtramuscular routes by fifteen different mvestigating groups 1:3338:65:224141,256,
170.185,106,238,234 393 413470 Floven of these patients died, no mprovement was
noted 1n two, some 1mprovement was noted 1n four, and remissions were reported
m two cases Wilson and Duryea’s'™ patient and one of Carton’s® (Case 5)
appear to have had the best results with Actidione, both becoming asymptomatic
However, a prolonged follow-up will be required to evaluate them properly
Patients who mmproved on Actidione may well have represented examples of
spontaneous remissions

In view of the synergistic action i vitro of polymywvin and Actidtone against
C neoformans,® this combmation of drugs was admmistered to one patient with
cryptococcal meningitis but without beneficial effects **  Furthermore, daily
intrathecal doses of hyaluromidase (Wydase) and streptodornase gwven mn 50
TRU and 100,000 umts, respectively, with both antibwotics, fatled to halt the
disease, spnal flud cultures continued to be positive and the patient died one
month after admission to hospital 2*

Actidione has been administered to humans by intramuscular, intravenous,
intrathecal and intraventncular routes It has not caused abnormal hematologic
changes  Toxic effects were occasional nausea and vamxnflg. Actiione has
been given intramuscularly in doses ranging from 10 mg. twice daily to 30 mg
four times daily, intravenously 1 doses up to 180 mg. twenty-four hours,
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teriostatic to a vanety of gram-postive and g gative bactena  Although
allicin inhibited C. neoformany at 1 100,000 (10 xg/ml.), experiments in vivo
demonstrated no protection to mice infocted by the intrapenitoneal route 72
LD,, of allicin was 60 mg /Kg. intravenously and 120 mg./Kg subentaneously.’**

d Vaceine therapy: The genera) mpression that € neefermans 15 poarly
antigenic has given way to the present knowledge that thinly encapsulated
strains are immunizing agents, and that relatively potent immune antiserum may
be prepared in rabluts™ (see Immunalogy, page 47). Immunologie studies of
C. neaformans have indicated the presence of speafic immunogenic polysac-
chavides which reside 1n the capsule of the cryy nabling log
classification of the organism mto Types A, B and CH21¢ Positive skin yeae-
bons in patients with cryptococcal menmmngitis may appear as swelling and
ersthema upon testing with borled aqueous extract of the organism, broth fitrate,
and saline or acid treated suspensions, ™5 st.et 2

When crude, autogenous, heat-llled vaccnes of C. neoformans were em-
ployed for therap pUIPoses in cryf the results were disappointing
Shapiro and Neal” used g vaccne it 1y for the therapy of
cerebral cryptacocensis and observed no beneficial effect  Other routes of ad-
muistration of vaccme were simlarly unsnceessful i delaying the mevitable
fata) outcome of the cerebral disease * 3 © sr v atamar perhaps some ex-
planation of these poor results may be found in the refately low fevels of
alpha, and gamma globnlins measured wn a patient with eryptococcal menmgiis
who was given typhoid vaceme intravenously to produce hyperthermia (see
page 51)  One patient with cryptococeal osteomy ehtis, treated with autogenous
vaceme, sulfadiazine, and sodides by Leopold®™ had almost complete bone re-
generation, however, and six years later showed no evidence of eryptococcosis.
Notwith g such evp punfied, potent cryptococeal antigens should
be studied for their usefulness m the therapy of cryptococeal menmgitss, lo-
calized il and m d of skhn hyp y

D T d played for hyy ive mdividuals 1 the
treatment of North American blastomycosis 15 not of value for eryptococcosis

e Ensymes: The enzymes streptohinase and streptodornase have been em-
ployed m the of tuberend gitis 1n an effort to remove fibnnous
blocks which prevent the free circulation of spinal fluid and thus permat strepto-
myein to diffuse more fully throughout the subarachnoid space and more quickly
reach the tubercle bacifli *%*43% Since the pathologic reaction i cryptocoecal
menmgitis 15 somewhat similar, there 15 also a rational basis for the use of en.
Zymes wmn this disease  Carton and Liebig™ studied two enzymes and reported
that streptol was not dc {n vitro to Actidione or polymyxmn B,
two antitnotics effective for C neoformans (see Antbiotie therapy)  The au-
thors lered that \; of ib: with streptok strepto-
domase or hyaluromdase were feasible in human therapy as far as activity and
toxicity were I i , was reported to destroy the
cryptacaceal capsule”” but this was not confirmed by Feoley and Uzman'® or
by us (see Immunology). Consequently, Littman and Nathanson® admups-
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vitro aganst C. neoformans, protoanemonin was considered by Carton to be too
toxic for intrathecal or systemc use.

Extracts of another plant of the Ranunculaceae fanuly, Coptis chincnsis
(Huang-Lien), inlubited C. neoformans in a dilution of 1 80% This species of
Ranunculaceae plant, long regarded by Chinese physicians as a panacea, grows
extensively in the Chinese mamland, and in addition to possessing an active
fungicidal substance, contains the alkaloids berberine, worenmn and coptisin ®

The Western red cedar, (Thuja plicata D Don), a tree highly resistant to
decay, was found by Southam®* to yield a hot-water extract which was mhibitory
for C. neoformans at 115 mg. per cent (1150 zg/ml) Extracts were relatvely
nontowe, since mice resisted mtraperitoneal doses of 43 Gm./Kg and rabbrts
intravenous doses of 3 Gm /Kg Reports of further studies on this agent have
not been encountered.

Tillandsia usneowdes (Spanish moss) collected from trees of Charleston,
South Carolna, yielded crude extracts i hibitory sut for
neoformans at 400 to 1600 units/m].+**

Irving, Fontaine and Doohttle!® discovered that the juice of tomato plants,
“Bonny Best,” “Rutgers,” “Marglobe,” “Pan America™ and “Red Currant” (Lyco-
persicon pumpinelliform) contained an antsbiotic which was strongly inhibitory
to three plant-wilt pathogens of the Fusarium genus  They named the substance
“lycoperstcin,” but later changed 1t to “tomatin.”*® This was found to be
markedly fungistatic and fungiadal m vitro to Candide albicans and three
dermatophyte species?® and was mhibitory for C. neoformans m concentration
of 1 unmit/ml** Khgman and Weidman,2*° however, found no fungstasis m
vitro with a sample of crude tomatn  Punfied crystalline tomatine was pre-
pared from crude tomatin by Fontame and assocrates (cited by Ma and Fon-
taine®®) The active substance, a glucosidal alkaloid, was called tomatine
to distingwsh 1t from crude tomatin referred to in earlier publications  Ma and
Fontame?* stated that the crystalline compound had low actvity agamst bacteria
but was active agamnst fung, and that actwity of the crude tomatin was hibited
by rutin, a normal constituent of crude tomatin extracts The reversing effect
of rutin was thought to account for differences in antibiotic properties of crude
tomatin and crystalline tomatine

A crystallme protem called purothionm, extracted from wheat flour by
Stuart and Harns,"® exhibited bactericidal and fungicidal activity. Saccharo-

myces cerevisiae was whibited at 1 200,000 (5 pg/ml ) Mimmal lethal dese
for mice was 15 mg /Kg mtrapentoneally 52

A qumone-like compound extracted from the root of the plant Plumbago
europa by Dulong d’Astafort® mn 1829, and 1dentified as 2-methyl-5-hydroxy-1,
4-naphthog 23 was d rated to be mhibitory to four species of
pathogemic funge in dilution of 1 50,000 (20 xg/ml ) **  Other naphthoquinenes
also effective m vitro were noted to be meffective for cryptococcal mfected

6,120
By extracting garlic cloves, Alhum sativum, Cavallito and Bailey®* 1solated

alrcin (GeH,,0S,), a colorless ol with the odor of garhic, which was bac-

mice

* Data secured through courtesy of U § State Department



Addendum

Ascospore production: In 1952, Wickerham and Burton®® reported that
some species of nonascospore-forming yeasts eusted predominantly as haplord
matimg types, and that 1 T were produced when sexually
active stramns of the opposite types were brought together under conditions fa-
vorable for sporulation  From these matng expeniments, correlated with fermen-
tation and assimulation tests, the authors proved that Candide guilltermondii and
Candida melibiosi were onc and the same species®”* and they concluded that
similar tavonomic and nomenclatural changes could be expected as the mating
types of other imperfect species were found Uuhzing this technic, Benham*’”

combined two strains of C. neoformans var. § and two nonh strains
of C. rcoformans and reported ascospore formation simmlar to that described
for the penus Liy She Inded that Cryp neoformans and

Lipomyees starkeys, s the latter a ubiquitous ipid-producing soil yeast, might
be one and the same orgamsm  However, neither spore stains, nor virulence
for mice, nor heat tolerance was reported for the latter organism, Our own
studies of three strams of Lipomyces starkeys® and one of Lipomyces lipoferus®
revealed that they grew abundantly at 20°C on Sabouraud dextrose agar and
Littman liver-spleen glucose blood agar, but unlike C neoformans they farled
to develop at 37°C  Furthermore, none of the three strawms of L starkeyi
stucdied were pathogeme for white Swiss mice on intracerebral inoculation (see
page 112} It s doubtful, therefore, that C neoformans and L starkei are one
and the same orgamsm, although some ecologic relationship may exist, Further
stuches on the mode of spore formation by bath species as well as fermentation
and assirmilation tests are warranted

Antifungal substances derived fram actinomycetes: These substances have
been found to exmbit a stnkmg smulanty to each ather with respect to ant:
fungal activity and elemental analysis and ta possess a conjugated polyenc
chromophore group.#?«* ¢ On the basis of differences in light absorption
spactra, they have been subdivided mto tetra-, penta-, hexe- and heptaenes.®
Nystatin and din are ples of dreadi dhdin and
ascosin represent heptaenes  Two additional polyenes, fungichromin and fungi-
chromatin, have been descnbed by Tytell and associates 148

Fungichromin,} denved from the . Strep sl
is a pale yellow, crystalline compound contammg no mitrogen, 1t 1s insoluble in
water but soluble i orgamc solvents In concentrated suMfunc acid, fungn
chromin produces a typical polyene reaction, yielding at first a violet color, which

* Obtawned through the courtesy of Professor R L Starkey, Rut
B gl ey, Rutgers University, New

+ Sharpe & Dohme, Inc , West Pows, Pa
vy
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tered daily mtrathecal doses of 50 T.R.U. hyaluronidase { Wydase®) and 100,000
units streptodornase with Actidione and polymyxn to a patient with cryptococeal
menmgitis  This treatment failed to reduce the number of viable cryptococci
in the spinal fluid, to lessen the spmal flud obstruction, or to influence the fatal
outcome of the disease.

f Effect of hormones (see Addendum, page 150)

g Symptomatic treatment: Although speaific medical therapy for crypto-
coceosis 15 not yet established, symptomatic treatment of the patient with crypto-
coecal meningitis should not be overlooked.  The ambulatory patient with chronic
meningitis and headaches not relieved by ordinary analgesics may require occa-
sional [umbar puncture and withdrawal of spmal fluid,  The patient should be
cautioned against chronie constipation which may contribute to his symptoms
The patient hospitahzed with severe headache, abnormal neurologic manifesta-
tions, and perhaps in semi-coma, is greatly relieved and often restored to con-
scrousness for several hours or days by spinal puncture and withdrawal of fluid
This procedure may be continued as long as tolerated  In one case, 100 lumbar
punctures were performed safely over a period of seven months**®  In addition
to providing temporary relief of pam, one may hope that the patient will be
orte of the fortunate few in whom a long period of remusion 15 obtammed A
number of cases are on record 1 which patents survived for considerable
penods of time though they recetved httle therapy other than lumbar punc-
ture 3¢*%*  Remarkable elevations of intracransal pressure (700 mm water) oc-
cur n some patients At times, papilledema 1s so severe that vision 15 threat-
ened  If dadly spinal puncture fails to control these mamfestations, subtemporal
decompression may be required When repeated spmal puncture becomes
difficult to perform or painful to the patent, resort may be made to cisternal
puncture

The ordinary opiates such as Demerol, morphine or Dilaudid usually offer
the patient some relief Late m the course of the disease the patient may have
difficulty swallowing, and tube feeding with high caloric diet may be necessary
Although bowel and bladder disturbances are rare because of the mfrequency
of cord lesions, catheterization 1s usually necessary n the later stages of the
disease

3 SUMMARY OF TREATMENT

In the absence of systemic or cerebral disease, the treatment of localized
cryptococcosis is surgical  When the disease 15 generalized ind affects the cen-
tral nervous system, medical therapy with Actidione (cyclohexumde) or 2-hy-
droxystlbamidime appears to be the most reasonable at the present time  Hy-
perthemia, admmistration of iodides, sulfonamides or immune serum, and
vaccine therapy all appear to be without sesult  Some hope 1 held that the
newer fungiaides or diamidine denvatives may prove more efficacious.

* Wyeth, Inc, Philadelphia, P2
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tablets and topical preparations appear to be well tolerated, with only mmor
side effects.
N

an drmini d nystabn {Mycostatin) orally,
intramuscularly and intravenausly to fourteen patients with disseminated coccid-
1idomycosss. Of ten patients who recewed oral treatment, only one was
chnically improved by six manths of treatment with doses as igh as 12 grams
daily, During treatment, blood levels of nystatin varied from O to 6 pg/ml
Intramuscular injection of 200,000 units twice datly to two patients caused
fever, chills, malatse, and pam and tenderness at the inj sites, i
discontimuance of therapy. Blood Jevels in these cases vaned from 0 to 3
pg/ml. In one patient with miliary pulmonary cocadimdomyeosis and sub-
t i d of 200,000 umts nystatin hydro-
chloride mitially caused fever, chills and generabized malaise, attnbuted to 2
Hershermer-tike reaction, which later subsided, Alhough chinicol improvement
did oecur in this patient, treatment was discontinued because of the sclerosing
effect of the preparation, even on the deep veins

Miscellaneous compounds: Henzetn and Feldman®* reported successful
treatment with Daraprim®* in the case of a 26 year old white male veteran who
suffered fever, chills and might sweats and had generalized eryptococcosis and
pulmonary twberewloss, C necformans was demonstrated in the skin en
numerous occasions, and was recovered from the blood stream but net from the
spinal fluid  The control of both discases was credited to treatment with strep-
tomycin, ssomand, Darapnm and sulfadiazine, Daraprim, an antimalavial no-
detc acid antagomst, with the formula 24-d 5-p-chlarophenyl-6-ethyl
pynrudine, was admmstered daly with sulfadiazime m doses of 50 mg, thea
decreased to 25 mg  After five months of therapy a shin biopsy stll revealed
eryptococa, but two months later all shin fesions had bealed and the patient
was discharged shortly thereafter A follow-up thirteen months later revealed
him to be n good health, Despte this favorable seport, our own experiments
in vitro with alcoholic solutions of Darapnim i 2, 5 and 10 pg/mi, concentrations
of the drug m Sabouraud devtrose brath faited to show an mhibitory effect upan
the growth of two strams of C neoformany wsolated from cases of ¢ryptocoecal
meningitis  Unfess Daraprim s selectively concentrated in infected thissues, a
70 Ky mdwidual who receives one 25 mg tablet daily would have a tissue fevel
of anly 035 ug/mk, much too low to provide any beneficral effect in cryptococeal
wfections {see “Id~-* ~=---= L T - "

In a study of
ciates™ confirmec Lo
found to synthesize the pvrimdine past of the thiamne molecule {2-methy1-5.
ethoxymethyl-G.amino-pynmudine) but not the thazole part {4-methy) 5-thia-

zoleethanal), and to combme readily these two moieties to form thiamine
Ao ot LR - .

e Lhowing compounds
* Trademmark, brand pynmethamune, Burronghs Wellcome
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then turns to blue. The compound inhibited the growth of Blastomyces derma-
titidis and Candida albicans in concentrations, respectively, of 0.78 pg/ml. and
6.25 pg/ml. ‘Toxicity for mice was reported to be 16.4 mg./Kg. ntrapentoneally,
and over 1000 mg./Kg orally. Fungichromatin, simlar to fungichromin m
chemical and antimicrobial properties, was also recovered from an actinomy-
cete.#*®

Mycoticin, isolated by Burke and iates*™ from Strep ruber, is
a yellow, crystalline, antfungal antibiotic that fluoresces and also deteriorates
under the influence of ultra-violet ght. This antibiotic whibits the growth
of C. ncoformans at 6 to 8 pg/ml,, and Coccidioides immitis, Bl yees derma-
titids, and Sporotrichum schenckii at 1 to 4 pg/ml. Mycoticin has a characteris-
tic ultra-violet spectrum, contains no nitrogen, sulfur or halogens, and is soluble
m lower alcohols and glycols. Although it loses its activity at room tempera-
ture, it can be preserved in vacuo in the dark for prolonged periods of time with-
out loss of potency. The toxicity of the compound 1s sigmficant, for the LDs
for mice is 10-20 mg /Kg. on intraperitoneal jection Subcutaneous admin-
istration results 1n tissue necrosis and sloughing, Its parenteral use in humans,
therefore, would be prolibited unless nontoxic derivatives were developed

Nystatin® (Mycostatim®), an antifungal antibiotic without antibacterial ac-
tivity, is a pale yellow microcrystalline powder which has a potency of 2500 to
3000 units per milligram agamst Candida albicans, It is an amphotenc sub-
stance with the formula C,;HsNO,, insoluble in water but soluble in propylene
glycol and methanol, and contaming no halogen, sulfur, methoxyl, phenolic or
acetyl groups, It 15 optically active and possesses an ultra-violet absorption
spectrum characteristic of a conjugated tetraene. Nystatin is quite unstable
in solution and is rapidly mactivated by hydragen and hydroxyl ions, heat, ight
and oxygen, however, dry solds stored m sealed contaners under refrigeration
maintain their activity for longer than six months. Blood reduces 1ts achwity
A water solution of nystatin loses 37 5 per cent of 1ts potency when held for six
hours, while plasma nystatin solutions lose 50 per cent However, tablets of
the compound are reported to mamtain full potency when kept dry at 40°C
Assay m vitro consists of a disc-agar diffusion procedure agamst a stram of
C albicans, lower values beng obtamed by broth assay A satisfactory chem-
1cal method of assay has not yet been developed A biologic method similar
to that of Tarbet and Sternberg** has been employed for the detcrmination of
blood levels (see page 140)

Efforts to treat cryptococcosis with nystatin by the parenteral route have
been unsuccessful (see page 139)  In addition, results with nystatin have been
disappomting m seven other cases of cryp 1 ingitis ~ Several different
i gators noted no mmp m two patients who recerved nystatin orally
and 5 patients who were treated intramuscularly ®  Sigmficant levels of nystatin
apparently do not appear in the spinal lmd  The parenteral mxmty of nystatin
1s considerable, judgng from the manufacturer’s statement that “severe local
reactions are often observed following the mtramuscular mjection of Mycostatin
and its general use s not advised except 1n desperate cases~  Nevertheless, oral

+ Data drawn from bulletn “Mycostatin, August, 1955, with the permission of E R

Squibb & Sons, Inc.
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given an extensive tnal at the Armed Forces Institate of Pathology  In addition
to yielding the most photogenie preparations for black-and-white phatography,
1t was unsurpassed for easy detection of small numbers of fungi and in certam
cases 1t was the only effective fungus stain for demonstrating Mucor.
Immunology The preparation from C. ncoformans of a complement-fixing
antigen for diagnostic use was described by Fischer and Labzoffsky = Cryp-
tococeal cells, cultvated for 7 days at 37°C on Sabouraud agar and harvested
with buffered saline, were treated with pyridine for two hours at room tempera-
ture, washed three times with buffered isotonic saline, resuspended and exposed
to ultrasome v\bmhon for 10 minutes.  Although crude, the antigen was heat

stable, not anti ary, and app 1 to be both sensitve and speaific.
When combined with antigens of three strains of C. ncoformans beaning capsules
of differing thick immune anticryp 1 rabbit serum titrated to 1:128

Cross reactions did not occur with immune Histoplasma or Blastomyces sera.
Evaluation of this new antigen for diagnostic purposes in human disease was not
accomplished because of the unavadlability of sera from clinical cases (see
Serology in Duagnoss, page 48)

Involvement of other organs: Another instance of cardiovascular cryptococ-
cosis has been recorded m the case of a patient with rheumatic heart disease ad-
mitted for cardiac surgery to the Chnical Center of the National Institutes of
Health. On physncnl examination the patient was found to be febnle and to
have petech stic of sub it Culture of
blood, urine, and spinal flud repeatedly yielded C neoformans. At autopsy a
large vegetation contaming eryptococci was found on the postenior leaflet of the
mutral valve and scvenl small vegetations were present on the cusps of the aortic
valve. M ination revealed widesp ion of the
fungus® (see pagc 35)

Source of infection and portal of entry: The suspicion that the alimentary
tract could sexrve as a portal of entry of C neoformans (see pages 6 and 39) was
confirmed expenimentally by Takos* who produced systemic and cerebral
cryptococcosis 1n 2 of 3 marmoset monkeys by feeding 50 to 150 million cells of
a culture 1solated from a fatal human case.  All 3 monkeys became 11l within 24
hours after ingesting cryptococet, and one died within four days with paralytic
ileus mvolving the entire small bowel Histologic exarmnation of the intestme
failed to reveal evid of mvasion or nfl This ph would
suggest the p of a eryp 1 (see page 48 for endotoc sub-
stance from C neoformans) The remamng 2 monkeys died within 19 and 32
days with focalized lesions of the brain, mesenteric lymph nodes and myocardium
Cultures from the meninges, bratn, spmal cord, large and small intestine, hver,
and spleen were positie for the organism  The study mdicates that C. neofor-
mans can survive exposure to gastnc juice of the marmoset and retam undimm-
1hed virulence, even after several weeks residence in the monkey's intestinal
tract  Expenmental demonstration of the dxgestwe tract as a portal of entry of
C neoformans may assume derabl m view of the
fact that virulent strams of the orgamsm have been 1solated from frut,*s* 3% raw

milk2e.313 324 386 50,1105 107 gnd pigeon excreta 10 1o
* Personal communication from Dis T A Lombardo, A S Rabson, and H T Dodge
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Inhibating Inhibiting

concentration concentration
methyl-5-mtro-2-furcate 5 wg/ml  pseudamethyl acetylacrylate 25 pg/ml
dithiocyanoacetanihde 5 ag/ml  8-hydroxyquinolne 5 pg/ml
hexachlorophene 5 ug/ml  dumethyl dichlorosucemate 5 pg/ml
Synkamun (Vitamm K denvatne) 5 ug/ml  cetyl dimethyl ethyl ammontum
biacetvl 25 pg/ml brormide 5 pg/ml
eschnidine 25 ug/ml  cetyl tnmethyl ammomum bromde 5 xg/mi

The fitst seven compounds listed above, with LDy, values rangng from 18 to
1320 mg./Kg., failed to influence the fatal course of mice mfected intracerebrally
with C neoformans.

Chloroquinaldol®,® used with success for several years as an ntestinal anti-
septic in Europe and South America under the name “Sjosteran,” has been found
by Littman**" to exert a pronounced mhibitory effect in vitro on C neoformans
and other systemic pathogenic fungi The growth of three stramns of C. neo-
formans 1solated from cases of cryptococcal meningitis was hibited by 4 to
10 pg/ml of the compound m Sabouraud dextrose broth, in both the presence
and absence of 10 per cent horse serum  Chlorquinaldol, a crystalli Tlowish
powder with the formula 5,7-drchloro-8-hydroxyqumaldine, apparently 1s well
tolerated orally and s of low toxicity %

Anmmal Rat Mouse Guinea pig Dog

LDs 3100 mg /Kg 500 mg /Kg 50 mg /Kg over 1000 mg /Kg
Blood levels and animal protection tests are not yet reported, The effectrveness
m vitro for C neoformans of Chlorquinaldol and related compounds such as
8-hydroxyquinoline*** ments further study of these and other substituted quino-
lines as therapeutic agents for cryptococcosts and other mycote diseases

Effect of h Mankowski#™® admi d diol Jarly to
cryptococcal-mfected white mice and noted that, in contrast to a control group,
1t shortened their Ife span. The mechanism of the action was unknown, al-
though 1t was noted that neutrophil counts were consistently lowered by ad-
mmistration of the hormone  Komgsbauer** noted that cortisone m large doses
(40 mg /Kg ) mjected subcut: Iy mnto cryp 1-inf 1 white rats ac-
celerated the spread and intensity of the infection Cortisone, when adminis-
tered to Hormodendrum-infected rats, depressed the proliferation of connectne
tissue and reduced the bers of leukocytes and lymphocytes within the -
flamed granulation tissue There 1s growing suspicion that administration of
cortisone to patients with cryptococcosis accelerates the disease 3231

Histopathologic diagnosis: Although some current literature suggests that
improved stuning techmes for mfectious agents m tissue could replace culture
methods, the expenence of Starr and associates*® at the Mayo Clmic indicates
that stumng methods must stll remam suppl y to cultural pr
Grocott** applied Gomorr's methenamme-silver mitrate techme for demonstra-
tion of glycogen and mucin to the study of fungr. He found the method to yield
highly photogentc plack-and-white preparations m which fungal elements were
sharply delineated aganst an unstamed background The Gomort stan was

* Trademark, Compound VR-764, Gesgy Pharmaceuticals, New York
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given an extensive tnal at the Armed Forees Institute of Pathology  In addition
to yielding the most photagenic preparations for black-and-white photography,
1t was unsurpassed for easy detection of small numbers of fungy and in certan
cases it was the only effective fungus stain for demonstrating Mucor,

Immunology: The preparation from C. neoformans of a complement-fiung
antigen for diagnostic use was descnbed by Fischer and Labzoffsky***  Cryp-
tococeal cells, cultivated for 7 days at 37°C on Sabouraud agar and harvested
with buffered saline, were treated with pyridine for two hours at room tempera-
ture, washed three times sath buffered isotonic saline, resuspended and exposed
to ultrasonic vibration for 10 minutes  Although erude, the antigen was heat

stable, not l ary, and app d to be both sensitive and specific.
When mmhmed with antigens of three strains of C. neoformans beaning capsules
of differing thick immune anticryp al rablit serum titrated to 1:128

Cross reactions did not occur with immune Histoplasma or Blastomyces sera.
Evaluation of this new antigen for diagnostic purposes in human disease was not
accomplished because of the unavallabilty of sera from clinical cases (see
Serology in Diagnosis, page 48)

Inroliement of other organs: Another instance of cardiovascular cryptococ-
coss has been recorded in the case of a patient wath rheumatic heart disease ad-
mitted for cardiac surgery to the Clinical Center of the National Institutes of
Health On ph)slcal e\.mun'mon the patient was found to be febnle and to
have petechias of sul bacterial endocarditis. Culture of
blood, urine, and spinal Hmd repeatedly yielded C. neoformans At autopsy a
large vegetation contamning cryptococei was found on the posterior leaflet of the
mitral valve and several small vegetations were present on the cusps of the aortic
vabe Microscopic examination revealed widespread dissemination of the
fungus® (see page 35)

Source of infection and portal of entry: The suspicion that the ahmentary
tract could serve as a portal of entry of C. neoformans (see pages 6 and 39) was
confirmed expenmentally by Takos ™ who produced systemic and cerebral
eryp ism 2 of 3 keys by feeding 50 to 150 milhon cells of
a culture 1solated from a fatal human case  All 3 monkeys became 1l within 24
hours after ingesting cryptococes, and one died withm four days with paralytie
tleus involving the entire small bowel Histologic cmminauan of the intestine
falled to reveal evidence of imasion or infl i Thas | would
suggest the y of a cryp 1 in (see page 48 for endotowc sub-
stance from C ncoformans) The remamng 2 monkeys died within 19 and 32
days with focalized lesions of the brain, mesenteric lymph nodes and myocardium.
Cultures from the meninges, bram, spmal cord, large and small intestine, liver,
and spleen were posiive for the organism  The study indicates that C neofor-
mans can survive exposure to gastric juice of the marmoset and retan undimin-
1shed virulence, even al'tcr several weeks resldence i the monkey’s intestinal
tract  Exp 1 i of the tract as a portal of entry of
C neoformans may assume d )| m view of the
fact that virulent strains of the organism }\.\\e been 1solated from fruit 39 raw,
mll#.343 324 368 505103 197 andl pigeon excreta, 0o 1o

* Personal communication from Drs T A Lombardo, A S Rabson, and H T Dodge
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Inhibating Inhibiting

concentration concentration
methyl-5-itro-2-furoate 5 ug/ml  pseudomethyl acetylacrylate 25 ag/ml
dithiocyanoacetamlide 5 ng/ml  8-hydroxyquinoline 5 ug/ml
hevachlorophene 5 ug/ml  dimethyl dichlorosucemate 5 pg/ml
Syrkamm (Vitamin K demvatise) 5 ug/ml  cetyl dimethyl ethyl ammonmum
buacetyl 25 yg/ml hromude 5 ug/ml
eschndine 25 pg/ml  cetyl tnmethyl ammonum bronude 5 ug/ml

The fiist seven compounds listed above, with LD;, values ranging from 18 to
1320 mg./Kg., failed to influence the fatal course of mice infected intracerebrally
with C neoformans

Chloroquinaldol®,® used with success for several years as an intestinal antr-
septic in Europe and South Amenica under the name “Siosteran,” has been found
by Littman**’ to exert a pronounced inhibitory effect in vitro on C. neoformans
and other systerme pathogenic fungi The gm\vth of three stramns of C. nco-
formans isolated from cases of cryp itis was inhibited by 4 to
10 pg/ml. of the compound mn Sabouraud dextrose bmth, in both the presence
and absence of 10 per cent horse serum. Chlorquinaldol, a crystalline yellowish
powder with the formula 5,7-dichloro-8-hydroxyquinaldine, apparently is well
tolerated orally and 1s of low toxicity.*

Anymal. Rat Mouse Guinea pig Dog
LDs 3100 mg /Kg 500 mg /Kg 50 mg /Kg over 1000 mg /Kg
Blood levels and animal protection tests are not yet reported The effectiveness
in vitro for C. neoformans of Chlorquinaldol and related compounds such as
8-hydroxyquinoline*** ments further study of these and other substituted quino-
lines as therapeutic agents for cryp and other mycotic diseases

Effect of hormones: Mankowski*** ed estradiof int farly to

cryptococeal-mfected white mice and noted that, i contrast to a control group,
it shortened therr Ife span  The mechamsm of the action was unknown, al-
though it was noted that neutroplnl counts were consistently lowered by ad-
mimstration of the hormone  Komgsbauer*®s noted that cortisone i large doses
(40 mg /Kg ) injected sul ly into cryp linfected white rats ac-
celerated the spread and intensity of the infection Cortisone, when adminis-
tered to Hormodendrum-infected rats, depressed the proliferation of connective
tissue and reduced the numbers of leu'kocytcs and lymphocytes withmn lhe n-
flamed granulation tissue  There 1s g that ad of
cortisone to patients with cryptococcosis nccelcmtes the disease 72 2

Torrin.

Histopathologic diagnosis: Although some current Iiterature suggests that
improved staining techmes for mfectious agents in tissue could replace culture
methods, the experience of Starr and associates** at the Mayo Chnic mdicates
that staining methods must still remam supplementary to cultural procedures.
Grocott**! npphed Gomorn’s methenamine-silver mtrate techme for demonstra-
tion of gl)cogen :md mucm to the study of fungi  He found the method to yield
highly p d [¢ 1ons in which fungal elements were
sharply delmcd(ed agamst an unst.lmcd background The Gomori stan was
* Trademark, Compound VR-764, Gaigy Pharmaceuticals, New York.




CULTURE, MEDIA

4 LITTMAN  OAGALL  AGAR™™™
{Diro Laboratores)

Teptone (Dileo) 10 Gm
Desxtrose 10 Gm
Oxgall, dehydrated (Difea) 15 Gm
Apwr 20 Gm
Cry stal violet 001 Gm
Distifled water 1000 1wl

pll 70
5, LITTMAN MEDIUM™*'* (Baltmore

Biological Laboratory, Inc, Baltmore,
Md)

Oxgall 15 Gm
Criysate ,,.d pols peptone (BBL) m Gm
Destros

Agnr IG (‘m

Crystal violet 001 Gm
Distilled water 1000 m!
pH 70

153

Directions for formulas 4 and 5

a Dusobe peptone, dextrose” and
oxgall 1n distilled water.

Adpust pil 10 70

Add crystal violet, agar, and melt
It dehydrated commercial media are
employed, suspend and dissohe the
recommended quantitics i distilled
water,

Autoclave 15 Tbs (121°C) for 15
minutes  For Littman Medium, use
12 tbs (118°C) for 15 mmutes,
Cool the stertle medium to 43-50°C
Aseptically add, to each Dter of me-
dum, 30,000-50,000 ag streptomy -
tin contamed in 10 mb stenle dis-
tilled water

Duspense 25-30 ml amounts
stenle petri dishes and allow 6-8
brs at room temperature bhefore
1noculation (see page 102)

Plates are incubated at 20° to 25°C,
Do not mcubate at 37°C

g

a

o

a

@

"8 BRAIN-HEART INFUSION BLOOD
AGAR™

Calf braw, infusion from 200 m!
Beef heart, infusion from 250 mt
Peptone (gelysate, BBL, ar pro.

teose-peptone, Difco) 10 Gm
Dextrose 2Gm
NaCi 5Gm
NaHrO, 25Cm
Agar 20 Gm
Distilled water 1000 mi
pH T4

a Tnfuse Lramn and heart separately as

follaws

1 Remove fat from tissues, gnnd
2 Infuse ground heart overmght m
water at 4-8°C

Heat to 43-50°C for one hour
Boi for %z hour, cool without
stirtmg to 10-15°C, remove fat as

A

sohd coagulum
5 Filter through gliss wool

b Combne infusions, make up to 1000
ml with distilled water and add pep-
tone, dextrose and salts
Adust to pH 74, add agar and melt
1f dehydrated commercial medum 15
employed, suspend and dissohe the
recommended quantity i distlled
water
Autoclare at 15 Ibs (121°C) for 15
nutes
Cool the sterile medum to 45-50°C
Aseptically add, to each hter of me-
dium, 20,000 wnats perseilhn and 50,-
000 units streptomycin contamed 1n
10 ml stenle distilled water and add
10 per cent whole ammal or human
bank blood
f Dispense i stenle petnt dishes and
tubes (see page 102}

a

a

n

7 LITIMAN LIVERSPLEEN GLUCOSE
BLOOD AGAR™

Beef upleen, mfusion from 500 m1
Beef Liver, mfusion from 500 ml
Thiotone (BBI,) 10 Gm
Dextrose 10 Gm
Agar 20 Gm
o 17

®

Infuse beef spleen and besf Dver
separately as follows

Remove fat from lver, stnp cap-
sule from spleen, grnd separately
Tnfuse 1000 grams ground sub-
stance with 2000 ml distilled water
at 50°C for one hour with occa-
sional agitation

o

{cont'd, next page)
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1 SABOURAUD DEXTROSE  AGAR
{Modified trom Sabouraud™)
Neopeptone {Difco) or poly peptone
(BBL) 10 Gm
Dextrose 40 G
Agar 20 Gm
Distilled water 1000 ml
piH 7.0

a, Dissohve ingredients m distilled water
and melt agar with heat

b Auteclave at 12 lbs (118°C) for 10
minutes

¢ Cool the sterle medm to 45-50°C
Aseptically add 20,000 untts pemicillm
and 50,000 umts streptomycm con-
tained m 10 ml stenile dishlled water
to each hter of medmm

d. Dispense m stenle petr: dishes or tubes
and slant

e For 1solation of C. neoformans do not
use Sabouraud destrose agar that con-
tans Actidione sice the orgamsm is
sensitive to this antibiotie  Thiamine,
i concentration of § mg per lter, 15
of value m this medium for stimulation
of growth of dermatophytes, especially
the faviform Trichophytons

f. Incorporation of pemaillin and strepto-
myem ehminates the need for acidity
(pH 56} as a bacterial mhiutar,
Pathogenic fung grow well at neutral
or shightly alkalne reaction

g The medum may be used without
contatned antibiotics (see page 101),
for isolation of Nocardia and other
antibiotic-sensitive  species and for
maimtenance of stock cultures

2 MYCOLOGICAL AGAR (Difco Labora-

toties
8oytone (Difco) 10 Gm
Dextrose 10 Gm
Agar 15 Gm
Dustalled water 1000 ml
pH To

3 MYCOPHIL AGAR (Baltmore Brologi-
cal Labaratory, Inc

Phytone (BBL) 10 Gm
Dextrose 10 Gm
Agar 16 Gm
Dastrlled water 1000 m]
pH 70

Durections for formulas 2 and 3

a Dissohe ingredients w distilled
water, add agar and melt with heat
I the dehydrated commercial media
are employed, suspend and dissolve
the recommended quantity m dis-
olled water

Autoclave at 15 Ibs (121°C) for 15
sunntes, for Mycophil agar use 12
Ibs (118°C) for 15 mnutes

Cool the stenle medium to 45-50°C
Aseptically add 20,000 umts pent-
ailln and 50,000 umts strepeomycin
contamed m 10 mi stenle distalled
water to each liter of medium

Pour into sterile petri dishes or
tubes

Both culture media may be used
without antibiotics for stock cultures
(see page 101) and for demonstra-
twon of chromogenesis

o

°

e

o

S
NOTE Culture media for diagnostic medical mycology may be obtamed m the de-

hydrated form from

1 Difco Laboratones, Detroit, Michigan (Formulus 1, 2, 4, 6, 8, 16, 12)
2 Baltumore Biological Laboratory, Inc (BBL), Baltmore, Maryland (Formulis 1, 3,

5, 6)- 5
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9, CARBON  ASSIMILATION  ACAR
(AUXANOGRAPITIC) FOR YEASTS™
(NH,):80, 5Gm
KH,PO, 1Gm
MgSO04 TH,0 05 Gm
Washed agar 20 Gm
Distilled water 1000 ml

a Prepare washed agar by soaking 20
grams minced agar in 1000 ml dis-
tilled water for 8 days at room tem-
perature, followed by several rinses n
fresh distilled water

b

B

155

Dissolve mgredients in distilled water
and melt agar with heat

Autochive at 110°C for 15 minutes
Cool the sterle medm to 43-50°C,
sced with a viable suspension of the
yeast under test and dispense 1n stenile
petr dishes  Allow the surface of the
agar to dry before planting carbohy.
drate test compounds In the event
of uncertain results (see page 105), one
drop of yeast extract or B vitamun solu-
tion may be added to each petn plate
of mediam

10. CARBON  ASSIMILATION BROTH
(YEAST NITROGEN BASE)™ (Difco
Laboratores)

Nitrogen sources

Ammonwm Sulfate 5Gm
Asparagime None
Carbon source
Dextrose None
Amno acids
I-Histidine Monohydrochloride 10 mg
di-Methonine 20 mg
dI-Tryptophane 20 mg
Vitamuns
Brotm 2 g
Caleum Pantothenate 400 pg
Fole Aad 2 pg
Inositol 2000 g
Niacin 400 ug
p-Aminohenzoic Aaid 200 pg
Pyndoxine Hydrochlonde 400 pg
Riboflavin 200 pg
Thiam:ae Hydrochloride 400 ug
Compounds supplying trace elements
Borie Aexd 500 ug
Copper Sulfate 40 g
Potassum Todude 100 4
Ferric Chloride 200 ug
Manganese Sulfate 400 g
Sodm Malybdate 200 ug
Zine Sulfate 400 ug
Salts
Potassium Phosphate Monobasie 1 Gm
Magnesium Sulfate 05 Gm
Sodmm Chlonde 01Gm
Calemm Chlonde 01Gm
Distilled water 1000 mt
pH 45

®

-

an

L3

o«

-

Dissolve above mgredients m 100 ml
distilled  water to produce 10X
strength, adjust to pH 45 Stenlze
by Sestz or Berkefeld filtration
Dissolve 05 gram dextrose or other
test carbobydrate m 80 ml distilled
water  Stenlize by Seitz or Berkefeld
fltration

Store solutions m refngerator

The final hqud mediom 15 prepared
by pipettng aseptically 05 ml of
stenle basal medum mto 45 ml
stenle carbohydrate solution and mix-

mg
Inccutum 15 prepared by growing the
yeast culture on yeast and malt extract
agar shnts  This medmm contams 3
Gm powdered yeast extract, 3 Gm
malt estract, 5 Gm of peptone, 10
Gm of dextrose and 20 Gm of agar
1 one bter of distilled water, pH les
between 50-6 0, depending upon the
batch of mgredients used In order
to adapt the yeast cells to grow m a
synthetic medum and to reduce the
carbohydrate reserve i the cells, cul-
tures are grown 1 carbon assimilation
broth with 0 1% dextrose, then with no
dextrose at all The moculum con-
sists of one drop of yeast suspension
this last synthetc medum The
wmoculum should not produce turbidity
m the carbon assmilaion broth

For rapid and latent results evamme
tubes after 7 and 24 days at 25°C,
First shaling to re-suspend growth
Read test by placing the tube agamst
a white card beanng India mk lines
approumately 3; mm  thick

The test 15 posiave if sufficient
turidity appears to miake the lines
appear as diffuse broad bands or to
obhterate them (see page 106).



7. LITTMAN LIVERSPLEEN GLUCOSE

BLOOD AGAR (con'd)

3 Heat at 80°C for 5 mmutes

4 Filter hot through three layers con-
sisting of a towel, four thicknesses
filter  paper and most gauze-
wrapped cotton, wrung dry.

5 Cool to 10-15°C to harden fat, re-
move, refilter through fler paper

6 Add 10 grams thiotone to each
Iiter of infuston, adpust to pH 7.7

with NaOH

7. Autoclive at 15 Ibs, (121°C) for

15 munutes

8 Cool, allow suspended particles to
settle, reflter. This may be re-

CRYPTOCOCCOSIS

autoclaved and stored for future
use,

b Combine nfusions, add dextrose, re-
adpust to pli 7.7,

Add agar, melt and autoclave at 10
1bs, (116°C) for 10 mnutes

Cool stenle medmm to 45-50°C
Asepuically add, to cach lter of
medium, 20,000 umts pemallin and
50,000 units streptomycin contaned
w 10 ml stenle distilled water and
add 10 per cent stenle human bank
blood.

Dispense in stenle petn dishes and
tubes (see page 103).

2

[

)

8 YEAST MOKPHOLOGY AGAR™ {Difco

Laboratories }

Nilrogen sources

Ammonum Sulfate 35Gm
Asparagine 15Cm
Carbon source
Dextrose 106 Gm
Amino acids
-Histidine Monohydrochloride 10 mg
di-Mcthonine 20 mg
dl-Tryptophane 20mg
Vilamins
Biotin 2pg
Calemm Pantothenate 400 #g
Folie Acid 2ug
Inosttol 2000 sg
Niacin 400 x5
p-Aminobenzoie Acd 200 48
Pyndoxme Hydrochlonde 400 48
Riboflavia 200 g
Thiamne Hydrochloride 400 rg
Compounds supplying trace elements
Borte Aad 500 4g
Copper Sulfate 40 xg
Potassium Jodide 100 ug
Ferric Chloride 200 ug
Manganese Sulfate 400 ug
Sodium Molybdate 200 ug
Zine Sulfate 400 #8
Salts
Potassium Phosphate Monebasic 1 Gm
Magnesium Sulfate 95Cm
Sodium Chlonde 01Gm
01Gm

Calerum Chlorde

Agar 18 Gm
Distilled water 1000 m!
pH 45

a Dusolve mgredients in distilled water,

adjust pH, add agar, melt with heat
If dehydrated commercial medium is
employed, suspend and dissolve the
recommended  quantity m  distilled
water

Autoclave at 15 Ibs (121°C) for 15
minutes,

Cool to 45-50°C and pour plates very
thio to depth of 15 mm , allow plates
to stand at room temperature 24 hours,
for dry surface

Inoculate by streaking lightly across
the plate (from posttions 10 gclock to
2 o'clock) and twa point moculations
at 4 and 8 o'clock

Cover one of the pomt ngculations
and the center of the streak with al
cohol-sterslized, famed, cooled cover-
shps  (Dalmau preparation, consist-
1ng of aerobie and anaerobic areas, for
morphologic study of yeasts)
Incubate 6-7 days at 25°C for hyphae
of filamentous yeasts.

For colonmal differeptiation of € neo-
formans from C neoformans var innoc-
uous, prepare mant colomes (see page
102) on stenle medwim poured 25-30
m! to each petri dish,

Ed

o

o

-
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CULTURE MEDIA

13 RENRICUS VEGETABLE  JUICE
SPORULATION AGAR FQR YLASTS,
MODIFIED™

Myved egetable juee 500 mi
Comipressed yeast enbhe 10 Gm
Spar 20 G
Dictilied water 500 mj
pif a8

157

Contents of one can of mused juxe
from eight vegetables” (I pint, 20z ),
is aclpnted to pll B8 with potasstam
hydrande,

Duperse one-half cake (10 Gm) of
compressed yeast in the yegelahle
yuce and steam the mixture for fen
mimutes 10 kill the yeast eelle and Ub-
eratc thewr acids

Readjust 10 pIf 88 and add an equal
sotume of hot distiied water contan-
ing 4 per cent melted agar, mix
Duspense in tubes, autaclave st 15 Ihe
(121°Q) for 15 munutes

Bemell and slant tubes before wse,
Incubate cultures at 25°C {see page
Jo3)

=

o

o

e

-

* Commercally avalable as “V.8," Stand.
ard Brands, Terre Haute, Inchana, US A or
other brands

14 CARROT INFUSION SPORULATKOV

a infuse finely chopped carrots in dis
AGAR FOR YEASTS™ tilled water overuight m rengerator
b Heat to 60°C for one hour, flter

Chopped earrote 150 G through paper

Agar 15 Gm © To the fltrate add agar, melt with

Caf0), (anhy drous) 35Qm heat, add CaSO, mix thoroughly.

Tap water 1000 mi d Dispense in tubes, sutockne at 15 Tos

{122°C) for 15 munutes
e femelt and slant tubes before use {see
prge 103)

15 SYNTHETIC AGAR MEDIUM FOR a Duscalve mgredients m distitled water
DETECTION OF EXTRACELLULAR b Adpst pH 10 45 with dilute HQ)
STARCH PRODUCTION BY YEASTS™ c Add agar, mel and astoclie 2t

. i 110°C for 15 minutes
‘f;‘;;;;m‘ (1} ggm d Cool and dispense 1 sterle pen
)

ey oo dishes (see page 10T)

Dextrose 16 Gm

Thiatwme 200 g

gar 25 Gm
Distilled water 1000 m}

Pl 45



156 CRYPTOCOCCOSTS

11 NITROGEN  ASSIMILATION AGAR a Prepare washed agar by soaking 20
(AUXANOGRAPHIC) FOR YEASTS™ grams minced agar n 1000 ml dis-
i tilled water for 8 days at room tem-
f\\lgéfo(’;" o (1) 503 perature, followed by several ninses m
DO, TH b3 Gm. fresh distilled water
o 206m b Dussolve ingredents 1 distlled water
Distilled water 1000 ml and melt agar with heat
m ¢ Autoclave at 110°C for 15 minutes
d Cool the sterile medium to 45-50°C,

seed with a viable suspension of the
yeast under test and dispense in sterile
petrt dishes  Allow the surface of the
agar to dry before planting KNO, and
peptone (sec page 106).

12, NITROGEN ASSIMILATION BROTH a. Dissohve above ingredients m 100 ml
{YEAST CARBON BASE)* (Dilco distilled water to produce 10X
Laboratones) strength, adjust to pHl 45  Stenthze

by Seitz or Berkefeld Bltration

Nitrogen sources ! b D o ke ™ 50 mi
Ammonum Sulfate None distlled water  Filter stenlize,
Caghararine Nave ¢ The fnal medwm 15 prepared by
oo aouree aseptically adding 45 ml stenle
aDetrose 10 Gm nitrate solution to 05 ml stertle basal
mino acr
medium and mixng
Id-lH\l;hdmc Monohydrochloride 1 mg B e e By growing
T “hmnlme 2mg the yeast on slants of yeast cstract
b Tryptophane 2mg agar. This medwm contams 3 Gm
,;;zl:,’: 2.8 powdered yeast extract, 5 Gm pep-
p
tone, 10 gm destrose and 20 Gm
atonm Rantothenate .mg “ agar 1 one hter ditlled water, pli
aoatol s 6870
{\{wmo] 2388 o e Reserves of nitrogen carned by yeasts
oAmmaob rad 2008 which have been grown on protemn-
B o T ord e nich medi are depleted by two serial
n{}:,u::,,r:.c Jdrotonde 200 4 : transfers on the synthetic mtrogen as-
Thiamine Hydrochlonde 100 08 5|m|l:mm‘1l broth bconmlmng ér\lclx,
: After 7 days’ meubation at 35°C, the
Compounds Sipplymg troce elements culture 15 shaken, one loopful trans-
cZ"C ‘,-csuu,,tp 10 oo ferred to a second tube of the same
Jotasam lodude 100 % basal medium contaming  potassium
Feres Chlorude 2004 wtrate  This 15 done to elminate the
Manganese Sulfate 400 ug carry-over of peptone mitrogen A
Sod Moly bate 200 positive test 1n this second culture
Z0 msmlinto) 100 . within 7 days mdicates that the or-
s “:nc ul 2 gamsm  asstmilates  potassum  nitrate
a
Potassium Phosphate Monobasic 1 Gm {see page 107)
Magneswiro Sulfate 05 Gm
Sodum Chtorude 01Gm
Calewm Chlonde 01Gm
1000 ml

Dustilled water

ol 15
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SPECIAL STAING
17. GRIDLEY YUNGUS STAIN™

USE This methad ks ane of the best for the
demonstration of both fungal spores and
hyphae. Since this techme stains relatsvely
few tissue elements, it §s excellent for nse
fn screening tissues for the presence of fung
other than  Actznomyces,® Nocardia® and
Mucond

PRINGIPLE. Swmce the penodic aad
Schaff stam daes not calor Fangal hyphae
tissue as well ps 3t stains spores, Cndiey devel
oped a new stan for fung which employs the
Feulgen reagent i combmation with Go-
mor’s aldehyde-fuchan stan for elastic s
sue fibers  The Gndley stain possesses the
advantage of staining spores and hyphae in
wsue equally well Comon's  aldebyde-
fuchsm stain causes hyphae to assume a deep
bluo color The prablem of positwe lssve
elements with the perodic sad-Schff re-
sction 15 veduced by oudation with chromuc
serd mstead of penodic asd

Twa mawn steps ate fvalved In the Gadley
stamng process  the tissue 13 first ondized
with chromue actd and penmitted to react
with Coleman’s leucofuchan seagent rather
than Sc}un‘s then 1t s placed m Comom

e ). e stan C
with Met.xm\ yellow because of its plensan!‘y
contrasting color

TECHNIC

3 Cot welbfived, parafin-imbedded tis-
sucs at & mucrons thickness and affiy
to microshdes with albummn or gelatm,

Tty

b Deparaffinze to distilled water

¢ Oadize i 4 per cent chromic anid for
1 hour

4 Wash in runmng woter for 5 minvtes

e Place m Colenan’s preparation of
Feolgen reagent for 15 mstes

* Actinpmyees and Nocordis sre demon.
strated best by Gram's stun {Appendre for-
muts 18)

¥Mucpr 15 stamed more effectnely by
hematoxyhn and by Gomor's silver mtrate
techme {Appendix formola 20}

159

{Dissolve 1 Gm of basie fuchsm m
200 m! of bouling water, flter, cool,
and add 2 Gm, of potassium metabss
sutfite {K:5.0h) and 10 m! of N/IL
hydrocklone acd  ¥enmt Beaching
for 21 hours, then add 05 Gm. of
actevated garben (Nont), shahe for
one minute and Blter through coarse
filter paper The fltrate should be
colorless }

Runse 1n 3 changes of sulfurous-actd
sotution, 2 mnutes for each nnse

10 per cent sodsum metas

brsulfite &ml

N/1 hydrochlone aod 5mt
Distilled water 200 m!

g Wash fac 15 muputes m runmng

ater
Place fo aldehyde-fuchsm solution for
15 1o 20 romutes

Pame fuchsin 1Gm
70 per cent ethyl aleohot 200 ml
Paraldehyde
Hydrochlorie ackl, con
centrated
Hold at room temper-
ature for 3 days unbl
solution  turns  deep
blue, then refnigerate

Zmi

Tonse off excess stain in 83 per cent
ethyl aleahol
Wash well in water

} -
k Countentatn i Metaml? yellow solu-
ton for 2 to 5 mmutes
Metanil yellow 625 G
Distitled water 1000 m}
Giacal aeetic and 625 mt

Wash 10 water
Dehydrate, cleas and mount w Per-
mount

B

RESULTS Hyphae, deep blue Comdia,
deep 1oe to purple  Background, yellow.
Elastc ssue and mucw ako stun deep
fue
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18 HOTCHKISS-McMANUS STAIN,
PERIODIC ACID-SCHIFF TECHNIC"

USE: This stain 1s extremely useful for the
d of hustol con-
taining  carbohydrates  with the 1,2-glycol
grouping in the unsubstituted form or the
equivalent chemical structures 1n which OH
groups are replaced by amimo or alkylamino
groups  Since the cell walls of most fungal
species contam sumilar substances, mycelal
and yeasthke fung: stan bnlhantly with this
listochemical method However, tissue ele-
ments are also stuned Species of Actino-
myces and Nocardia are not demonstrated
satisfactonly by this techme, but are stained
well by the Brown and Brenn Gram stam
(Appendix formula 19)

PRINCIPLE: Tissue sections are first
oudized with penodic acid to convert the
1,2-glycol groupings 1n the fungal cells mto
aldehydes When Schiff's reagent 1s added
ta react with the aldehyde groups, recoloriza-
tion of the reagent occurs to form compounds
of varying shades of red and magenta,
thereby colonng the cell walls of the fungt
By counterstaimng with Light Green {the
modification of Khgman and  associates™)
some of the positive tissue elements are over-
staned and the fung: present are seen to bet
ter advantage

CHYPTOCOCOOSIS
TECHNIC:

a. Cut well-fixed, paraffin-imbedded tis-
sues at 6 microns thickness and affix
to mucroslides with albumin or gel-
atn; dry. (Skin scrapings and fresh
smears fixed in 95% alcohol may also
be stamed by this techme, consult
reference ),

b Deparaffinize to distilled water

Oudize m 1% peniodie acid for 5 min-

utes,

d Wash m sunnmg tap water for 15
minutes

e. Place 1n Schuff's reagent for 10-15
mnutes  (Prepare the reagent by
brnging to boil 1 Gm_ of basic fuch
sin 1 200 m! distilled water Upon
coaling to 50°C, filter the solution
and add 20 ml. N/1 hydrochlone
acid  Cool the solution further and
add 1 Gm anhydrous sodmm bisul-
fite Keep the solution in the dark
for 48 hours until 1t becomes straw-
colored, 1t 15 then ready for use )

Transfer dectly to two changes of

either of the following solutions, al-

lowing & mmutes for each change

a

-

(1) 10 per cent potassum
metabrsulfite

(K:8:04) 5 m!

N/Lhydrochlonteacid 5 ml

Distilled water 100 m!
(2) Thionyl chlonde 5ml
Distdled water 100 ml

Wash in running water for 10 min-
utes

h Counterstar bnefly with Light Green
i Dehydrate, clear and mount

RESULTS Fungal spores stam boght red
to shades of magents, cell walls of hyphae
are stamed and appear as hollow tubes
Background hght green

)



ECIAL STAINS

19 BROWN AND BRENN GRAM STAIN
{Gndley’s Manual)

USE Most of the fung: are demonstrable
1n hssue sections as Gram-positive organisms
In our opmion, ths stan is the one of choice
for Actinomyces and Nocardia, but 1t 1s un-
sutable for mycelated and yeastike fung
which are demonstrated more clearly by the
Gndley and Hotchhiss-McManus stans

*Kade and Kaplan™ recommended this
Gram stain as the one of chowe for Cryp-
tococcus  neoformans, Histoplasma  eapsu-
latum, and Candida olbicans as well as for
Actmomyces bovis and Nocardia asterordes

161
TECHNIC,

a Cut paraffin sections of any well fied
tissue at 4 to 6 microns thickness and
affix to microshides with alburmin or
geltn  Dry and deparafiinze to
distilled water

Place shde on staming rack and cover
with 1 mL one per cent aqueous crys-
tal violet and 5 drops 5 per cent
sodium bicarbonate for 2 miutes;
agtate gently,

=

¢ Wash in water
d Flood shde with Gram's 1odine solu-
tion for 30 seconds.
Todine 10Gm.
Potassium rodile 20 Gm
Distilled water 3000 ml

e Rinse in water and blot wath filter

aper
Decolonze by dropping on the shde
a mxture of equal parts acetone and
ether until color ceases to appear
Stan with basic fuchsin solution for
5 mmutes

02

Saturated aqueous
sofution of basie
fuchsin

Distilled v ater

01ml
1000 ml

Ed

‘Wash in water and blot gently
Transfer to acetone

Decolonze i picric actd-acetone so-
lution untl sections are yellowish

pk
Picric aed 01Gm
Acetone 100 0 mt

k Rinse m acetone, then m equal parts
acetone and vylene

Clear mn xylene and mount in Per-
mount

-

RESULTS Fung stam varyng shades of
blue and violet, many unstamed forms



JIGO

18, MAYER'S MUCICARMINE  STAIN
(Gndley’s “Manual of Specral Stammg
Technies” employed at the Armed Forces
Institute of Pathology)

USE. This method 15 a traditronal one for
the demonstration of epithelial mucm, how-
ever, 1t also stams the mucinous capsule and
the cell wall of the Cryptococcus an mtense
pnk to red color We have not encoun-
tered other yeastlke fungi of sumlar mor-
phology that stam as smtensely or as con-
sistently with mucicarmine®, hence this
method 15 of value 1 the differential diag-
nosis of C neoformans from other non.
mycehated yeastlike fungr 1 tissue

® The mature segmented spores contamed
within the large sporangum of Rhinosporid-
wm secbert, the cause of rhmospondiosss,
are coated with a mucicarminoplulic matrix
In ammal tssue the cigar-shaped spores of
Sporotnchum schencku way also be enveloped
n a mucicarmme-positive materzal  Because
of the obvious morphelogie dissimilanities of
these two orgamsms to C neoformans, thew
differentiation should not offer difficulties

CRYPTOCOCCOSIS
TECHNIC.

a Cut paraffin sections of any well fixed
tissue at 6 microns thickness and affix
to mucroshdes with alburmn or gelatin,

ry
Deparaffinize to distilled water
Stain for a few seconds i Wergert's
hematoxylin (equal parts of freshly
mixed solutions “A” and “B”).

o

3

Soluan A
One per cent hematoryhn 1n 95
per cent ethyl alcohol
Solution B
Fernie chloride, 20 per
cent aqueous
Distalled water
Hydrochlore aaid,
concentrated

4ml
95 ml

I'ml

9

Wash 1 tap water
Stamn 1n Metam! yellow sobstion for 1
minute

L

025 Cm
100 0 mi
025 ml

Metanl yeliow
Distilled water
Glacial acetie acid

-

Runse 1n distilled water

Place mn diluted mucrcarmune soluhon
for 30 to 60 minutes, compare micro-
scopically wath control shde.

£

Carmme 10Gm

Anhydrous aluminum
chloride 05Gm

Distulled water 20ml
Mit 1n s small test tube and
heat over a small flame for 2
minutes until Lqud becomes
dark and syrupy Pour into
100 ml 50 per cent ethyl alcohol
and permt 1t to stand 24 hours
Dulute 1 to 4 for use

Ed

Rinse quickly m 95 per cent ethyl al-
cohol, then n two changes absolute
alcohol

Clear m two changes wlene and
mount 1n Permount

RESULTS Cryptococcus capsule and cell
wall, pik to red Mucmous substances, pink
to red Nucler of tissue cells, black Other bis-
sues, yellow
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20 GOMORI'S METHENAMINE-SILVER
NITRATE TECHNIC* (modified shghtly
at the Armed Forces Institute of Pa-
thology )

USE. The Gomon stain, a histochemical
test for glycogen and mucin and the newest
technic to be appled to the hstopathologic
demonstration of fungi m tissue sections, has
the g ad ges. 1t 1s unparalleled
for detecting small numbers of fungt which
might be mussed m lesions stamed by other
technics, 1t 15 the only fungus stam which
sabisfactonly demonstrates certain strams of
Mucor, and 1t yields the most photogemc

for d-whte pt hy.

prep p p

PRINCIPLE The Gomon method 1s con-
sidered to be a specific histochemical test for
aldehydes and 15 not a conventional silver ym-
pregnation mvolving pure reduction techmics
As with the Gudley method (Appendix
formula 17) the first step i the stammg
process 1s the hiberation of aldehyde groups
of the fungal cells by treatment with chromic
acid, with their subsequent detection by the
reduction of an alkaline methenamme-silver
mirate complex When the sections are
placed 1n an alkalne methenamme-silver ni-
trate solution, the histochemical reaction
which oceurs precipttates reduced silver on
the fungal elements-

TECHNIC

a Cut well-fived, paraffin-imbedded tis-
sues at 6 mucrons thickness and affix
to mucroshdes with albumm or gelatn
(dry smears may be prepared on al-
bumin-treated slides and fixed n 95
per cent ethyl alcohol}

b Deparaffinize to distilled water

e Oudize m 5 per cent chromuc aad
(Cr0;) for 1 hour

d Wash n runomg tap water for 10
mimutes

e Treat m 5 per cent sodium bisulfite

(NaHSQ,) for 1 munute and wash
agun 1 tap water for 5 mmnutes

CRYPTOCOCCOSIS

f Rinse ;n 3 changes of distilled water,
g Sibver the preparation at 45-50°C 1 a
working solution prepared by adding
25 ml of stock methenammne-silver
mtrate to an equal portion of dis-
tilled water contaming 2 ml of 5 per
cent borax, USP. grade (Na:B.O-
J10H,0),
Stock methenamine-silver mitrate
solution
3 per cent methenamme, U S.P.
grade 100 ml.
§ per cent silver mitrate 5 ml
A white precipitate  forms
which dissolves immediately
wpon shaling, the clear so~
lution  remams stable for
months while refngerated
Stamng of fung and mucn begins
within 25 to 30 munutes but satisfac-
tory results are not obtamed until after
1 hour or more has elapsed The
staming reaction should be followed
closely after 1 hour
Rinse i distilled water 3 times
Tone m O1 per cent gold chlonde
{AuCL HCI 8H:0) solution for 5 mun-
utes to bleach the background
Rinse m distilled water
Treat with 2 per cent sodwm thio-
sulfate (Na,5:0,5H.0) solution for 1
or 2 munutes to remove unreduced
silver
A vatety of counterstans including
hematoxyhn-eosin, hight green, metaml
yellow, and aqueous Safranine may be
ased to good advantage but for black-
and-white photography the prepara-
tions should not be counterstaned
Dehydrate, clear, and mount i the
usual manner
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RESULTS As a result of their being coated
with reduced silver, fungal spores and hyphae,
wneluding Mucor, axe sharply outhned m black
agamst a pale background Glycogen, muctn,
and elastin are also demonstrated by this
techme
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effect of fungichromn, 143
effect of 10dides, 123
effect of parabydron benzoic 2ad, 133
effect of tomato extract, 144
Candidg curtata. 108
Candida genus, 108, 109
Candida gulhermondsi, 147
Candida humicola, 103
Candida mehbwoni, 147
Candida troprcalis for serum fungicide assay,
140

Candidin, 138, 147
mouse LD, 138
touaty, 133

Canine cryptococcosss, 35, o1

Canine meningoencephalitis due to C neo-

formans, 41

Capne aad, 134

Capsular polysaccharide of C neoformans
absence of bvaluronic aad, 48
antigenic types, 47
chemical composthon, 43
chromatograpluc analyss, 43
effect of hyaluromdase, 43
effect of protewns, 50
protemn-polysacchands complex, 50
serologre reactmty, 47
type B separation, 43

Capsular reaction, 49, 50, 99

Capsule, of C necformans, 93
metachromatic properties, 99

formans, 42 staned 1n tissue, 116
Bovine pulmonary cryp . 46 Carbon asstmilation by € neoformans, 103,
Brain and memnges ( see Cryptococcosts of s

CNS) aar, 153
Brasa-heart infusion blood agar, 200, 101, Broth, 153

102, 153 techmue, 108
Bmmnmnycn genus, 108, 109 Carbon anxanographic agar method, 105

, effect on C neof 134 Card ar cryp . 35, 89, 151

Bronch: dueto C 14 Carrot infuston sporulation agar for yeasts,
Br ic a:plmllon, 9 137
Bronchoscopic biopsy, 9 Caseation necrosss 1n cryPtococcosts, 59
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Cavitation on X-ray, 14, 15, 16, 18

Cell wall, of C. neoformans, 95

Cerebral cryptococeosis {see Cryptococcosis
of CNS)

Cerebral granuloma (see Granuloma)

Cetyl dimethyl ethy] ammonium bromide, of-
fect on C, neoformans, 150

Cetyl trimetliyl ammanium bromide, effect on
C. neoformans, 150

Cheetah eryptacoccosis, 38

Chemical structure of C., neoformans, 47

Chemotherapy fa cryptococcasts (sce Cryp-
tococensls, therapy)

Chick embryo, susceptibility to €. neoformans,
1

Cliloromycetin

effect on € neoformans, 136

in cryplococcoss, 126, 136
Chlorquinaldol

chemical formula, 150

ffect on C neoformany, 150

effect on systemic pathagenfe fungi, 150

toviclty to animals, 150
Chorlocapillaris invasion, 35
Chorlorctinitis, 64, 85
Chorold plevus lesion, 80
Chromobactertum prodiglosum, 136, 141
Chromobacterium iolaceum, 138
Chromagenesis in fungi, agar, 152
Chromatographic analysly, 48
Circulin, 136, 137

in cryptococeal meningitis, 187

in cryptococcosis, 126, 136

mouse LDy, 136
Citrlnin, 137

mouse LD, 137

toxicity, 137
Civet cryptococcnds, 38
Classifiention of asporogenous yeasts, 108
Classification of € neoformans {see Datanical

classification}

Clavicin, 137

mouse, LDy, 137
Clinfcal course of cryptococcal meningitis, 10
Chinical manifustations of cryptococeosls, 12
Coceldiotdes immitly

«ffect of mycoticin, 118

hematovy lin-cosin staln, 116
Caccidioldomycosis, treatment with nystatin,

Coin lesions, 15

Colloidal copper in cryptococcosts, 126

Colloidal silver fn cryptococcosts, 120

Colony appearance of € ncoformans, culture
media, 101, 102, 103, 104

Complement fising antibodies, 48, 151
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Complement fiving antigen, 151
Compound P-5%4, 131
Compound VR-704, 150

Coptiv chinensis extract, 144
Cortical atrophy, 79
Cortisone
dffect on cryptococcat-inficted rats, 150
ffect on Hormodendrum-infected rats, 150
in treatment of cryptococcasis, 150
Cranial involyement, 31
Crepn, «{fect on C. reoformans, 136
Criteria for [dentification €. neoformana
Wachemlcal, 1073, 120
celtular morphology, 43, 120
colony formation, 99, 120
\istopathologle, 116, 120
miygen requirement, 108, 120
pathogenicity, 111, 120
serologfe, 47, 120
tolerance to 87°C, 104, 120
Cryptoceccaceae family, 108, 109
Cryptacaceal branchopnenmenia (sce Crypto-
covcosts of Inngs)
Cryptococeal encephalitls, enntne (sce Crypto-
coceosis of CNS)
Cryptococeal granuloma (see Granuloma)
Cryptococeal infected milk, 45
Cryptococeal polysacchride, 48
in urine, 50
Cryptococcales order, 108
Cryptococcl
avirulent, 6
oceurtence Inalr, 6, 101
occurrence In fntestinal tract, 8
oceurrence b rodenty, 6
accurrcnce In sofl, 6
accnirrence fn sputam, 6, 101
occurrence on skin, 6, 99, 101
seralagle groups, 47
Cryptococcoldeae mbfamily, 108, 100
C-135, 198
C-381, 198
Calcification, pulmonary, 16, 63
rarity, 118
Cryptococcur albidus, 107, 110
Cryptococeus hrewer, 111
Cryptococcus cercbrifoculovus, 111
Cryptococcus costantind, 111
Cryptococcus difffuens, 1049, 110
Cryptaceccus farcinimorus, 15
cause of «plrootic lymphangltis, 43
clawsification as Histoplasma farcintmorum,
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sesemblance to H, capsalatum, 45
Cryptococens genus, 109, 109, 110
Gryptococens glabrata (see Tondopsts

glabrata}
Crypeococcus homints, 1, 2, 111
Cryptacoccus hondurianns, 111
Cryptocaccus homints var hondurianas, 113
Cryptococcus Kleini, 11
Cryptococcus laurentys, 109, 110
Cryptococcus lithogenes, 110
Crypiococrus Ietcolus, 106, 116
Cryptococeur meningutichs, 111
Ceyitococrur mucarugosas, 109, 110
Cryptococcus naralis, 131
Cryptococeosis

absence of endemic areas, 8

age distnbution, 7

05 tause of aneutysm, 35

s cause of blindness, 31

associated wath Hodghu's theease, 35, 38,

&6

associated wath Jymphowma and levkemua,
35,86

assocuated with sarcdoss, 87
eawse of eprthehoyd tubercles, 58
cautery, 128
chemotherapy, 158
coenstence with Hodghwn's disease, 71
coextstence with other mycoses, 70
coexistence with tuberculosss, 135
effect of wonscotmrc acid hydrazde, 135
dhczepancy i choweal and prthelogiost
dagaosss, 4
dxssumm!ed, 8, 26, 27, 31, 64, 55, 86,87
csustng malary pulmonary lessons, 14
n autopsied cases, §
12 reticulo-endothelial disease, §
connophitia, 91
epidemology, 7
etiologe diagnons
aspiration bopsy, §
culture, 33
hronchascome aspiation, §
disemnatian m Hodghn's disease, 36
Iver biopyy, 34
martow aspiration, 34
uree culture, 34
relation to sarcordosss, 36
excision, 128
#1ogenaus ongn, 7, 45
frequency in fomates, 7
fxtquency In males, 7
Tustoneal aspects, 1
13 ansmals, 38
in cat, 28
in cheetat, g8
ncidence, 3

m civet, 38, 39
w dog, 38, §1
in ferret, 38
in fox, 38, 39
In gunex pig. 7, 38
m horse, 2, 38
in monkey, 35, 39
in ox, 33
n pg, 38
3n yodents, 118, 113, 113
in United States, 3
1 Washington Zoo, 39
Libaratory stushes, 58
Iy mphoma, 35
mucasal lesons, 29
my xematous-like cryptocoeeal masses, 25,
54, 59, 65, 68, 67, 82
of bone and jaints, 50
assocrated with sarcardosis, 57
differentiation from other mycoses, 34
extensson, 28, 32, 84
from mensnges, 34
from swwscs, 34
feom soft tissues, 32
granuloma, 62, 87
m first recorded case, %6
meidence, 30
ot lesions, 32
wsinterpreted as neoplasra, 88
of bone matrow, 89, 50
of eramtum, 21, 81
of femar, 32
of humeras, 31, 32
of slnun, 81, 32
ef schrum, 33
of petiss, 11
of rachus, 32
of b, 33
of ubul tbercle, 37
of phalanx, 25
of vertebra, 31
osteomyelitss, 28, 31, 32, 33
ranty of solitary bone lessons, 32
result of hematagenons dissemination, 32
raentgenograms, 29, 31, 22, 23, 34, 35
roentgenographic diapaoss, 81
sites of occurrence, 33
surgical treatmvent, 81
symptorpatelogy, 30
treatment with protosnemonsm, 143
vavane therapy, 145
of cardiavascalar system, 35, 85, 151
as cure of aneunisn, 3!
endocarditis, 151
with theumatic beart disease, 151
of cat, 39, 49
of eattle, 38, 40, 42, 43
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(Cryptococcosis—cont'd)
of central nervous system, 2, 3, 17, 71
choroid plexus lestons, 80
chmeal mamfestations, 17, 19
cortrcal atrophy, 79
differential diagnosts, 21
differentiation
bemgn lymphocytic choriomerungstis,
23

fungal meningitides, 23
metastatic carcinoma, 21
neurosyphils, 23
tuberculous menwagts, 19, 21, 22
dural granuloma, 83
duration, 20
encephalitis, 74
m cocker spamel, 41
encephalomalacta, 80, 90
example of chronicity, 19
first antemortem diagnosts, 2
first case treated with Actidione, 75
fulminant cases, 20
gross appearance, 64, 71, 72, 79, 80, 83
hematogenous spread in bram, 76, 77
hydrocephalus, 19, 21, 79, 80, 80
ocular disorders, 18
1n ammals, 40, 41
n older pattents, 18, 23
m white Swiss mice, 113
lentiform nueleus, 76
mentngutis, 2, 20, 22, 31, 71, 71, §0
cure with sulfadiazine, 130
differential diagnosss, meningitis, 21
fibrovascular prolferation, 74
headache, 17
leukopenic effect of sulfonamides, 130
resembling neoplasm, 22
treatment (see Cryptococcosis, treat-
ment)
menmgoencephalits 1 ammals, 40, 41
meningoencephalibis 11 humans, 8, 10,
17, 18, 18, 19, 52, 55, 64, 73, 76,
77,78, 79
mistaken for bacterial menmgitis, 23
neuropsychiatric symptoms, 23
of basal ganglia, 76
of bram, 56
of gassenian ganghon, 7
of mternal capsule, 76
of lentiform nucleus, 76
of spmal cord granuloma, 124
papilledema, 18, 19
paralysis, 20

pathology
m nfected muice, 112, 113, 114

of cryptococcal memngatss, 71

CRYPTOCOCCOSIS

distention of subarachnoxd space, 72
gross appearance of bram and
mentnges, 71

memingeal reaction, 71, 73
microscopic charactenstics, 73

of eryptacoccal encephalitis, 74
bram deformty, 82
cyst formation, 79
effect of formaln fixation, 78
embobic lesions, 77
encephalomalacia-lke lesions, 80
endarteritis, 81, 82
ederval hydracephalus, 82
fibrosis and caleification, 82
granalomatous lesions, 78, 80
m newborn, 80
mternal capsule, 76
internal hydrocephalus, 80
mechanism of nvolvement, 74
miliary granulations, 80
mineral concretions in newborn, 80
pernvascular extension, 74
spinal fuid, 91, 92, 96

of space-occupying granuloma, 82

pauaity of reaction, 53
physical and neurological abnormalitres,

17

soluble antigen m spinal fluid, 48
spmal fwd dynamics, 20
symptomatology n artificially infected
mice, 112
tissue susceptibihity to C. neoformans, 8
treatment (see also Cryptococcosss, treat-
ment)
fever therapy, 104
first case treated, 141
symptomatic treatment, 146
lumbar puncture, 148
of ambulatory patient, 146
of hospitalized patient, 146
opiates, 146
sacemne therapy, 145
routes of admmstration, 145
with Actidione, 75, 139
chinical failure, 142
highest 1V dose, 143
mode of admimistration, 142
toue effects, 142
with polymyxm, 137, 142
with ereuln, 1
with ethyl vamilate, 133
with hvaluromdase, 142, 148
with polymyun, 142, 146
with prodigiosin, 187
wath protoanemonin, 143
with stilbamidine, 132
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with streptodomase, 142, 16
sentncular dilatation, 21,79, 80, 80

of eye
bhadoess by € neoformant, 84
@ificulty in dugnons, 85, 87
enucleation, 64, 66, 123
in human, 19, 35, 64, 83
n rablut, 114, 118
Xeratitts, 353
of eyelids, 85
of optic nenve, 20,31
of orbit, 35
of retia, 34, 64
of weal tract, 34, 35
of witreous, 34

of tungs, 8,9, % 11, 12,13, 15, 18, 16,486,

61, 64, 63, 66, 63, 89,70, 71
as canse of death, 9,12
aspiration biopsy, 9
astociated with neryous system disease, 9
atalectasis, 14
bilateral distase, 16
bronchnpnenmonia, 14
‘bronchoscopic aspiration, 9
bronchoscoprc biopyys
caseation necrosis, 59
cavitation, 18
cocustence with Hodghun's discase, 7
coexstence with other mycoses, 7
cocustence with tuberculosis, 70
compheation vath non-mycotic preumo-
s, 70

diagnosis by sputum culture, 16
diagnosis by thoracentesis, 12
differential diagnoss, 15
distinguished from tubercutoma, 68
extension to chest wall and mediastioum,

6%
fibrocaseous lesions, 63, 68
gelatinous miluary tubercles, 15
gmm:;vma, 9, 10, 18, 53, 54, 59, 60,63,

granulomatous miliary tubercles, 15
hemoptyss, 11, 12

importance of case follow up, 11

in shsenee of nervous system diseasc, 9
m Hodgkm's disease, 86, 92

fnvasion of pleura, 6

involvement of chest wall, 18

1m white Swiss mice, 113

Tocabized lesions, 122

mediastimbis, 13
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of bovine lung, 44
pathology, 64
appearaace of pulmonary masses, 61
compared with coceidiondomy costs and
histopLismosts, 63
diagnowss by frozen section, 63
ross exarmnation, 84
infrequency of cavitation, 69
Jocation of pulmonary masses, 8%
microscapic appearance, 67
pavicity af tissue necrosis, 68
rarity of pleunts, 68
resemblance to myvomata, 65, 66
subpleural granuloma, 9, 61, 63
penbronchial mfltration, 1, 15
physical signs, 12
plenral effusion, 11
pleural granuloma, 11
pleural reachor, 10
Pleural thickerung, 14
pleuntis, 69
preumonectomy, 122, 123
poeumomitis, 57
portal of entry, 6,7, 8
pulimanary calafication, 63
pulmonary consobdation, 74, 18,66
pulmonary granuloma, 9, 10, 18, 53,54,
59, 60, 63, 69
pulmonaty resection, 122
Varely pure respiratory disease, 6
ranty of fistula formation, 69
regression of large lesions, 9
remission of mfiltration, 123
resemblance to sarcondosts, 17, 57 60,68
resemblance to tuberculosis, 16
retsculum framesork of lung, 70
toentgen appearance, 10,11, 12, I3,
14,15, 16,17, 18
rocntgen diagnosis, 10, 11, 12,13, 14,
16, 18, 17, 18
sarcord-bike patteen, 57> 69
spontaneous FeMISSIOn. 123, 125
subpleural granuloma, 8,9, 11, 53, 60,
61, 64, 68
surgreal cure, 11
surgcal treatment, 9,121
symptomatology, 11
thoracentesss, 12
wath Hodgkn's disease, 86 92
with lymphoey e leukenua, 65
newbom
pathology. 80
simlanty to tovoplasmoss, 8
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b

of other org rd)
genito-unnary tract, 34
ladney, 17, 84, 86, 90, 93
lver, 34, 86
lymph nodes, 34
oropharynx, 6
pathology, 56
difficulty i dragnoss, 83
dissesmation with lymphoma and
leukemia, 88
localization of lesions, 83
of adrenals, 86, 87, 89
of eye, 87
of kidney, 86, 88
of iver, 86, 89
of soft tissues, 82
of spleen, 87, 89
organ enlargement with infection, 88
prostate gland, 84
spleen, 34, 87
testis, 34, 89
vagma, 6
of rabbit, 115
of skin and mucous membranes, 8, 24, 24,
26, 27, 28, 62, 64, 84
acneform lesions, 24, 26, 29, 64
as mamfestation of dissemmation, 80
as portal of entry,
biopsy of skn, hazard, 99
charactenstics of cutaneous lesions, 25,
charactenstics of mucosal lesions, 29
comerdent with mjury, 36
extension from osseous leson, 28, 29, 62,
82
fac1al lestons 1 ammals, 38, 39
frst review, 29
granuloma, 27
hypersensitivity, 47, 51
meidence, 2
m first recorded case, 24
in granulocytic levkemra, 26, 64
manifestations, 29
microscopic appearance, 84
pathogeness, 30
pathology, 29, 82
absence of hyperplasia, 82
absence of sinus tracts, 82
localization of cryptacocct, 82
resemblance to myxomata and
lipoma, 25, 82
ulceration, 83
resemblance to rodent ulcer, 27
resemblance to smallpox, 27
secondary to osteomyelitis, 62
strawberry-like lesions, 25

lesions, 25

treatment of mucosal lesions, 29
pathogenests, 38, 39
pathology (see Pathology of cryptococcosis)
physical agents, 125, 126
prognosis, 121
relation to Hodghun's disease, 35, 36, 56
spontaneous, 121, 123, 125
symptoms related to smgle organ, 34
tissue response, resemblance to sarcordosis,

36

transmission, 7, 45
treatment, medical, 125

antiblotic, 136

of CNS cryptococcosts, expandmg ntra-
cramal lesions, 124

of extrapulmonary cryptococcoss, 124

symptomatic tieatment, 146

treatment summary, 146

with aenflavine, 126

with Actidione (cyclohenmide), 75, 125,
126, 127, 136, 138, 139, 140, 141,
142, 143, 146

with alcohol, intravenous, 126

with alkalinization therapy, 126, 197

with antibiotics, 126, 136

with antihistamines, 135

with antimony compounds, 126, 129

with arsenieals, 126

with atabrne, 126, 133

with Aureomyern, 126, 136

with autogenous vaccne, 126, 145, 146

with azosulfammde, 128

with calewm gluconate, 126

with crreuln, 126, 136

with chemotherapy, 126, 128

wath colladal copper, 126

with collodal sibver, 126

with cortisone, 150

with Daraprim, 149

with dianudine dervatives, 132

with diamidines, 126, 130, 131, 132, 146

with duazone, 126

wath enzymes, 126, 145

with ethyl vamllate, 126, 133

with fever therapy, 125, 126, 127

with Fuadm (Stibophen), 126

with furacm, 126

with gamma globuln, 51, 126, 127, 145

with gantrsin, 126

with gentian violet, 128

with gold sodm thiosulfate, 126

with heat cabnet, 126

with heavy metals, 126

with hexamethylenamine, 126

with hexanune, 126
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with hyaturomdase (Wydase, Aliduse),
126,127, 149, 145, 146

with fmmiine rabiit serum, $20

with todides, 126, 127, 125, 145, 140

with bpioda, 126

with M & B 693, 126

with methyline blae, 126

with nystatin, 126, 133, 199, 141, 144

with owophenarsine bydrochlortde, 1260

with para-amino-salicy ic acid), 126

with penicilln, 126, 127, 136

with physical agents, 125, 126

with {\nl_ml)xm, 126, 127, 136, 142, 145,

8

with Pregl’s fodine solution, 126

with prodiggiostn, 126, 136, 137, 141
with promin, 126

with protoanemonin, 126, 136, 143
v\'llhl]%n‘x‘nummr, (Trpelennamine),

with sodium blearbonate, 129, 127

with sodium thiosulfate, 126

with stitbamidine, 126, 128, 130, 132,
Ho, 141

\\nhlstmplndnrmse. 126, 127, 142, 145,
16

wath streptamy e, 126, 127, 136, 138
with sulfadiazine, 126, 127, 129, 130,
15

vith sulfamerazine, 126, 129

with sulfaniamide, 126,129, 130
with sullapyridine, 126, 130

with sulfsthuazole, 126, 129

vath sulfonamides, 126, 129, 130, 146
wath terramy cin, 126, 136

wath thiamun, 126

with tryparsanude, 126
with "..-hydmx)shlh;\mxdxnc, 126, 128,
130, 131, 132, 148
with typhoid.paratyphoid vaceine, 126,
127, 145
with tyrocidin, 126, 136
with ultrz violet raduation, 126
¥ith vaceine therapy, 126, 145, 146
with xeray, 195, 195, 17, 108
treatment, surgical, 20, 21, 121
amputation, 29, 195
danger of meision of granulomas, 122
enucleation, 8§
favorable progaosss in, 131
h-: Prevention of metastasis, 121
Portance of case follow-up, 122
of extrapulmonary lesions, 121
of localized lesions, 121, 124, 125
of localzed pulmonary Jestons, 122, 123
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of muttiple extrapulmoniry lesions, 124
of pulmonary sions, 121
surgical eurcs, 21
surgical treatment, 20, 21, 121
vacvine therapy, 126, 145, 148
world distribution of cases, 6

Cryptocaccus neoformans

antigenlc structnre, 47
as cause of mycotic memngibs 3
as ease of sarcold-hke ko 50 57
as etologic agent of Hodshin s diverw 33
ascospore formation, 2 61 103 104, 147
assocnited with leakemiy 4
assoctated with hmphom 4
biochemucal properties 103
botanical chssiication, 108, 1M, 110
capsular polysacchande 43
capsule, 49, 93, 94, 110
effect of acrd, 47
in ussue, 118
staining reaction, 99, 116, 116
carbon assnubition, 105 106 110
causing endocardits, 151
cavang mastits, 30
chemcal structure, 47
calony appearance
brain-heart infusion blood agar, 100, 102,
104
Lattman Incr-spleen glucose blaod agar,
100, 103, 104
Littman oxgall agar, 100, 102, 104
Sabouraud devtrose agur, 100, 101, 104
yeast morphology agar, 103
complement-fung antigen, 151
enteria for identification, 126
culture media, 100, 101, 104
culture studies, 99
cytology, 93
cytology differentiation from C neoformans
var mnoctious,
demonstration of capsule n tissue, 116
destenction by pasteurization, 7
differentiation,
artefacts, 96
C neoformant var innocuous, 112
hydropic influnmatory cells, 118
mineral concretions, 119
other dimorphuc fungt, 100
ather species, 109, 110
red blood cells, 99
Russell bodues, 115, 119
direct exarmnation of fluids, 96
double budding, 95
eflect of fungicides
Acticione, 136, 138, 139, 141, 143
actmomyetn, 1
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(Cryptococcus neoformans, effect of fungs Fuadm, 129

crdes,—cont'd)
allicin, 136
aminostilbarmdine, 132
antimeny potassium tartrate, 129, 185
anttstine hydrochlaride, 135
ascosm, 138, 139
aspergillic acid, 186
atabrine, 135
Aureomycn, 136
bacillomyein, 136, 157
bacitracn, 136
p-diethylamtno ethyl fencholate, 134
bracetyl, 150
bromothiazone, 134
C-135, 138
C-381, 138
candiaidim, 138, 139
capric acid, 134
cetyl dimethyl ethyl ammontum bromde,
150

cetyl trnmethy! ammonium bromide, 150
Chloramycetin, 136

chlorquinaldal, 150

crculn, 186

ctrinn, 137

claviein, 137

compound P-594, 134

copper sulfamerazine, 130

copper sulfathiazole, 130

copper-3 phenyl salicylate, 134

Coptis clunensts extract, 144
cortisone, 150

crepmn, 136

Daraprim, 149

diamthazole, 134

dichlorophenarsime, 135
diethyJstilbestral, 185

dimethyl dichlorasucainate, 150
diphenvlpyraline, 135

dithiocarbamy! hydrazine, 134
dithiocyanoacetamhde, 150

8 hydravyquinolne, 150

eschnidine, 150

estraciol, 150

eumyom, 136

fatty acid dernatives, 134
5-amino-7-hydroxy-1-tnazole, 135
flusomycn, 136
FATS) z.

fungieidin, 138

fungistatin, 136

garlic clove extract, 145

gladiohe acid, 136

glhotoxin, 134, 137

gramiaidin, 136

hexachlorophene, 150

hyammne-1622, 135

hyamine 10x, 135

hydroxystibamidine, 132

increased pH, 127

1someotiic acid hydrazide, 135

koyic acid, 136

MRD-112, 134

methyl.5-mtro-2-furoate, 150

Mycostatin, 138

mycotie, 148

myvisone, 134

N-butylmalemmide, 185

neoarsphenarmine, 135

neopynthiamine, 149

nicotinamide, 135

mitrofurazone {Furacin®), 135

mtro furfuryl methyl ether, 134

N-p-nitrobenzoyl sulfanilamide, 129

nystatin, 13§

p-amnobenzoic acxd, 135

p-atinoluppunic acid, 135

p-hydroxymethyl benzoate, 133

p-mitrobenzoic acid, 185

parahydroxybenzoic acid esters, 133

pasteurization, 45, 46

pelargonic acid, 134

pemalkc acid, 136

pemcillin, 136

pemeillin G, 136

pemeilhn K, 136

pentamudine, 132

phenamidine, 132

phenazine di-N-oude, 135

phenothiazine, 135

plevrotm, 136, 137

polymyxin, 136

polymyxun with Actidione, 142

proparmdine, 132, 135

protoanemomn, 136, 143

pseudomethyl acetylicrylte, 150
b 135

diphenyl 129

dine, 135

P
14y drovy-3,3 A drethy
methy))-5,5"dsallyl-diphenyl
dihy drachlonde, 135

) henyl5"-th

quinacrine (Atabnne®), 135
quintne, 135
, 135

49 1‘ Tsulfe
(Promizole®), 135

fradicin, 138

nmacidin, 138
Ro-2-3004, 129
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shar mereaptaacety ] sulfathiazole, 129

B-cpanp-2-methovy -D-ssopropy i+
anmopropylimnasendime, 135

& onethory Basopropyl-atunc-
;uncyl.nmnwnnalme. nS

8- I
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gint enlomy on
Littanans ),.mpm-n glucose blood agar,
104

Lattman osgall agar, 104

qunchne, 135 y
6-pheny 13 8-dibydrouracil, 135
sodiem busmuth mescaptoacets ]
sulfathiazale, 128
soduamS-sulfantisndonaphthalene-
1-sulfonate, l"‘q
sodwm p.p'ds

Nenvlallz :

Sabauraud destrose agar, 104
3 )

growih on culture media, 99, 100
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{Cryptococcus neoformans, effect of fung-
ades,—cont’d)
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5-amno-7-hydroxy-1-trazole, 135
Ausomycin, 136
P Y

CRYPTOCOCCOSIS

Fuadin, 129

fungicidin, 138
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von, 21, 79, 50, §0
Dumethyd dichlorosuccinate, effect on €, neos
formane, 150

Diphleny Ipy rah
)P}
35

effect on €, neof

Disect examunation for € necformany, 98
Dissemnated cryptococeosts, 28, 27, 81, 64,
65, 56, 87
Dntocarbamyl by drazine
efect on €. neoformans, 134
Eatluce to protect mice, 13
Dithroeyanoacetenidide, effect on C nea-
farmany, 150
Dural granutoms, 8%

E
B.hy Qm(}viumlﬂmz\ effect on & J

eHect on mucaus membranes, 133

in ety ptococcosss, $26, 133

tovieaty, 133
Eumyen, 336, 187
Eutopean blustoms cosss, §, 2
Excisiona} therapy for localized Jesions, B
Exogenous ongin of cryptococrosss, 7, 45
Extracelular starch detection, medmm, 157
Eye fnvolvement, 34, 35, 61

F

Famal festons in animels, 38, 29
Fat cells 1 sputum, 97
Fatty acds
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Cryp formans, path and Sahouraud destrose agar, 101, 104
virulence—cont’d) at 87°C
reaction 1n heterologous serum, 49 brain-heart infusion blood agar, 100,

reaction 1n homologous serum, 49
recovery from mulk, 38
relation to prgeons, 7
resemblance to artefacts, 97
resistance by rabbut, 114
resistance to sulfonamides, 129
reproduction m tissues, 117
sectoring, 104
serologic grouping, 47, 49, 50
cross reactions, 50
silver mitrate stan, 161
simlanty to Lipomyces starkeyi, 147
size, 93
source of imfection, 6
spmal fimd culture, 96, 59
stamung reactions
acid mucopolysaccharide stam, 116, 117
Bauer stamn, 116, 117
Gomort stam, 117
Gram’s stain, 96, 98, 161
Grudley reticulum stam, 116
Gndley stamn, 116, 117, 159
hematoxybn and eosin, 116, 116
Hotchkiss-McManus stain, 116, 117, 158
mucicarmene stam, 118, 117, 160
penodic acid-Schaff stamn, 116, 117, 158
toluidime blue, 99, 116
starch production, 110
streak plate, on
bran-heart infusion blood agar, 100
Littman lver-spleen glucose blood agar,
100, 104
Lattman oxgall agar, 100
Sabouraud dextrose agar, 100
susceptibility to heat, 48
survaval of alkal digestion, 100
Synonymy, 8, 110
synthesis of thiamme-pynmidine, 149
temperature tolerance, 104
under polarized ight, 118
urease formation, 108
wvirulence for calf, 40
1

101, 102
Littman  hver-spleen glucose blood
agar, 100, 101, 103, 104
contrasted with staining methods, 150
differentiation from C. neoformans, 101, 112
differentiation from other species, 110
glantl ;:lony on Sabouraud dextrose agar,

mated with C neoformans, 147
nitrate assimilation, 106
oceurrence m air, 8
occurrence m sputum, 6
on yeast marphology agar, 101, 103
serologic relationship to €. neoformans, 99
smulanty to C. albudus, 110
sumlanty to C. diffluens, 110
simlanity to C, luteolus, 110
temperature tolerance, 104
urease formation, 108
Cryp f var. 1
101
Cryptococcus plimmeri, 111
Cryptococcus psicrophyliens, 111
Culture maintenance, 101
Cutaneous tryptococcosis {see Cryptococcosis
of skin)
Cyclohexmde (see Actidione)
Cyst formation, 2, 79
Cysteme, effect on nystatm, 139
Cytology of C neoformans, 93
Cytoplasm of C neoformans, 98
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Dalmau preparations, 154
Daraprim, 149

blood levels, 149

dosage, 149

effect on € neoformans, 149

m treatment of cryptococcosis, 149
Deaths, due to mycoses, 3
Debaryomyces genus, 2
Debaryomyces hominss, 2, 111
Deb

yp f var i 99,
101, 109, 110, 112
ascospore production, 103
chemical composttion, 48
tology, 96
zlmreg);mdms, 99
at 20°C
Lattman mediam, 100, 101, 102, 104
Lattman oxgall agar, 200, 101, 102, 104
Mycological agar, 101
Mycophil agar, 101

, 110
Dentate nucleus cryptococcal lesions, 76
Desensitization with cryptococcal antigen, 145
Deuteromycetes, 108
Diamidines
m cryptococcosss, 126, 180, 181, 132, 146
in North Amencan blastomycosis, 130
Diamthazole
effect on C neoformans, 134
mouse LD,,, 134
Diazone in cryptococcosis, 126
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Hypersensitnaty in myeobic duease, 47, 51
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Ideal properties of anticry ptococeat dug, 125
Tiurm involement by € neaformans, 31, 32
fmoume rabbit seum 1 cxy ptococcosis, 136
Immunologic agents tn cryptococeasis, 126
Immunology 1 cryptococcosis, 47, 151

agglutinn titers, 47, 48

allergentcaty of fungy, 47

antibody titers, 47, 48

complement-fung antigen, 151

precipitn reaction, 47

preparation of immune scrum, 47

skin hypersensitinaty, 47,51

true antigenteity, 47

sath thinly encapsulated strains, 47

Tncadence of cryptocoecosss, 3, 4

effect of geographical location, 7

effect of occupation, 7

influence of race, 7

pulmonary form, 4
India ink

effect on C ncoformans, 133
effcct on co-evisting infection, 133
K
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RloCcherd genus, 1wy «v
Kogc acud, effect an C. neoformans, 136
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Laboratory studies, 1 cryptococcosi, 58
absence of eosopliha, 91
anema, 91
changes 1n sedimentation rate, 91
Teukocytosts, 91
spinal Tuid exanunation, 91, 94, 96
sputum esamination, 91
LD, in mouse,
Actiione, 138, 140
athem, 145
Antbiotie XC, 138
ascosin, 138
bacillomyein, 136
godiethylamino ethy! fencholate, 134
condrcichn, 138, 139
candidin, 138
chlorquinsldol, 150
circalm, 136
atrnn, 137
clsian, 137
damthazole, 134
5.7-dichlore-8-vdrovy quinaldine, 150
flus oy cin, 13
fradcin, 138
Fungieschn, 138
136

of C neof 9,
84,96
Inflammation 1 cryptococeoss, 80
Internal capsule eryptococeal lesion, 76
Internal hy:rocephalus caused by € neo-
formans, 19, 21, 79, 80, 80
Intracerebral infection techruc 10 ammals,
nez, a3
Intranasal moculition
tn the gumea pig, 7
n mice, T
Iod.d;s in cryptococcosis, 126, 127, 128, 145,
46

causing Liberation of fungus products, 128
2eictenous effect n panents, 329
effect on grantlomatous tissue, 128
effect on growth of C albicans, 128
tature 1 CNS disease, 129

Tsoucotinse aad hy drazide

g

MRD-112, 134

Mycostatin, 138

ms coticm, 138

nystatin, 138

polymyxm, 138

nmoadn, 138

Ro-2-3094, 129

stilbamudine, 141

streptomyein, 118

steeptothrem, 138

theolutin, 138
Leatform nucleus cryptocaceal lesion, 76
Leptomenmgitis, due to cryptococeus, 2
Leukemia and cryptococcasts, 35, 65
Feukoeytoss, ta cryptocoecoss, 91
Lipodal m cryptococcasis, 126
Lipodal granules 1n C peoformant, 90, 95, 26
Lepomyces hyoferus, 147
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Gamma globulin
admanistration in cryptococeasis, 51, 126,
12
tn mfection, 51
level in eryptococeal meningtis, 51
Gantrsin in cryptocaccosss, 126
Garhe clove extract, 114
Gastro-intestinal cryptococeosss, cat, 39
Gelatin liquefaction by € neoformans, 108
Generahzed cry ptococcoss, treated with
Daraprim, 149
Gentian violct 1n cryptococcosts, 126
Gatter cell m eryptococeal encephalomal icla,
90

Gladiolic acd, effect on C neoformans, 136
Gliotoxin

effect on C neoformans, 134

mouse tovcity, 137
Glucuronic acid, tn cryptoceceal polysac-

chande, 48

Gold sodium thiosulfate i cryptococcosts, 126
Gomon stan, 151
Gram stam of C neoformans, 96, 98, 117,

1 tissue, 161
Gramieidin, effect on € neoformans, 136
Granuloma
bovine lymph node, 43
bram, 82
cerebrum, 23, 27
CNS, 23
danger of inciston, 122
dura, 83
palate, tiger, 38
pleura, 11
pulmonary, 9, 10, 18, 53, 54, 59, 60, 69
sk, 27
resemblance to rodent ulcer, 27
spinal cord, 124
subcutaneous tissue, 25
resemblance to myxoma, 25
subpleural, 9, 11, 53, 61, 64
Granulomatous leptomenmgitis, 74
Granulomatous puhary tubercles, 15
Granulomatous parenchymatous lesions in
CNS, 78
Granulomatous thickening of chormid plexus,
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H
Haplotd mating types, 147
R

I
Heavy metals 1n ¢ry ptocaccoss, 128
Hefe, 1
Hematogenous dusemtation, 32
to brain, 76, 77
Hematovy hn-coon staw for C. neoformans,
118, 116
Hemi-pyacyanine, 136, 137
Hmnnp!)sls n pulmonary cryptococeosts, 11,

llz-nncxs vegetable juice sporulation agar for
yeasts, 157

Hepatic cryptococcoss, 86

Heptaencs, 147

Hewchlorophene, effcct on C
150

Ilexaenes, 147

infection, 118
Histoplasma capsulatum
differentiation from C. neaformans, 84
effect of ethyl vamilate, 133
effect of 2-hydroxystilbamidine, 103, 131
resemblance to € farcintmosus, 45
resemblance to T glabrata, 78
Hestoplasma farcintmosum, 45
Histoplasmosis
effect of ascosin, 139
simulated by T glabrata, 111
Historical aspects of eryptococcosts, 1
Hodghan's disease, assocrated with eryptocoe-
costs, 35, 36, §6
Horse cryptococcosts (see Equrmne cryptococ-
cosis}
Hotchkiss-McManus stain, 116, 117, 158
Huang-Laen (see Coptis chinenss)
Human menmngoencephalitis due to C neo-
formans, 8, 10, 17, 18, I8, 82, 55, 64, 73,
76, 77,78, 79
tlumerus imvohement by C neoformans, 31,

Hyaluronidase ( Wy dase, Alidase), 126, 127
142, 145, 146
effect on € neoformans, 48
1n cryp 1 142, 146

Gridley fungus stam for € 116,
117, 159

Gndley reticulum stam for C neoformans,

Guinea prg cryptococeosss, 7, 35, 114

Hyamime-1622, 135
Hyamme 10x, 135
Hydrocephalus

due to C neoformans, 19, 21, 79, 80
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n mfected mice, 112, 113
Hydropie inflammatory cells, differentiited
feom cry ptacoce, 118
Hypersensitvity 1n mycotic discase, 47, 51
Tl perthermua in cryptacoceosts, 125,
bencficil effect an cinek embryos, 125
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effect on € neoformany, 135
offect on co- xisting infection, 133
K
Kals-azar, treatment with propamidine, 130

Keratitis, cryptocnccal, 33
Khgman's modil of Hotelikiss-

catsing ok diograp
128
causing uncontrollible temperatare risc, 123
combined with alhabntzation, 127
detrimental aspects to patient, 128
effect in patients, 126
potentiation of Actidiane, 125
wath heat cabinet, 127
with typhord-paraty phoid vaceine, 127
1
Heal properties of anticry ptococeal drug, 125
Thum insolement by € nenformany, 81, 32
Immune rablnt scrum in ey pococeosts, 126
Tmynologic agents in cryptococcosts, 196
Immunology in eryptococcogs, 47, 151
agglutinin titers, 47, 4%
allergenicity of fungy, 47
antibody titers, 47, 43
complement-fiving antigen, 151
precipitia reaction, 47
preparation of smmune scrum, 47
skin hypersensitnty, 47, 51
true antigenaty, 47
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Tnctdence of cryptocaccosss, 3, 4
efiect of geographical location, 7
effect of occupation, 7
mfluence of race, 7
pubmonary form, 4
India ink exanunation of € ncoformans, 49,
94,96
Ioflammation in eryptocaccosts, 90
Internal capsule cryptococeal leston, 76
Intemal hydrocephalas caused by C neo-
formans, 19, 21, 79, 60, 80
Intracerebral jection technic in anumals,
112, 113
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i the ginea me 7
n mice, 7
Ind:dle: 8u-. eryptococcosis, 126, 127, 128, 145,

causing Lberation of fungus products, 129
deleterious effect 1n patients, 129
effect on granulomatous tissae, 128
effect on growth of C albreans, 128
fallure 1 CNS disease, 129

Tsomcotintc acid by dramde

McManns stamn, 158
locchera genus, 108, 109
Kope acid, effect on C. neoformans, 136
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Laboratory studies, in eryptococcosis, 53

alssence of eosinophihia, 91

anemia, 9

changes 1 seimentation rate, 91

leuhocytosis, 91

spinal luid exammation, 91, 94, 98

sputum examin iton, 91
LD.. in mouse,

Actdione, 138, 140

alhem, 143

Antibiotic XG, 136

ascosin, 198

bactllomy ctn, 136

g-diethvlamino cthyl fencholte, 134

candiaadin, 138, 139

candidin, 138

chlorquinaldol, 150

crculin, 136

atnnm, 137

clavien, 137

diumthazole, 134

5,7-dichloro-8-hy droxyquinaldine, 150

flusomyern, 136

fradiem, 138

fungicidhn, 138

fungistatin, 136

MRD-112, 134

Mycostatin, 138

mycoticin, 138

nystatn, 138

polvmyxn, 136

nmoctdin 138

Ro-2-3094, 129

stlbamidme, 141

streptomyan, 138

streptothnici, 138

thiolutin, 138
Lentform nucleus cryptococcal lesion 76
Leptomeningitis, due to cryptacoccus, 2
Levkerata and eryptococcosts, 35, 85
Leukocytoss, 1n cryptococcosss, 91
Lapiodal 1n cryptococcosts, 126
Lipodal granules in C neoformans, 90, 95, 96
Lipomyces hpoferus, 147
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Lipomyces starkeyt, 147
absence of growth at 37°C, 147
growth at 20°C, 147
pathogemaity, 147
simlanty to C. ncoformans, 147
Littman lver-splecn glucose blood agar, 100,
101, 103, 104, 154
@ant colony, 104
streak plate, 100, 104
Lattman Medum, 100, 101, 102, 104, 153
Littman oxgall agar, 100, 101, 102, 104, 153
gant colony, 04
strenk plate, 100
Liver biopsy, 31
Localized cryptococcal mfection, 8
diagnostic difficulties, 117
1 skn, 82
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halitis due to C. neof

n animals, 40, A1

in cat, 40

in cattle, 42

in cocker spantel, 41

in human, 10, 17, 18, 19, 19, 32, 55, 64, 73,

78,77, 78, 79
Metastatic involvement, prevention, 8
MethyJene blue 1n eryptococcosis, 126
Methyl-5-nitro-2-furcate, effect on C. neo-
formans, 150

Miliary pulmonary cryptococcosis, 14, 17, 65
Mibiary tubercles, 15, 65
Mk, as source of C rwa/amam, 2, 38, 45, 67
Mmeral concretions in tissues

differentrated from cryptococei, 119

1 bram, 80

Meni;

Lumbar puncture 1 symy
Lycopersicin, 144
Lycopersicon pimpinelliform etract, 144
effect on Candida albicns, 144
effect on C neoformans, 144
effect on dermatophytes, 144
effect on wilt-fungy, 144
Lymph node cryptococeal lesion, bovime, 43

Monkey cryy (sec Stman erypto-
coccosis)

Morphology agar for yeasts, 154

Mouse

cryptococeosis, 113
susceptibility to C. neoformans, 112
toviesty of fungicides
Actichone, 138, 140, 141
actinomycn 138

Lymphangits, epieootic, 45 alten, 145
Lymphoms, with , 33 XG, 136
M ascosin, 138, 141

M & B 693 i eryptococcosss, 126
Macrophages, effect of crypm(occi 56
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bacillomyan, 136

candieidin, 138, 189, 141
candidin, 138
hlorquinaldol, 150

Malachite green staw for
Malt extract agar, 101
Mannose, in cryptococeal polysacchende, 48
Maple pollen mn sputum, §7

Maryland enzootic i cattle, 40

awrculin, 136
autrinm, 137
claviemn, 137
diamthazole, 134

Mastitis in dary cattle, 7, 40, 42, 43 eumycm, 136
caused by d mikmg machine: . 7-dichloro-8-hydrovyquimalds 150
10 Ruvomycm, 136

chnical symptomatology, 41, 42, 42
control measures, 42
duct obstruction, 42
economue loss, 42
effect on output, 42
lymph node imvolyement, 40, 43
pulmonary imvolverent, 40, 44
sousce of infection, 42
Mayex's mucicapine stmn, 160
13, 37
Med;cal tre.nmem of cxypmcoccous, 1216

fradicin, 138
fungradin, 138, 141
fungntatin, 186
glotoxm, 137
Hemu-pyocyanine, 136
MRD-112, 134
Mycostatin, 188, 141
mycosubtiln, 136
nystatin, 138, 141
pleurctin, 187
polymyxin, 138

d 136

1 reaction in
Meninges, tissue suscepllbxhty,
Meningitis due to C neoformans, 64,72, 72,
73, 75, 81
granulomatous, 75, 81

Protoanemonin, 143
Ppurothiomn, 144
Byocyammne, 136
nmocidin, 138, 141
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stlbarmdine, 141
streptomy cin, 138
streptothricin, 138
thiolutin, 118
ustilagic and, 137
wiolscem, 136
Western red cedar extract, 144
wheat flour estract, 141
MRD-112, 134
mouse L.0w, 134
Mueicarmine-positive repal casts, 50
Mucicarmine stain for C. neoformans, 116,
17, 160
Mucopolysacchande exeretion by kidney, $0
Mucopolysacchanide test, 48
Mucor, effect of stamn, 151
Mucosal lesions, 2
Mucous membrane as source of entry, 7
wfection with C, neoformans, 82
Muluple myeloma, treatment
with propamidine, 130
with 2.hy drovystitbamidioe, 131
Musann, 138
Mycological agar, 101, 152
Mycoplal agar, 101, 152
for chromogenests in fungy, 152
Mycostatin (see Nystatin}
My cosubtitin, 136, 137
Mycoticin, 138, 148
chemical charactenstics, 143
effect on Bl :J dis, 149
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Neopynithiamine, 149
Nicotimamude, 133
Nitrofurazone (Furacn®), 135
Nitro furfuryl methyl eter, effect on C. neo-
formans, 134
Nitrogen assimilition
agar, 156
broth techauc, 107, 156
by C neoformans, 106
by yrasts, 106
Nitrogen auzanographic agar method, 108
North Amencan blastomy costs, treatment
wath peatamidine, 132
with phenamidine, 132
wath propamidine, 130, 132
with stilbamudine, 130, 132
with 2-hydroxystilbamidine, 131, 132
N'sp-nitrobenzoyl sulfanilamude, 129
Nystatin, 126, 139, 139, 141, 148
beneficual effect, 149
blood levels, 149
chemtcal charactenstics, 143
effect of blood on actiity, 143
effect on €, neoformans, 138, 139
effect of cysteme, 139
effect of fatty acids, 139
for coccrdiondomy cosis, 149
for cryptococeal menngitss, 148
for human cryptococcoss, 37, 126,139, 148
for mouse cryptococcosts, 139
fi dal action, 139

effect on € neoformans, 143
effect on Coecidioldes immatis, 148
effect on Sporotrichum schenckit, 148
from Streptomyces ruber, 148
toniaty to mce, 148
Myelin globules in sputum, 87
Myocarditis due to C necformans, 88
Myvisone, effect on C nenformans, 131
Myxomatous-lke eryptococeal masses, 25, 54,
58, 85, 66, 67,82
N
Naphthoquinones
failure to protect mice, 135
for treatment of superficial mycoses, 134
fungistatic propertics, 135
Naturally eccurning infections, 7
Necrosis in pulmonary tissur, 18
Needle biopsy for diagnesis, 62
N-batylmal jmide, 133
Neoarsphenamne, 115
Neoformans, apecics tem, 1
Neonatal cryptorix cents,
pathalagy, 80

Intravenous admipistration, 139, 149
1 vitro assay, 145
LD. in mouse, 138
oral use 1n humans, 139, 149
parenteral tovictty, 143
reversal of actmty, 139
sclerosing effect on veins, 149
serum level 1 guinea pig, 141
sptaal fnd Jevels, 143
stability, 143
tetraene, 147
toxicty for animals, 138, 141
toxserty for humans, 139, 148, 149
o
Oculir eryptococcosss
1n cercbral cryptococcosis, 18, 19
in human, 19, 35, 64, 85
in rabbit, 115
Optic nerve, mvasion by C neoformans, 20,
34

Osseous cryptococeosis {see Cryptococcosis of
bor

e
Osteomyelitus, aryptococeal, 29, 31, 32, 33
of humerus, 31, 32
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Lipomyces starkeyi, 147
absence of growth at 37°C, 147
growth at 20°C, 147
pathogenicity, 147
simlanty to C neoformans, 147
Littman liver-spleen glucose blood agar, 100,
101, 103, 104, 154
giant colony, 104
streak plate, 100, 104
Littman Medwum, 100, 101, 102, 104, 153
Lattman oxgall agas, 100, 101, 102, 104, 153
guant colony, 104
streak plate, 100
Luver biopsy, 34
Localized eryptococeal fnfection, 8
diagnostre difficulties, 117
in skm, 82
Lumbar puncture in symptomatic treatment,
148

Lycopersicin, 144
Lycopersicon pimpinclliform extract, 144
effect on Candida albicans, 141
effect on C neoformans, 144
effect on dermatophytes, 144
effect on wilt-fungs, 144
Lymph node cryptococcal leston, bovine, 43
Lymphangitss, epizootic, 45
Lymph
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ingoencephalitis due to C. neof
in animals, 40, 41
in cat, 40
m cattle, 42
in cocker spanicl, 41
in human, 10, 17, 18, 19, 19, 82, 55, 64, 73,
76,77,78,79
Metastatic involement, prevention, 8
Methylene blue in cryptococcosis, 126
Methyl-5-nitro-2-furcate, effect on C neo-
formans, 150
Mbary pulmonary cryptococeosss, 14, 17, 65
Milary tuberclcs, 15, 65
Milk, as source of C neoformans, 2, 88, 45, 67
Mineral concretions 1n tissues
differentiated from cryptococer, 119
in bram, 80
Monkey eryptococcosis (see Simun erypto-
coceosis
Morphology agar for yeasts, 154
Mouse
¢ryptococcoss, 113
susceptibility to €. neoformans, 112
tovieity of fungiaides
Actidione, 138, 140, 141
actimomycin, 138
albicin, 145
Antib XG, 138

N d with eryp , 35

M

M & B 693 in eryptococcoss, 128
Macrophages, effect of eryptococct, 56
Malachite green stawn for ascospores, 103
Malt extract agar, 101
Mannose, m cryptococeal polysaccharide, 48
Maple pollen i sputum, 97
Maryland enzootic 1 cattle, 40
Mastitis in dawy cattle, 7, 40, 42, 43

caused by contarmnated milling machines,

40

chnical symptomatology, 41, 42, 42

control measures, 42

duct obstruction, 42

economuc loss, 42

effect on output, 42

Iymph node involvement, 40, 43

pulmonary mvolvement, 40, 44

source of infection, 42
Mayer’s mucicarmine stam, 160

d pulmonary cryp ,18, 87
Medical treatment of eryptococcosis, 126
Memngeal reaction in cryptococcosis, 71
Meninges, tissue susceptibihty, 8
Memmgitis due ta C. neoformans, 64, 71, 72,
73, 75, 81
granulomatous, 75, 81

ascosin, 138, 141
bacillomycin, 136
candicidin, 138, 189, 141
candidin, 138
chlorquinaldol, 150
cireukn, 136
citnmn, 137

claviein, 137
diamthazole, 134
cumycn, 136
5,7-dichloro-8-hydroxyquinaldine, 150
flavomycrn, 136
fradicin, 138
fungacadin, 138, 141
fungistaten, 136
ghotoxin, 137
hemt-pyocyanime, 136
MRD-112, 134
Myecostatm, 138, 141
mycosubtilin, 136
nystatin, 138, 141
pleurotin, 187
polymyxn, 136
prodigtosin, 136
protoancmonm, 143
purothionm, 144
pyocyamme, 136
nmocidin, 138, 141
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stltamidine, 141 Neopynthuamine, 149

streptomyemn, 18% Nicotinamde, 133

sweptothricin, 133 Nurofurazone {Furacin®), 133

thiolutin, 138 Nitro furfury I methy! ether, effect on C. nco-

ustlagic acid, 137 formans, 134

viclacein, 138 Nitrogen assumlaton

Western red cedar extract, ¥ agar, 156

wheat flour extract, 14¢ broth technse, 107, 156
MRD-12, 138 Ly C, neoformans, we

mouse LD, 134 by yeasts, 106

Auclcarmime-positiy e tenal casts, 50 Nitrogen auvanogsaphic agar method, 108
\fucrcanmiae stain fot C. ncofarmans, 118, Narth American blistomycosts, treatinent

117, 160 with pentanndine, 132

. St with phenamidine, 132

. with propamidne, 130, 132
. with stilbamidine, 130, 132
Mucowad fesions, 29 vath 2 hydrogystibarmdine, 138, 132

Mucous membrane as source of entry, 7 N rrnl(mbcnzoyl sulfandamzde, 129

indecton with C, neoformans, 82 Nystatin, 126, 139, 189, 141, 148
Muluple myelama, treatment benefical effect, 149

with propamidine, 130 blood kevels, 149

with 2y droxy stilbamidine, 131 chenucal charactenstics, 148
Musann, 138 ffect of blood on actisty, 143
Myeological agar, 101, 152 effect on C neoformant, 135, 139
Mycophut agar, 101, 152 effect of cysteme, 139

Tor chromogenes:s in fungi, 152 effect of fatty acids, 139
Mycostatin {see Nystatin) for coccrduodomycosis, 149
Mycosubtilin, 138, 137 for eryptococcal meningtis, 148
Mycoticn, 139, 143 for buman cryptococcosis, 37, 126, 139, 148

chemical charactenstics, 148 for mouse cry ptococeoss, 139

effect on Blastomyces dermatitidis, 148 fungrrdat action, 139

eBect on € neoformans, 148 mtrasenous administration, 139, 149

effect on Coccldiotdes tmmites, 148 10 v1tro assay, 149

elfect on Sporotrichum schencki, 148 LDs 1y mouse, 138

from Streptomyces ruber, 14% oral usé 1 humans, 139, 148

toxicty to mrce, 149 parenteral touicity, 148
Myelia globules in sputum, 87 reversal of activity, 139
Myocarditis due to C. nooformans, 85 sclecosing effect on vems, 149
Myvione, effet on C. aeoformans, 134 serurs :lv\;l)m x{’m;::rgr ul
Myxomatous-bke spinat And levels,

ey “’G;?Bpelmml masses, 25, 54, by, 145
tetracne, 147
N toxeity for smmals, 138, 141

Naphthoqunnnes tovicity for humans, 139, 148, 149

fallure to protect mice, 135 a

for treatinent of superfiial mycoses, 134

hungistahe propetties, 134 - Dcular cryptococcosts
Naturally eccurming smfections, 7 in cerebral eryptococcosis, 18, 1w
Wecross ta pubmonry tissue, s n hu;;z‘lxjss, 35, 64,85
N . i rabln!
hﬁ:&’ﬁfﬂfz d,‘ié“”‘“- a2 Optc e, amaon by C necformans, 20,

Neoassphenamne, 135
Neoformans, species teym, 1

Newmatal eryptocoscosi
p.ilhchg‘;’? 80 s 8

Qaseons eryptococeosis (see Cryptococeosis of

ne
Osteomyelits, cryptocace, 28, 32, 32, 33
of humers, 31, 32
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Overduagnosis, 115, 117, 118, 118, 119
(see also Russell bodies, Mineral concre-
tions)
Oxophenarsine hydrochlonde, 126
Oxygen requirement of C. neoformans, 108

P

Papilledema

11 CNS eryptococcosts, 18

in menmmgoencephalitis, 19
Tara-aminobenzoic acid, 135
Para-aminobippuric acid, 135
Para-ammosalicylic acid, 126
Para-hydroxybenzoic acid esters, 133

effect on C neoformans, 133

mhibitory to Candida, 133

touaty, 133
Para-hydroxymethyl benzoate, 133
Para-mtrobenzoc acid, 135
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ranty of necrosis, 54
sarcold pattern, 56, 57, 60
tissue caseation, 56
types of lestons, 61
vanation 1n cellular sesponse, 53
vanation m tissue reaction, 56
Peaches, tsolation of € neoformans, 6
source of Saccharomyces neoformans, 1, 2
Pelargonic acid, 134
Pelvis involvement, 31
Pencilhc acid, effect on € neoformans, 138
Pentaillin in cryptococcosss, 126, 127, 136
effect on C neoformans, 136
Perucillin G, effect on C neoformans, 136
Pemcillin K, cffect on € necformans, 136
Pemcillium citrintem, 137
Pentaencs, 147
Pentanndine, 132
Penbronchial infiltration, 14, 15
Penodic aard-Schif staw, 116, 117, 158

effect on C. neof
Pathagenesis of cryptacoccosts, 38, 39
Pathogematy of C neoformans, 111
Pathology of cryptococcosis, 53-90
abscess formation, 54
absence of caseation necrosis, 54, 70
absence of humoral response, 53
absence of pseudoepitheliomatous hyper-
plasia, 60
calaification, 61
cavitation, 54
concretions in caleified lesions, 61
fibrovaseular probferation, 58

5, 7,45

inflammatory response, 5%
influence of age, race and sex, 61
snfluence of lymphoma, 61

myxomata like lesions, 25, 54, 58

of adrenals, 86, 87, 89

of bone, 87, 88

of bone marrow, 89

of brain, i encephalitis, 7.4

of bram, 1n meningitis, 71

of bram, 1n space occupymg granuloma, 82
of eye, 87

of kidney, 86, 88

of lver, 86, 8%

of lungs, 64

of skin and mucous membrane, 82

of soft tissues, 82

of spleen, 87, 89

Pnlymorpl\nnuclcar reaction, 54

polyp-like lesions, 54

ranty of fibrous encapsulation, 80

P Lur extension 1 bram, 55
pH, optimal for fung, 127
Phalan imolvement with C neoformans, 28
Pharyngeal structures as source of entry, T
Phenamidine, 182
Phenazine di-N-oude, 135
Phenothiazine, 185
Physical agents in cryptococcosis, 125, 126
] properties of C 105

Pigeons
excreta, as source of C. neaformans, 7
nests, 7
relation to © neoformans, 7

Pitfalls m spinal fluid examimation, 99

Putyrosporum genus, 108, 109

Plant extracts effective against C neaformans
buttercup cxiract, 143
Coptis chinensis extract, 144
garhe clove extract, 144
Plumbage europa extract, 144
Spanish moss extract, 144
tomato extract, 144
Western red cedar estract, 144
wheat flour extract, 144

Pleural effusion, 11

Pleural granuloma, 11

Pleural reaction, 10

Pleural thickening, 14

Pleuntis 1n cryptococcosis, 69

Pleurotin, eflect on C neoformans, 136, 137
mouse toxicity, 137

Pleurotus griscus, 137

Plumbago europa, 144

Preumonectomy for cryptacoccosts, 122, 123

Pneumonttis, 5

relation to pigeon manure, 7
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Tolarization of hght, effect on € nepjormans,

Polyere reaction, 147

Polyenes, 147

Polymytn
wn eryptacoceal memingitis, 137, 142, 148
in cptecoceoss, 126, 127, 136, 142, 145,

motse LD,., 136
synergistic action with Actidione, 142
Foraine cryptoroccosss, 33
Portal of entry of C. neoformans
gastro-mtestinal tract, 6, 34, 39, 39, 151
mucous membrane, 7
pharyngeal structures, 7
Tespuratary teact, 7, 8
skin, 7
Potassium mitrate assimtlation
of €. neoformans, ¥
of €, neaformans var innacuous, 106
medum, 156
Precipiin reaction mn cryptococcosis, 48
Pregls sodme solution, 156
Primary oculation cryptocaceos
Prndlgmsm m ery ptococcosts, L.S 136, 177,

m crypmocml menmgitis, 137

mouse tovcity, 136
Promin in cryptococcosss, 126
Protoanemonn

chermeal nature, 143

effect on C ncoformans, 143

for cryptococeal meningatss, 143

for osseous cryplococcosss, 143

mause totteity, 143

source, 143

toucity m humaus, 143
Propamidine, 130, 182, 133

efect on € neoformans, 132

falure th protect mice, 132

Sor treatment of kols-azar, 130

for treatment of multiple myeloma 130
Protoanemonin m cryptococcosis, 126, 136,

143

effect on C necformans, 136
mouse toucity, 143
Psewdomethy? acetylacrylate, effect on €
neoformans, 159
Pseudomonas aeruginove, 136
Pseudomycelum 1n C_neoformans
in culture, 95, 95, 98
N Ussue, 87
Pulmonary caleification, 63
Pulmonary consohdaton, 14, 18, 66
Pulmonary cryptococeosis {see Cryptococcosis
of lung)
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Pulmonary resection for cryptococcosts, 122
Punfied agar, 107
Purothionm, 144
mouse toucity, 144
Pyocyanne, 136, 137
Pynbenzamine, 125, 133
effect on C. neofarmans, 135
Pynudine for complement-frng antigen, 151
Pynaudine, 135
Pynthamne, 149

Q

Quellung reaction with G neoformans, 49, 50,
L]

Qumnacrine
effect on C. neoformane, 135
serum concentration, 133
Quinne, 135

R

Rabbit cryptococcosis, 1§
Rabbt, susceptibility to © neoformans, 114
susceptibibity, anterior chamber, 114, 115
Racial differences i cryptococcoss, 7
Raduologic characterastics of pulmonary form
(see Cryptococeosis of hungs)
Radws invoh ement with © neoformany, 32
Rapunculaceae plant evtracts, 143
Rat, susceptibibity to € neoformans, 113
Relation of pneumonitts ta pigeon manure, 7
Remission (see Spontaneous remission in
ervptocoecoss)
Renal cryptococeasts, 17, 34, §6, 90, 9%
excretion of cryptococeal polysucchande,
20

Reproduction 1 yeasts, 103

Resorcinol, 135

Resptratory tract as portal of entry of C neo-
formans, 7

Reticulum structure, effect of cryptocaecosts,
70

Retinal wavasion, 64, 85
Hheumatic heart disease, due to € neo-
Jormans, 151
Rhinehant-&hul-Hay stamm, 117
(see ala Acid mucogalysacchande stain)
Rlunosporidium secberi, mucicarmne stam,
uz

Rhuzactansa factor, 187
Rhodotorula genns, 108, 100
Rhodotorula ghatinis, 108
Rhodotorulodeae subfaraly, 108, 109
Runocidin, 138, 141, 147

mouse LD, 138

tovicity, 138, 141
Rodent cryptocaccosss, 112, 113, 113
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Rodent ulcer-like granuloma, due to C neo-
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Saccharomyces hominis, 111

formans, 27 Sn/:cl'ammyce: hthogenes, 110
R diagnosis in pull oc- 1y of , 1, 110
cosis (see Cryptococcosis of lungs) h Y m Actid:
Roentgen therapy in cryptococeosts, 125, 126, assay, 140

127, 128
effect on CNS lesions, 128
effect on C neoformans, 128
effect on cutaneous lesions, 128
effect on nasopharyngeal lestons, 128
effect on pulmonary lestons, 125
favorable results, 128
Roentgenograms
caleificatson, 16
caseation necrosis, 14
mvltnhon, 14, 15,18
from other puln
eases, 15
difftuse mfiltration, 14
fibrosis, 14, 16
mportant radiwlogic charactenstics, 16
mibary lestons, 14
of bones and jomnts, 28, 31, 32, 33, 35
dfferentration from other mycoses, 34
radwlogic charactenstics, 84
of humerus, 31, 32
of 1schium, 33
of lung 1n cryptococcosss, 10, 11, 12, 13,
14,16,17, 18
of phalans, 28
of radws, 32
of skull, 21
of tibia, 33
of tibial tubercle, 33
perbronchual infiltration, 14
ranty of comn lesions, 15
solitary infiltration, 13
RO-2-3094, 129
mouse L., 129
Russell bodues, 115, 118, 119
Rutin, reversing effect on tomatin, 144

S

Sabouraud dextrose agar, 101, 152

appearance of C neoformans, 100, 104

appearance of C neaformans ar snnocu-

ous, 104

effect of thtamine, 152

formula, 152

for stock cultures, 152

Incorporation of antibiotics, 152
Saccharomyces,
Saccharomyces blanchard:, 1t
Saccharomyces brewen, 111
Saccharomyces cerevseae, effect of com-

pound P-504, 134

y dis-

Saccharomyces plimmerd, 111
. b

y

Saccharomycosis homms, 1

Sarcord-ike pattern 1 cryptococeosis, 56, 57,
69

&

36

relation to cryp
srmilanity to cryptococcoss, 17, 60

Schiff's reagent, 158

Sectonng of C. neoformans coleny, 104

Serolegic grouping of C. neoformans, 47, 49

Serratia marcescens, 141

Silver mercaptoacety! sulfathiazole, 129

Silver natrate stan,

Simian cryptococcosis, 38, 39

Siosteran, 150

8-cyano-2-methovy-9-

ssopropylaminopropylaminoacridine, 135

8-methoxy-8-1sopropyl-ammo-

pentylaminaquinoline, 185

thow-8. ol 1

6.

P
quinoline, 135
6.phenyl-5,6-dihydrouracil, 135
Skin, habitat for cryptococc, 6
as portal of entry, 7
Skin hypersensitivity m mycotic disease, 47, 51
m cryptococeosts, 51
Skin test m cryptococeosss, 51, 52
with boiled extract, 51
with broth filtrate, 51
with HCL treated suspensions, 52
with saline suspensians, 51
with torulm, 52
Smallpox-lik
P
27
Sodmm bicarbonate, 126, 127
Sodmm bismuth mercaptoacetyl sulfathuazole,
129

1 lestons,

TYP

dam-5-sulfanlamid halene-1

sulfonate, 129 i
sodm p,p'dramnodiphlenylsulfone-N,N'-
didextrose sulfonate {Promin®), 135
Sodwm sulfanilyl.sulfanilate, 199
Sodwm thiosulfate m cryptococcosts, 126
Sodum-2-sulfamlamido benzoate, 120
Soil, source of G neoformans, 7
Soluble eryptococeal antigen, 48, 50
1 blood, 48
1n humans, 48
1 mice, 50
in spmal fuid, 48
1n arme, 50
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Source of fnfection of C ncoformans, 8
Space-occupying pranulonsa, 1n brain, 82
Sparish moss, 144

(sce also Tillandsia usneordes)

Streptomyces fradae, 138
Streptomyces grseus, 138, 139, 141
Steeptomyces lavendulae, 138
Streptomyces nourses, 138, 139, 141
nmosus, IGE 141

Spinal flwd, in CNS ery 91, 92,
9%
chemical chinges, 92
dynamues, 20
method of examinahon, 96
physical changes, 91
Splenic eryptococcosts, 87, 89
Spontancous Infection i animals, 38, 39, 40
arr-botne Infection, 39
alimentary tract, 39, 39, 40
factal lesions, 38, 39
nenvous system ins ol ement, 40, 40
pulmonary imohement, 39

sm-,uom yees rubes, 139, 148
source of mycoticmn, 148
Streptomyces sp , 188
Streptomyces aindoflarus, 138
Streptomycin 1n cryptococeosis, 126, 127, 136,
138

effect on C neoformans, 136, 139
mouse LDsw,
tovcity, 138
Streptothricin, 138
mouse LDw, 138
toviaity, 138

remission In cryp , 19,
121, 123, 125
Sporotrichum schencki
effect of mycotiern, 148
effect of propamdine, 130
mucicarmine stan, 117
Sporulation agar for yeasts, 157
Sputum evamination, m cryptococcosts, 16,
91, 96, 97
artefacts, 97
diagnosus, 16, 51, 86
Starch production by C neoformans, 107
culture medim, 157
Stbophen (Fuadin®), 185
Stilbamidine, 126, 128, 130, 131, 132, 140,
41

failure with cry ptococeal-infected mice, 132
for pulmonary blastomy costs m muce, 130
for treatment of kala-azar, 130
for treatment of multiple myeloma, 130
mode of admimistration, 131
mouse LDuw, 141
pharmacology, 181
serum level in guimea pig, 140, 141
structural formula, 131
tovicty, 130, 141

Stxawl.)ferry-hke cryptococeal lesions of skin,

2

Streak plate method for assimdation teses, 207
Streptodornase in cryptococcosts, 126, 197,
142, 143, 148

1n cryptocoecal meningubs, 142, 146
Streptokinase, 145
Streptomyces (WC 3569), 138
Streptomyces albus, 138
Streptomyces antibioticus, 138
Streptomyces canescus, 138, 139, 141
Streptomyces cellulosae, 138, 147

source of fungichromm, 147

lestons, 25
Subpleural granu]omz. 8,9, 11, 53, 60, 61,
64, 63
pathology, 68
Subtilin, eflect on € necformans,
Sulfadiazine m cryptococrosis, we 1“7 129,
130, 145

blnod levels, 130
curative effect, 130
spinal flurd level, 130
Sulfamerazine 1n cryptococeosis, 126, 129
effect of blood on actrty, 129
Sulfamlamde n eryptococcosis, 126, 129, 130
blood levels, 130
Sulfanilamido-acetic acid, 129
Sulfapyndine m cryptococeoss, 126, 150
blood levels, 130
spinal flud level, 130
Sulfathiazole m cryptococcosts, 126, 129
Sulfonamides i cryptococcosts, 126, 129, 130,
16
in-vitro resistance of C neoformans, 129
leukopente effect, 130
Summary of treatment, 146
Surgical treatment of eryptococcosts, 20, 21,
121
“cure,” 21
of cerebral form, 20
of asseus cryptacaceosss, 3
Susceptibility to eryptococcosis, 7
race differences, 7
Symptomatic treatment, 146
lumbar puncture, 146
of ambulatory patient, 146
of hospitalized patient, 146
opuates, 146
Symptomatology, mashtis of cattle, 41, 42,

Synkarnin, effect on C neoformans, 150
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Synonymy of C ncoformans, 3, 110
Synthetic agar for extracellular starch, 157
T

Temperature of experimental ammals, 195,
o
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Torulopsis homints var. hondurigna, 111
Torulopss hogenes, 111

Torulopsts neoformans, 110

Torulopsis neoformans, var shepper, 111
Torulopsis plimmeri, 111

Torulosis, 1

p tolerance of € neof var.  Tozoplh gondii snfection, nusclassified, 80
Innocuous, 104 Transmnston of cry ptococcosss, 7
Terramycin in cryptococcosis, 126, 136 Treatment of cryptococeosis (see Cryptocoe-
Testreular cryptococeosis, 89 cosis, treatment)
Thiamn fn Cryptococcosts, 126 Trichoderma, 137
cftect on € neoformans, 100, 149 Trichoderma viride, 137
Thiocarbamate derivatives, 134 Trchosporoideae subfamily, 108, 100
cffect on € neoformans, 184 Trichosporon cutanctm, 108
fatlure to protect mice, 134 Trichosporon genns, 108, 109
Thiocarbamyl hydrazine, 134 Trichotheen, 137
effcct on C. neoformans, 134 Trichothecwm roveum, 137
Thiolutin, 138 . ‘ Tttt
mouse LDy, 138
touaty, 138 N
Th b effect on C. neof » 2-bromo-l-methovy-2-nitro-1-pheny]|

133
Thiourea derivatives, 134
effect on € neoformans, 134
Thoracentesis 1n cryptacoceosss, 12
for thagnosss, 12
3 5'-dibromosulfamlamhde, 129
3.phenyl hydantam, 135
Thuja pheata, 144
Thymo! in esyptocotcosss, 128
Tibial mvolement due to € neoformans, 33
Tibione, effect on C neoformans, 134
Tdlandsie usnemdes, 144
Thssue artefacts, 117
Tussue response n amumals, 40, 40, 41
Toluidine blue stan for C neoformans, 99,
116
Tomatm, 114
reversing effect of rutim, 144
Tomatine, 144
Tomato extracts, 144
effect on C albicans, 144
Torula histolytica, 1, 2, 111
Torula klein, 111
Torula nasalis, 111
Torula neoformans, 110
Torula plhmmerf, 111
Torubn for shmn test, 52
Torulopsy brewert, 111
Tornlopsts costantem, 111
Torulopsis genus, 108, 109
Torulapss glabrata, 111
from human sources, 111
simmlating histoplasmosis, 1
Torulopsts histolytica, 111
Torulopsis homuts, 111

P i

134
2.(drmethy Liminomethy 1)-1-naphthel by dro-
chloride, 135
24.diamino-5.p-chlorophen 1.6-
ethylpynmidine, (sce Darapnm)
2 hydrovysiilbamidine, 126, 128, 130, 131,
132, 146
effect on B dermatttichs, 131, 132
effect on H copsulatum, 131
for eryptococcosts, 126, 128, 130, 132, 146
for multiple myeloma, 130
for North Amencan blastomycosts, 181
pharmacology, 181
touaity, 131
2.me tamlamudo-5-chloropynmdine, 135
hyl-5-hydrovy-1 A-naphthoq
2,3-dichtora-1.4-naphthogmnone, 134
Typhod-paratyphoid vacemne, 126, 127, 145
Tyroadn, 126, 136
eflcct on C neoformans, 136
m cryptococeosts, 126, 136

v

Ultra wiolet rdiatton 1 eryptococcosts, 126
Undecyleme aaid, 109
Urcase formation by C neoformans, 103
Unine culture, ta cryptococcoss, 92, 93, 151
dagnostic potentiahties, 34
Urome acid, m cryptocaccal polysacchande,
48

Ustilagic acid, 137
mause touoty, 137

Ustilugo zeae, 137

Uneal tract of eye, cryptococcal losion, 35



INDFX
v
Vacone therapy in un ptococcosss, 126, 145,
146

desensitization procedure, 145

in eryptococcal meningtis, 115

in oseons eryptococcosss, 145

routes of adminustration, 145

skin reactions 1n cry ptococeal menmngits,
45

Vacuolzation n tissues, 57

Vanithtazone, effect on C, neoformans, 104

Ventricular dilation §n cryptococcosis, 21, 79,
80, 80

Vertebral imvoly ement in eryptococcosts, 31

Violicem, 136, 137

Vindm, 187

Virulence of C. ncoformans, 111

enhancement by scnal passage, 111

W
Washed agar, 107, 155
Western 1ed cedar extract, 141
monsc tovieity, 144
Wheat flour extract, 144
mouse tovaity, 144
Wisconsin enzootic 1n cattle, 42

X
X-ray therapy {see Rnentgen therapy)
Aylose, in cryptococcal polysacchande, 48

Y
Yeast carbon base, 156
Yeast morphology agar, 101, 154
Yeast nitrogen base, 155









