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Ppolysaccharides responsible for immunological changes was 1solated from
trichophy tons and blastomy cetes, the mechamisms of immuntty are not yet
clanfied to the same degree as they are in many bactenal mfections such as
tetanus, diphtheria and botulsm  In the latter group, the exotowns are
the agents of the disease, and recovery 1s due to the action of antibodies
No similar advance has yet been made 1 my cology ‘The treatment of
‘superﬁcml mycoses with fatty aads sigmifies a considerable step forward,
VD e a [

tion of this problem
Neither the mode of transmussion of the superficial mycoses nor theyr
prevention 1s fully understood, wherezs the prevention of plant mycoses
has been suttably accomplished Prophylactic vacemation, if perfected,
would be just as desirable agamst fungus diseases as it 1s against diphtheria,
tetanus, and smallpox
Wiile little difficulty 15 encountered 1n the diagnosis of deep mycoses,
we are still lagging behind 1n the cure of most of these diseases Pemcillin
appears to be a valuable drug in the treatment of actinomycosis, just as
Y Lo 4 amda

cnn ant teantemant with

culosis  Only In recent years has 1t been recognized that pulmonary cal
afication may be the result of mnfections other than tuberculosts, namely
o~ € and Ao

the 1. of pl nor has an explapation been
offered as to why certain apparently healthy individuals react strongly to
histoplasmun  The cross-react:on to blastomycin also awaits further clanifi-
0n
catl'(;lese are only a few of the many biological and therapeutic compleuties
with which we are confronted and which provide an ympetus and chaflenge
for further imestigations I am fully convinced that we are entenng a
' =t tomsce Al those concerned must recog
n this country 1n mycological re-
3 to even greater advances This
rpose 1f 1t provides 2 shimulus to

new ideas 1n the solution of many problems .
T wash to express my gratitude to The New Yotk Academy of Sciences,

‘Thomas
nd particalatly to ats able Executive Director, Mrs Eunce
;‘\Imefafor having organized this program so efficently and for malung pub-
lxcauo’n of this monograph possible I wish also to thank all the part:
cipants for thewr kind support, whch 15 the augury of success
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two or more orgamsms Leotated from different €ases of o ctimeally similar
disease We need better clinica descnption and &ifferentiation correlate
f

a

study of the organisms When & careful correlationt of chmcal ypes 2N

fungt isolated »as made each organism™ was found 10 be assocated with 2
13

distinct chmical type The field of therapeusts and possible development of
antibioties ® 1 only be menuoned asat will be treated much more fully
1 later papers
e need more app(ecmucm of the relations of Vitamm? nutnuon and the
actvity of the endocring Y stems of the hosts especm\ly mthe field of derm?
tology Although 2t en long recos™ e that changes 1 the endocnin®
syste uberty P oduce €0 spondi® changes (Greenwo
and Swartz outhined sW study to me® prnate comersations & quarter
of a century o) U™ fully teenty yea(s\;ei cearchalo! glhesc\mes
entirely ¥ pendent how changes B T Jevelope!
promisin! new treatm atswathfatty aads ch esearcb\ssu“ sn an €atty
stage e can €¥PE i ant de Jopr ng these Woes
A\ hle Gua! a 3-1942, 1 had an OP) ity to rye many
cases of 3 ¥ rm\achmmm mostly O the 4 portions (face o). and
forearm d sometimes also on th Jegs) a1 males Quite
regularly fro ery shght ¢ T rirally depigmen! areasy
1 weolated Hommdcndrum fmua)nmlt» Langeron OF closeh: relate
specit por! d Tontoyno! ¢ geatt (192 ) from smilat
dusease hodt pot: Afadagased? Qccask pally 18150 ssolated the same
organis™ m scales not acco! ed by the part achron and
was Jnclmed 10 consider the Horm endr phyt Shortly
pefore 1 Jeft Guatemt am dical {nend treat d lns soP for scende
testis e ths 1had observed paracterstic
e of the parud’ achr ythin two ¥ frer the treatments
caling disappeare d the D mentatio! wholly 0! 1 After
s obs tion th father 2! pla med to ¢ setected cases
in the ool chnics o see whe here ™ te retation petneed
the partal @ ro od ¢ ad: Unfortonately it w38
1 the he nt of the hmanne activt the C bbe: shich had com
etels pt merce o1 he War Departm as utihzing the
total fres capaaity the aurhne ere pract cally no supply of
the hor n the co¥ ary 1 4 to retur ortly aft ard and the
matter was opped tho’ our arnving t 3l s:mshc\o conct gs1on
While 10 emal 1eo hod he & fortune 103 dy several ¢
of a disease closely esembbing \f not 14 atical with ohelan 10 & small
area alond the 10X een e Aptlan 2 3 Tatutal Jisease had
een smdled by Herrerd Solis (1932) nd & recent singl case Va5
oa and Conant (1940) Frequently Eudodemxaph)vnn

already
reported BY Fgue!
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most of the time  Had the nervous excitement of the salor so altered the
outer layer of the shin that the fungus had found conditrons for mvasion
and growth more favorable?

We need more study of the saprophytic phase in the hfe cycles of patho
genic fungt  Where does the fungus vegetate between human cases®  Are
there subclincal cases which heep the organmsm going between the severer,
recogmzed cases® How are the orgamsms transmutted? These are some
of the questions which need prompt solution  Yet, evcept 1n the case of
the dermrtophytes we have very httle information, and even with the
dermatophy tes there 15 much more to be learned

Finally we need more hic studies, mcluding the phytic
as well as the parasitic species ;m the groups concerned, embmcmg lhe
morphology, cytology, and physiology, especually 1n the imperfect yeasts
and the groups with dark colored mycelum, such as the Dematium Hormo
dendrum series
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normal mouths No correlation was found between the presence of €
albicans and dental canies or diseases of the gums  Up to date no practical
method has been presented for evaluating properly this occasionally path
ogenic, but often apprently nomnjurious, fungus m sputum from umdent:
fied pulmonary disetse

There are four deep mycoses of public health interest which will be
discussed here 1 some detail, with emphasis on their geographic distribu-
tion, their natural hatatat, their mode of transmussion, and their mede of
infection  The first 1s actinomycosts, the common type of which, caused
by the anacrobic letinomyces bous, 1s world wide 1n distnibution am’i doubt-
less 1s the most common of the deep mjycoses

N N fAcen ot oAl LTt omo

using aerobic methods for cultivation, 1solated an aerobuc species, probably
a Streptomyces, which he erroneously described as A bouss  This wsolate
. [ N S .

1solated 1rom OULSIUE U1€ LUILAN GF dDLNAL DOAY, and probably, do not
thrne ordinanly 1n the outside world because of their inabibty to grow at
low temperatures their need for reduced oxygen tension and therr kack of

spores.

The claim that Bostroem’s organism caused actinomycosis was partly
responstble for the belief that actinomycos:s 1s pnmanly a disease of rural
groups transmitted exther by contact with infected ammals or by traumaty
zation with infected grasses straws, or grains  Davis? examined 46 new
cases with regard to thuis belef, and found that, 1 genera), rural workers
were no more susceptible to infection than urban mdividuals  Of the
46 cases only 15 were farmers with but 3 having a history of chewing
grasses  In addition n:) definite 1nstance has been recorded where the

<pu;snbl: for this conditton, true actinomycetes were also present  Never
theless no case of actinomycosis 1 man has been demonstrated as resulting
from the ingestion of such infected food Baracz™ and McKenty™ reported
cases of possible transmission of the disease from man to man, but the
evidence 15 not very (onvincing

The early studies of Wnght® and Lord" 1 demonstrated that 4 bous
may be found 1n carious teeth Lord also 1solated the orgamsm from
tonsillar crypts of patients without actmomycosis, work later confirmed
by Emmons'® and by Slack ¥ The potentially pathogemic 4 botts may
thus occur 1 small numbers as part of the flora of the normal mouth and,
together with the lactobacilli and the oral spirochetes, make the oral and
pharyngeal mucous membranes its natural habitat
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The method whereby this fungus becomes transformed intoa destructive
parasite 1n adjacent or remote tissues 15 shll a matter of conjecture  Local
trauma, although possibly contnbutory, 1s not the mam causatwve factor,
as mndicated by the relatie mfrequency of the nfection mn man It 1s
mteresting o note, however, that a hustory of tooth extraction of an mjury
to the mouth has been recorded 1n cervico facial actmomy cosis,'® and that
nstances of actmomycosis mn the hand have followed punctures of the

Lot b- ome 1 4 a T .

2

ease about the jaws and neck, the root canal of the tooth bemng the channel
of infection #

Fmally, ">+ ' '+ 7
such caleul . L
omycosis " . . '
supragingival and subgingival calculus and salnary duct stones—always
contain 2 stroma of Acftomyces and Leplotrichia vegetations, with typical
act ycotic clubs d He 1solated anaerobic
strains repeatedly from the calcul, and succeeded tn producing concretions
m utrg with pure cultures  The theory has therefore been proposed that
caleulus 15 produced by the actity of Acinomyces and to some extent
by Leptotrichia, both of which induce the precipitation of salts from the

that fragments of such calculus may become detached from the teeth,
and on becoming impacted 1 tissve, mmtate progressive actinomycosis
Although there 15 no direct evidence for this view, 1t 1s logical, especially
s nce Slach!” and Rosebury ef al * succeeded in producing progressive actm-
omycons expenmentally 10 anirmals nath steains of 4 bous ssolated from
- Tl - ex
nvolved therem, 1s sporotrichosis, first recognized by Schench” m this
country m 1898, and shortly afternards by De Beurmann in France
1t has since been reported from all the continents, although a preponderance
of the reported cases stem from Irance, the Umted States, and South
Amenca  There 15 some Indicationt of an enderic tendency, since five
sixths of the 57 cases cited by Ruediger™ were from the Missoun Valley,
and 130 out of the 148 cited by Foerster® were from the Mississipp: Ris e
bisin, prmarniy, certain localities mn the Dakotas, Nebraska Wisconsun,
Ransas, and Missoun  Thus distribution may suggest a preference of the
fungus for certam types of vegetation and for particular chmatic conditions
Of 18 cases described by Foerster,® 14 were employees of a tree nursery,
and at least 10 undoubtedly acquired the mfection by triumatization with
the thoms of the barberry shrub, prmanly the Japanese batberry, Berbens
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thunbergrn In two of these cases, barberry thorns were removed from the
primary lesions after suppuration had started, in 6, deeply embedded bar
berry thorns had been removed from a few days to two weeks prior to the
. e v A A

the barberry seemed to be the source of infectton VWakefield observed

flonsts  The 2ungus was also obtained from timbers of 2 mine n South
Africa, and from the miners exposed to this maternal® These and the
- NN

to comvey the disease to humans :
Benham and Kesten® described the saprophy tic growth of the fungus on
expenmentally mnoculated barberry thorns and i carnation buds, and
<howed that the fungus retained its virulence for ammals after a bnef
saprophy tic Life on plants
Sporotrichosis has also been reported in lower ammals % appearing spon-
taneously 1n horses and hivestock in certam parts of the United States
However, the relatine absence of the disease among the veteninanans and
workers 1n the areas where equine sporotrichosis 1s commen indicates
the ummportance of this channel of contact Ruediger®® reported one
RIS -2 _a B .

PR RN

The third mycosis of nterest here 15 cocadioidomycosis  Onginally,
this disease was behieved to be limted to the Chaco region of Argentina®t
and to the San Joaguin Valley m California ¢ but recent work by Phillips,#
Smuth,® and others**% has shown the fungus to be present throughout
- a- o uthern Utah, Anzona, Nen

ently assumed added sigmf-

who were stationed 1n the

through  Each individual

1n these groups, on developing an acute respiratory tnfection, becomes

another possible case of cocaidiodomycasts with 1ts added diagnostic and
therapeutic problems

The miection by Cocerdiordes tmminis 1s evidently not transmtted ducectly
from one individual to the next, thus, there 1s no reason for 1solation of the
patient The parasitic or spherule phase of the fungus which appears tn
human sputum or pus 15 infectious when ntroduced expermentally mto
laboratory animals,® but seemngly 1s of no importance m the natural direct
The chlamydospores from the saprophytic

transmission of the miment



Salvin: Fungus Infections 1221

phase of the fungus are the main mfectious agents Eg;demmlmxcal studses,
1hc dmxcnl plcturf, the patbolegy o t accdental

a3y I

e present m the dust and the fungus to be thrnng i the smk from which

the dust ayose
Lattle saccess has been evident, however, mn attempts to wolate Cocer-
d.mdex from the soif  The fungus was 1solated first from the soil near
el T it ab oo o Foa : o

Pealann £al foen

Hundreds of other attempts to isolate Cocerdiondes from the sort of endenuc
areas have failed.

Recent studies howerver, have presented the possibildy of a rodent
reservorr of Cocaidiordes  Of 303 ammals from an endemic area, trapped
and examuned by Emmons® for posstble pathogenic fungy, 128 were tnfected*
16 with Cocardiordes vmmihis 2lone, 9 with both € 1mmihs and Haplos-
porangiwm pariem, and 92 with only H pareum  The types of ammals

mized 2s an agent m human disease
Cocardwodomycoss 1n the rodents apparently was a chrome disesse
which did not seem to interfere wth the normal reproduction and develop-
ment of the anunals It was suggested that the fungus may be pnmardy
a pathogen of rodents and present wm soil that has been contaminated by
infected rodents
s .

edge of the tisease  lhose who have had pumaty cocodiordomycoss,
PRDAGRANTELO U

reactions to coccrdiorhu e people Wving wathin the endemic aress of coeny
dioidomycosis, and \irtually no reactions m other nouresident groups
They concluded that some of these ealeifications may be due to Coccrdiordes

€ E Smuth® zeparted that the first s)mptoms appeared 7 to 21 days
after whalition of the chlamyd

30 to 45 days  His suriey of the San Joaqmn \allr) ca;cs overa pcnod
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thunbergi:  In two of these cases, barberry thorns were removed from the
primary lestons after suppuratton had started, n 6, deeply embedded bar
berry thorns had been removed from a few days to two weeks prior to the
] , P Lt -

the barberry seemed to be the source of mfection  Walkefield observed
* P e

flonsts  The fungus was also obtained from’ timbers of a nune 1 South
Africa, and from the miners eposed to this matersal ® These and the
preponderance of cases *mong rural inhabitants and others close to the soil
suggest that the fzvonite habtats of Sporotrschum schencke are probably
shrubs, grasses, and the hke, although bushes with thorns are more apt
to consey the diseise (0 humans

Benhtm and hesten® described the saprophy tic grow th of the fungus on
expenmentally inoculated barberry thorns and m carnation buds, and
showed that the fungus retained s wvirulence for amimals after a bnef
saprophy tic hife on plants

Sporotrichosts has also been reported i lower anumals,™ appearing spon-
tancously m horses and Inestock an certain parts of the United States
However, the rehtne absence of the discase among the 1eterinarians and
workers m the areas where equine sporotrichosis 15 common indicates
the ummportance of this channel of contact Ruediger™ reported ane
case in which the imtial lesion of the disease appeared on the site of a recent
hen bite, and another t which the first nodule developed on the site of a
wound from a wire 1n a barn containing a sporotrichotic horse  The disease
has been described as occurning spontaneously tn dogs rats rabhuts, cats,
and other small mammals 3%

The third mycosis of interest here 15 cocaidiordomycosts  Ongmally,
this disease was believed to be muted to the Chaco region of Argentinatt ¢
and ta the Sin Joaquin V alley m Calforma # but recent work by Phullips,#
Smith ® 1nd others**=* has shown the fungus to be present throughout
the and Southwest, s southern Cahforma, southern Utah, Anzona, New
Mevico and west Texas  This my cosis has recently assumed added signif
wance because of the large number of soldiers who were stationed 1n the
endemic area and the many toursts who pass through Each indinidual
m these groups on developing an acute respiratory mfection, becomes
another possible case of coceidioidomy cosis with its added dragnostic and
therapeutic problems

The nfection by Coceidiordes tmmutes 1s exidently not transmutted directly
from one indn 1dual to the next, thus there 1s no reason for ssolation of the
patient  The parasitic or spherule phase of the fungus which appears m
human sputum or pus 15 mfectious when introduced expenmentally o
laboratory ammals 3 but seemmngly 1s of no importance in the natural direct

transmussion of the alment The chlamydospores from the saprophytic
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of 17 months illustrated the association between the onset of disease, field
work by the mhabitants, and the presence of dust
The seasonal vanation of the disease and 1ts association with dust were
4t O~ T G-l g g 7 at four Army arfields
ir In the fall of 1941, when
e there were extensive scarred
;‘l:;‘fa‘;cs“and much dust  That season of maximal dust provided the highest
cocardiondal rates of the study The following year, lwns were planted,
roads were paved, awrstrips hard surfaced, and the incidence of cocaidioidal
infections was cut mn hatf Vi hen the fields were oiled in June, 1944, the
wadence nas lowest 1 their history
Finally, among the deep mycoses, we come to histoplasmosis, a disease
onigmally described 1n Panama 1n 1906,% :’ but since then reported from
the United States,* South America,* Java,* England ® Philtppine Islands,*
Germany,® Turkey,® and several o‘!her areas ¢ ‘The dn.sease 15 sporadic

therefore may be possible resersoirs of the disease
Although only shightly more than one hundred cases have been reported
R — Lo o e T v

palmer,™® for example, after a study of 3000 student nurses, concluded
«(a) that mild, probably subchimeal infection with 2 capsulatum (or an
\mmunologically refated organism) 15 widely prevalent i certain states
and relam{cly mfrcqu’cnl i others (b} t!ml. i general, thlmc stalels m

P T T
. . S

ont

rted

2513,

although the exict causes of berculous pulmonary calafi still

are 1n doubt  Proof that Justoplasmos:s 15 one of the etiologic agents of
thus condition v uits the use of a speafic diagnostic procedure and the 150
lntion of Histoplasma from the hypothecated frequent muld cases of the dis-

ense
Trobably one of the most troublesome public health problems of the past
few years was nngnorm of ¢ s + andowm M
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of the head only  In the girls, the fungus was present alw aysn the area of
the hur part

According to Lee,” the results of 2 questionnaire to state health depart-
ments 1 August, 1946 showed that ringworm of the scalp was a reportable
disease in three states only, Ilhnois, Ohio, and Pennsyhama  The aty
health departments of St Lows, Cleveland, and Philadciphia, hosever, re-
quired the reporting of this infection  In Jersey City and Newark, tinea
capitis 18 categonized as a public health problem, but reporting the disease
15 not required by law

The most common of all the fungus discases are the dermatophy toses,
caused by Epidermapityton floccosum and by yanous species of Trichophyton
Among these the mcidence of dermatophytosis of the foot 15 probably the
tighest For emmple, Legge, Bonar, and Templeton®? found that 515 per
cent of the men admitted to the Unnersity of Californta during a single
year had athlete’s foot,” and that the percentage mcreased to 78 6 by the
end of the yeir  Alderson and Reich® reported that dermatophy tosis of
the foot represented 24 7 per cent of the skin diseases in a student health
service  Lomholt® reported that the inaidence by chnical diagnosss 1
school children in Copenhagen was almost 50 per cent  Of 354 men sur-
veyed m an industnial plant,* 36 4 per cent were found by cultural exam-
nation to be mfected

Many compounds and methods have been used mn the attempt to control
these shin pathogens  One of the more common ones i olved the use of 1
per cent sodium hy pochlorite in foot baths, 1n spite of the fact that Bonar
and Dreyer® found the fungi 1n skin scales still ahve after one hour's ex-
posure to the hypochlonite  Dermatophy tes were found to flounsh on old
. PRI i s

“ ta coman noalia

standard power laundry techniques Jil the dermatophy tes, primanly be-
cause of the igh temperatures used, although standard dry-cleanmg sol-
PR

A —nes brma da ndas ne es nat £ ne mdal

vere disorders of the peripheral vascular system, the lesions
»f which arect d by endothelal necrosis and nfl throm-
These lesions

bosts, and by painfut ulcerations or gangrene of extremities
ke considered as possibly being aroused by the nflammatory action of the
sroducts of some of the dermatophytes If true, this role should increase
il further the impottance of the dermatophytes as a public health prob-

em
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by emvironment  The additional use of chemical and biologic procedures
are important diagnostic cntena
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The nutntonal requirements of fung vary considerably accordig to the
type of fungus tissue mvolved degree of nvasiveness obligatory pard
sitism facultative parasitism and whether the orgamsm evsts s 2 $apro
phs tevathin the hostoron v egetation outside the host and may consequentl)
beair borne A med um satisfyng the needs of one fungus may have lttle
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or no value for another Much has been wntten concerning mediz and
their constituents The morganic or mineral constituents of media and
their utihzation by vanous fungl have been well mvestigated chuefly for
plant pathogens and nonpathogens  Very little has been done m this re-
gard for human pathogemc fungy, perhaps with the exception of calcum,
which was considered to be essential for Trichophyton nlerdsgiiale® In
general, the requirements of fung: for inorgamic elements 1s comparable to
those of higher plants  Vanations i mmneral constituents may alter per
ceptibly the fungus gronth  Organic putnent requrements, hike the m-
organic elements, play an inportant part 1n the growth essentials of patho-
genic fungr  The value of the organic matersal depends upon 1ts assimla-
bulity by the fungi  This 1n turn depends upon the ability of the fungt to
produce or <ecrete an enzyme which will break down the compound so that
the breakdown product can be utiized To complete the cychc cham, the
production of the required enzymes probably depends upon the pathogemc
hiving conditions of the fungus  The alteration of the organic constituents
and the 1nability of the fungus to utilize them will effect the growth char-
actenstics of the fungus In addition, there are a humber of so-called
growth factors, vitamuns or specific elements, which play an unportant part
o - .o, T

and the perfect stage

No attempt will be made either to describe or to List the numerous prep-
arghions m use, past or present It would be well, however, to mention
some of the media 1n common use The clasest approach to a unnersal
medum 15 the modified Sabouraud’s agar As ongmally prepared by
Sabouraud, the mulren d'epreute consisted of raw Chanut maltose, granu-
lated Chassaing peptone, agar, and water Dextrose could be substituted
for the maltose ~ Sabouraud s conservation agar omitted the carbohy drate,

s1n ely by Sabouraud to pmduce the gant colones whith served as a basls
for of the & Unf ly, this medm con
L’uned mgredlents which were chemcally impure, unslahle and often of
1z lusuniance of

The chief ents-
fact that 1t was
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countres to produce a medium which would duplicate the cultures on
Sabouraud s agar resulted in a large number of preparations whech failed
to attam the objectine  The use of honey, as advocated by Sabouraud
Iikemise wtroduced a vanable form of nutnment with its source of error
In this country the Pennsylvania medium has been advocated but the use
of crude glucose although gring good results again mtroduces a possible
source of error

In the United States there 1s in widespread use a medism also called
Sabouraud s agar but which actually may be considered as a completely
new substratum It 1s made up of peptone carbohydrate {glucose or mal

Digestive Ferments Company under the name of Difco  Some laboratories
prefer the Pianstiehl sugars which are of a better grade The Difco or
Bacto peptone may be cnticized on the ground that 1t 1s toe near neutral
and does not aid 1n developing the giant colonies illustrated i Sabouraud s

Les Teignes It has also been condemned by Linder® on the ground that

Peptone or peptone and sugar in agar, as used in the past are not only
unbalnced and do not furmsh all the elements necessary for the normal
growth of the fungi but when these substances are supplied they are in
too great concentration  Weidman* may perhaps justifiably find foult

usual concentration 1t 1s a medum which serves for both rapid 1solation
and 1dentification of the fungi commonly encountered bath in the clinic and
1n referred pattents  To be sure this medrum does not satisfy the needs of
all the fungs  Turthermore 1t does not bring out all the charactenstics de-
sirable and still requires the use of additional media for further study of
some fung:  As an all round medium however 1t serves the purpose well
Iam fully aware too of some of its other hmitations but then to be able
to do medical mycological examinations one needs to have some hnowledge
of the climeal features of the lesion to be cultured and to use such additional
specal media as are required To deal with a pure standardized
medium means that one must set up special cuteria for the recogmtion of
the fung on this medwm  The universal adoption of such a medn
whether 1t be this medium or any other substratum satisfying the general
needs of path fungt would el much of the d: among
the my cologists who base their identification and classification on a single
medium

Without gomg 1nto further and greater detail on the very important sub
Ject of media I would like to pont out agamn that the ingredients of 2
medium determme 1 part the type of growth that will develop  Sub-
strata rich 1n nutntive value are asa rule to be avoided since for the most
part they develop vegetatne mycelia without sexual structures Foot
media on the other hand are 1n use to try to induce free sporulation and
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the formation of the sexual aspects of the fungus In most common use
are the gypsum blacks, various egetable plugs, and Gorodkova’s agar
On the basis of studies made of Clenomyces serralus growng naturally en
feathers, 1t has been suggested that the dermatophytes are related to, or
probably members of, the Gymnoascaceae of the Pleciascales  Because of
the simulanty of certam structures of this orgamsm, such as spirals and
aleurospores, o those seen m the dermatophytes, it has been proposed that
S o -

Sl i te i3 Leaiamea hachoen nal ha ot

be attnibuted with certanty either to the pecubar substratum or to the age
of the cultures (four months)

There 13 evidence that temperature 15 of defimite value i both growth
and development of fungt and in the production of sexual charactenstics
In general, 1t has been shown that somewhat lower temperatures are re-
qurred for the formation of sexual organs than are necessary for vegetative
myceha  Most of the work has been done on nonhuman pathogens, but,
for all mtents and purposes, it may be assumed that the same applies to
human pathogenic fungt  The grow th at mcubator temperature simulates
the vegetative phase of the parasitic state i the human host and, as such,
has Dttle value for botanical classification ~ Consequently, growth at room
temperature, approumately 22° C, 1s much more to be desired, although
that may not be the optunum temperature for the speaific orgamsm

a beoe e ™
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tsraelt (4 borzs) will grow only mn a mucroaerophilic state  Thus, of course,
brings up the question as to whether one should clssify a fungus purely on
. n . .

- - . ‘ LI

genera. purely on the basts of ovygen requirements  The value of partiab
has been well m the case of Coccrdrordes tmmatis,

where the development of endosporulation 11 nitro takes place only under

partial anaerobic conditions *
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portant beanng  Talice? studied a number of pathogeme fung) grown on
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three different media with varying hydrogen 1on concentrations, and 1
dicated the pH at which mimimum, optimum, and maumum growth took
place  He noted frequently gross vanations in the form and color of the
colontes especially 1n the highly tinted species and, oftentimes, varmtions

v A L o AT wor vy

- cantame £ 4

" N
cation  Vost orgamisms especially jeasts and yeastlhe forms require
mosture both for growth and for the germtnation of spores  Liquid media
are used for both the study of spore germination and the production of cer
tamn chemicals and vitamins which may be elaborated 1n a medium as a re-
sult of the growth processes of special fungi  Since, among the Fungt Im
perfect1 classification depends to some extent on the sporulation of the
fungus moisture 1s of great mportance At the present tme we employ
both hquid and sohid media  The sohd substrata used today, howeser, are
chiefly . L !
media
ewcept
slower unless stimulated by temperature changes Such media often pro-
duce an abundance of egetative mycelta but are of less value for the for
matton of reproductive or sevual organs  Occasionally, too, \arious spores
require alternate wetting and dry ing for m1umum germination Although
wet media are the rule 1n mycology, very often old dried-out cultures de
velop specialized structures such as sclerotra, which may help considerably
1 arrivang at a classibeation of the fungus

Varnous physical factors have been employed m mycology, but cheefly
to determme their lethal effect on fung  These include visible ight infra
red rays ultraviolet rays Grenz or wfraroentgen rays, Roentgen rays (v
rays) and radmm emanations Visible Iight has been shown to have 3
defimte morphogenic influence on certan fung: as well as to stimulate the
development of reproductne structures  Pathogemc fungy, in general are
very hittle affected by visible ight  Most of the work done on fungi has
been with the rays of shorter wave lengths Smuth,? i 1936 mduced
varants 1n fung: experimentally by using surtable exposures of ultraviolet
radiations Hollaender and Emmons® (also Emmons and Hollaender*?),
worhing with the effect of d amounts of monocl ultraviolet
radration on spores of the dermatophy te Trickophyfon mentagrophyles, found
that wave lengths of 2280 to 2950 Angstroms affected these spores The
lethal effect and the secondary mutant formation occurred withwave lengths
of 2537 and 3650 Angstroms with a maximum of 100 X 10~ ergs per spore
(With measured amounts and increased time of exposure, the amount of
mutations decreased )  The effect of the sublethal radiation manifested itself
by the production of small, slon growing colontes  The spores that sur
vived the lethat dose produced colonies which resulted in the mutants  These
mutants differed from normal controls in therr size, form rate of growth,
spore production and color  Unfortunately genetic studies could not be
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1ade because of the lack of the perfect stage, the sexual organs  Spores of
Id cultures, however, were able 10 produce similar mutants

Muskatblit and Ouspenshy,!t using Grenz rays on hawrs affected with
Tierosporum audowm, M cams, Trichophylon cratersforme, T rrolaceum,
nd Achorion (Trichophyton) schoenlernni, found doses up to $0,000 roentgens
neflectrve on the gross or micrdscopic morphology of these fungt  Fungt
<posed to Roentgen or X rays showed changes Some of the colonzes de-
elaped color changes, slow rate of growth, and small amount of mjcehal
levelopment with colony sectoning  Many of the fung: were considered to
e saltants, since the effects of the radition wore off in subsequent sub-
ultures Others, however, persisted as mutants  Sartoty, Sartory, and
Jeyer'® exposed .Ispergilius fumgatus 0 3-7 2 milhcuries of radium emana
1ons and were able to induce morphologic changes in the organism Large-
elled odia, thick walled spores, and large pseudosporangta were produced
m media that were practically salt free When cultures were exposed to
ugher doses, hard, fusiform sclerotia contaming penthecia were found 1n
he subsurface mycelum It 15 evident that physical factors may induce
norphologic and, pcrhaps, genehc changes 1 fungt in sufficient amount to
1\ e an effect on the ¢l f these No doubt add 1

»ration that most pathogemc fung: belong to the Fungl Imperfecti, and

zenetic studies cannot be made because of the lack of smtable material, such

1s the ascospores of Nenrospora \whxch h:ne been 50 irullful for s0 many
PRt

cation  Monospore cultures such as were made by Emmons lor Micro-
sporum gypsewm (M fulrim) arte a step n this dmctmn Certmnl) the
rottination of ¢ nale cnarse of a8 Spee was e P

npr .
[ . ' ‘. L . ‘
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hz\s been so, perhaps, becnuse of the techmcal procedure lhat 1smolved in

mahing such a study  In the Fungi Imperfects, cytological imvestigations

would amply repay the worker with the vast amount of information that
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possible that light would be shed on the reproductne organs or processes
by ivestigating the various cellular forms of the fungt under varying con-
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three different medra with varying hydrogen 1on concentrations and ;m
dicated the pH at winch nummunm, optimum, and mavmum growth tooh
place  He noted frequently gross vanations i the form and color of the
colonies, especially 1n the highly tinted species and, oftentunes, vanations
m the mucroscopic characters of the fung  Mictoscomcally, he noted 2
predominance of one form of vegetation according to the pH value

Mozsture 3s usually a requsite n my cological investigation and classii
cation  VMost orgamsms, especially yeasts and yeasthhe forms requie
morsture both for growth and for the germination of spores  Liquid meda
are used for both the study of spore germinatton and the production of cer
tain chemrcals and vitamins which may be elaborated 1n a medium as a re-
sult of the growth processes of spectal fungy  Since, among the Funp Im
petfect: classification depends to some extent on the sporulation of the
fungus, mosture 15 of great importance At the present time, se employ
both hquid and sohd media The solid substrata used today, howeser, are
chiefly of the nature of collordal gels, w1th the exception of speciahzed sobd
media  These colloidal gels require moisture and as such serve the purpose,
except that germunation of spores or free spore formation s usually much
slower unless stmulated by temperature changes  Such med often pro-
duce an abundnce of vegetative myceha but are of less value for the for
mation of reproductive or sexuat organs  Occastonally, too, vartous speres
require alternate wetting and dry ing for mximum gernunation  Although
siet media are the rule in my cology, \ery often old, dred-out cultures de
elop specralized structures, such as sclerotu, which may help considerably
 arrmung at a classification of the fungus

Vartous physical factors have been employed 1 mycology, but chiefly
to determine their lethal efficct on fungt  These mclude visble light, mfra
red rays ultraviolet rays, Grenz or infraroentgen rays, Roentgen 1ays X
rays) and radium emanations Vasible hght has been shown to have 2
defintte morphogenic mnfluence on certam fungy, as well as to smulate the
deselopment of reproductive structures  Pathogeme fungi, in general are
very hittle affected by visible hight  Most of the work done on fung has
been with the rays of shorter wave lengths Smuth? n 1936, wduced
vanants 1o fung) espenmentally by using suitable exposures of ultraviolet
radiztions  Hollaender and Etnons® (alse Frumons and Hollaender'®),
worhing with the effect of 1 amounts of monoch ultm‘wa)::

of 2537 and 3650 Angstroms with a mixmum of 100 X 10~ ergs per spore
(With measured amounts and increased time of exposure, the amount of
routations decreased ) The effect of the sublethal radsation mamifested itself
by the production of small slow growing colonies  The spores that sut
vived the lethal dose produced colonzes which resulted 1 the mutants  These
mutants differed from normal controls 1n their $ize, form, rate of grosth
«pore production and color  Unfortunately, genetic studies could not be
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made because of the lack of the perfect stage, the sexual organs  Spores of
old cultures, however, were able to produce simifar mutants

Muskatbhit and Ouspenshy,” using Grenz rays on haws affected with
Merosporum andowm, 3 cams, Trichophyton craterfornte, T violacenm,
and Achorion (Trichophyion) schoenlemnn, found doses up 1o 50,000 oentgens
1neffective on the gross or mcroscopic morphology of these fungi  Fung
exposed 1o Roentgen or X rays showed changes  Some of the colomes de-
veloped color changes, slow rate of growth, and small amount of mycelial
development with colony sectoring  Many of the fungt were considered to
be saltants, since the effects of the radiation wore off 1n subsequent sub-
cultures  Others, however, persisted as mutants  Sartory, Sartory, and
Meyer? exposed Aspergsilus fmsgalus to3-7 2 vaullionnies of radwam emanas
tions and were able to induce morphologic changes m the organssm  Large
celled oidia, thick-walled spores, 3nd large pseudosporangia weve produced
on media that nere practically salt free When cnltures were exposed to
higher doses, hard, fusiform sclerotia contaming penthecia were found
the subsurface mycehum It 15 evident that phiysical factors may induce
morphologic and, perhaps, genetic changes in fungl i sufficient amount to
have an effect on the ¢l of these o doubt adds 1
work wiil be done with these agents, to which may be added the recently
developed radioactive 1sotopes, which, at present, are an unknown quantity
1n many fields of brolagic endeator

One branch of biology that has been sadiy neglected in medical mycologic
classification and 1n 1ts general application to pathogemic fungt 15 ¢y talogy
and sts genetic imphcations  This may be attnbuted chvefly 1o the consid-
eration that most pathogemec fungt belong to the Fung: Imperfect, and
genetic studies cannot be made because of the lach of suitable matenal, such
a5 the ascospores of Venrospora Which have been so fruitful for so many
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cation  Monospore cultures such as were made by Emmons for 3icro-
sporum gypseum (M fulton) are a step 1n this dicection  Certamnly the

tungs  Liis phase has been passed over too hghtly by mycologists This
has been so perhaps, because of the technical procedure that 15 nvolved 1n
mokng <uch a study  In the Fung Impesfects, cytological 1nvestigations
would amply repay the worker with the vast amount of information that
could be obtained  In the absence of essential cntena which make clissie

by m estigatng the various cellular forms of the fung under var)lmg C\;n.
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ditions of growth Cytological investigations should be highly recom
mended to the young enthusiasts of mycology

In addition, there are other procedures which are essential 1f pathogenic
fungt are to be classified properly These include varous biochemical
studies such as fermentation, especially useful 1n the case of yeastlihe organ
1sms, assimilation of carbon and of mtrogen, gelatin Liquefaction, hydrolysis
of starch, mdol production, and others, some of which may or may not have
practical value  In addition, biological and serobiological reactions have
also been apphied 1n my cological classification, and these include agglutina
tion determnations, immunological reactions, and others

W hat has been presented so far may be summarized briefly as represent
ing the tools of the mycologist for the determmation and classification of
pathogenic fungt  How wisely these tools are used and how well the re-
sults are mterpreted will determine the accuracy of the diagnoss and clas-
sification

To keep the botanist from straying too far from a logical and sane system
of classification, a bmormial nomenclature has become established and s
bemg mamtamed by the taxonomsts, who ase guided by a set of Inter
national Rules of Botantcal Nomenclature  These have been reprinted by
Dodge® nith examples pertaing to pathogemc fungi  Many pleas have
already been made for strict adherence to and complete adoption of these
rules  Needless to say, those of us who are familtar with these rules seeh
to do all we can to respect them  Inadvertently, howes er, most of us have
at one time or another been guilty of either neglect, forgetfulness, or uncon
cern  Much of the confusion evisting in our present sy stem of classification
has ansen from the simple fact that these rules have been disregarded and
personal mterpretations have been substituted  These rules are as perti

AP S SRR oo
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for nenly descnibed fungi makes the new name mvalid  Whale ths 1s1m
portant from the standpont of taxonomusts, there are other rules of great
significance which have been disregarded
The avoidance and violation of the principle of priority has been respon
sible for a shate of the chaos 1n the classificatton of pathogemic fungt  This
rule refers to the maintaming of the oldest and first binommal given to a
group or species  Unfortunately, this infraction could be excused on the
ground that 1t was unimtentional or that the eatly descriptions were breef,
lete, and poorly Ul d, or that they d1n 2 journal which
was not readily accessible  Since, i many instances, the ongmal publica
tions are not seen the investigators depend upon the quotations present i
the papers of others Interpretations based on such descriptsons ared
according to the group studying them, and, as a consequence, there hae
arisen groups or schools who follow the interpretations or concepts of certai?
leaders  Asa result of such conceptions or misconceptions, 11 1s not unusual
to find that the name applied to the organism by the origmal worker may
be used by present workers to refer to an entirely different fungus I be-
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fieve the term gypseum 13 one which bas been responsible for this type of
confusion  An outstanding example of the misuse of terms 15 that con
cerned with the agent or agents of momtianis  The term Aomilig, Whuch
has been applied to the organism of momhanis and which 1s falling nto dis-
repute, nas adopted as the cause of this disease (r1cure 2)  The present
day description of thus genus and 1ts usage as related to pathogenic fungiis
totally different from the orgmal concept The creation of the genus
Syrangospors by Quinguaud mn 1863, based on the Owdiuim albicans of Robin
15 undoubtedly the first vald and legaf name for the orgamism of momhasis
and as such should replace the vanous genera bemng uced for the orgamsm
m question  As a result of the misinterpretation of the older legalized
logy, there developed a type of 1 with
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each group of workers adhering to the 1deas and sdeals of the exponents of
these gronps  Consequenily, we find that many adhere to the genus Can
dida of Berkhout published 1n 1923 which 1n 1ts present-day usage refers
C e oA

Svringospora, but these hayve heen referred to the genera Mveotorula Can
dida or Afontha ™ Many of the species have been either reduced 1o syn
onomy or ehmmated but there are still other species and genera which need
classincation through monographic study

Another outcome of the incomplete descriptions or poor illustrations of
the earhier worhers has been the development of two widely separated
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groups, the ' lumpers™ and the “splitters ”  The lumpers tend to decrease
the number of genera and species to a few, whereas the splhitters favor the
creation of new genery and species based on the mterpretation of new or
different characters  Simplification of classification 1s, of course, Mghly
commendable and 1t makes the remembering of names fairly easy, especiaily
for the none too botanically minded medical men  On the other hand we
must avord overstmplification, for, 1n the end, this will defeat the purpose
of taxonomy  The splitters may be criticized for the creation of too many
genera and <pecies, although some may be justifiable A compromuse group
18 the adeal, and thes should be the goal of the taxonomists
A recent example of this 1s ilustrated by the orgamsms causing chromo-
mycosss or chromoblastomycosis  On the basis of the various characters
produced in culture, the fung: were provisionally separated into several
nera, Plnale diophora, Plialophora, Hormodendrodes, Bolrytotles
and Hormodendrum, and placed 1n the order Phialophorge at a ime when
there was a state of confusion eusting 1n the classification of these patho-
gens (FIGURE 3) **  Because of the various morphological chamcteristics i
culture, the fungi had been variously classified as Icrotheca, Gomphinana,
Trickosporium, Hormodendrum, and then Ionsecaea  In contrast, one of
the recent publications would place all the orgamsms with therr assorted
characteristics 1n the one genus, Phtalophora, on the basis of finding the
cupuliform spore bearers 1n all the strains ® T believe that thus group of
fungy needs further study for final disposition
In some mnstances the choice of a name has led to the discarding of ‘lhf
. . Talloe

we are not n favor of the name ginen these microorgamsms, let us stene
to attain at least some semblance of order by retaiming the Jegitimate name
gven by the imestigator  In this regard, the rules state clearly that ‘a
name or epithet must not be rejected, changed or modified merely because
1t 1s badly chosen, or disagreeable or because anather is preferable or better
known ™ There have been numerous mstances of this v1olation n the clas
sification of pathogen:c fungt

‘The rule stating that only one name may be given to an organism regard
less of how many pleomorphic forms or life cycles 1t may have docs muc
to alleviate the situation concerning the dermatophytes and other fungl
with a \anable Ife cycle It would seem, therefore, that at best the clas
sification of mast pathogenic fungl 1s probably tentatie, subject to the
eventua? finc : —sen
matter how
of the binor o
stage 15 associated  An example of this may be cited n the case of 3fono-
:pamm; aptospermum, the perfect stage of which 1s reputedly Aleschenss
Boydu ¥

The present system of classification 1s based on the work of Saccardo, 3s
shown mn lis  Sylloge Fungorum * An attempt was made to brmg to-
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then an attempt 1> made to follow a natural system of evalution with the
mast comy lex form of Lfe bemng the latest 1nd the simplest fotm being the
oldest  The divis on of the fungy nto classes orders familes genera and
species 15 escentually an indication of relationsh p based on the evolutionary
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processes  Although the tendency 1s to constder 1t as followng natural
lines much of 1t may be considered to be artifictal until more concrete evi
dence 15 presented  Most pathogenic fungt do not present a significant
amount of evidence on which to base a phyletic sequence except as relates
to mdinvidual groups  Thus before we can assume a definite system of
classificition such as exists with other fung: we must diligently apply our
selves to the mvestigation of thece fungt  Since the present classification
of fungt 1s man made we should not expect 1t to be perfect, and there are
those who may accordingly disagree with the form and substance of sucha
classification  Any attempt to alter the system for the better shoukd
therefore be gnen careful and encouraging consideration

Pathogentc fungi for the most part haye been 1solated studied and clas
sified by medical men who patterned their classification chiefly along chnical
hnes  The particular fungus was related to the chimcal features of the ds
ease both macro- and mucroscopically  The monumental work of Sabou
raud and of the earher workers who helped lay the cornerstone for the
classificition of the dermatophy tes and of medical mycology 1 general
folloned very much along natural hnes (r1curRe4)  The value of their work
undoubtedly 1s great so great that from a chinical standpoint and from the
pont of view of the dermatologist 1t has not been surpassed and 1s still m
use Thus, of course brings up the question of whether the classification of
prthogenic furgt should be made to fit the needs of the medical man or of
the pure mycologist It is desitable to have a classification which would
facilitate diagnosis and from an economtc and practical viewpoint help
both the medical man and the patient  The difficulty with such a class
ficatton however lies in the fact that the diversity of lesions that 2 fungus

mediums developed a compromuse classification  On the other hand Em

at some points In spite of the confusion that exsts as a result of such
classification I feel that such difficulties will be ironed out 1n due course
N ! ! sed on the char
the logical and
thewr pathogeni¢
state however fungi present certamn critera which help to place them 1
certain groups  To this end we should consider the arbitrary chimeal clas
sification of my coses and their causative agents based on anatomic distst
bution and also on therr ability to invade tissue  Briefly mjcoses may be
considered chincally as belonging to one of several groups (1) superficial
mycoses affecting only the stratum corneun of the shin or the hair never
becorming mastve or systemic (2) dermatomy coses imvolving and mnad
g the superfictal and deep layers of the shin and also the hair and nails
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(there 1s no evidence of systemic ins olvement), and (3) m) coses usually pn
manly myvolving the shin or mucous membranes or both, systemie mvasion
being etther pnmary or secondary and systemic infections, chiefly primary
with occasional or rare secondary cutaneous involvement

Fung: producing disease 1 the first group are fortunately, few m num
ber and present well-established forms which make them easily recogmz
able  Although there is some disagreement as to the naming of these fung
1t 15 only a matter of time and careful study of these organisms befare defi
nite tavonomic differentiation will be made Tn the second group the
dermatophy tes, careful study of the fung n the parasitic state will reveal
sufficient differences m morphology to allow for allocation at least to gener2
In many instances however, because of age and varous ensvironmental
factors the physiology of the fungi has become so altered that morphologic

perhaps the greatest amount of attention, there are still seeral pomts that
need elucidation  Here a good knowledge of the clinical aspects of the
disease plus a bachground of general my cology , as well as medrcal my cology,
1s of tremendous importance in classification

Organisms producing disease of the internal organs or a combination of
cutaneous, mucous membrane and systenuc lesions are, in general, recog
nized with relative ease  There are, however, several cntena whih play
an important part and may easily confuse the not too well tramed  Fungt
seen in tissue blood pus or pinal flud at body temp de
velop morphologic structures which remain fairly constant in the parasitized
host The organisms m this state present the parasitic phase of the lfe
cycle  Assuch they may be classified as to groups and type of disease but
gnve no structures which can be classified botanically  Whole blood serum
and tissue extracts are utilzed i artificial media and maintamed at body
temperature 1n the incubator to continue this phase of the fungus fe cycle
Although this serves the purpose descnbed the specific classification of the
otganism cannot be accomplished by this means A frequent error m the
classification of fungt 1n the parasitic state 1s in referrning to atl budd ng
organisms as  blastomycetes”  The term blastomycete bnngs to mnd
the misnamed orgamsm of blastomycosis, Blastomyces dermatitidis Tt 55
readily understandable therefore that such means of classification are not
only rusleading but 2lso confusing  Several fung: show budding forms 8

[ - B ~

URE 5}  Obwiously such confusion can be dispersed by growing the orgin
1sm on a swtable medium which wilt bring out speaific characteristics
More significant however, would be to discard the term ¢ Blastomyces
which rapudly 1s assurmung the role of a nomen ambiguum

Much progress has been made n the classification of pathogenic fung!
Much more will have to be done to develop a readily understandable wor
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help considerably to facihitate climical diagnoss 1n a language readily under
standible by the chimcian  To help alleviate the confusion eusting 1m the
botanical ¢lassification the adherence to a set of guiding rules such as pro
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posed by the Commuttee on Internation1l Rules of Botanical Nomenclature
1s essenti2] for umfornuty of classificatton throughout the civilized world
Ifeel that an international subcommttec devoting itself to pathogenic fungt
exclusively and to which new orgamsms with therr new designations could
be subnutted for final disposition would eliminate future confusion At the
same time I feel that some provision should be made for a chmcal classt
fication which would benefit the medical man and yet not hamper the
botamcal classification of pathogenic fungi  This perhaps 15 a big order
but I firmly beheve that the one may complement the other and yet each
be valuable individually

From the foregoing discussion one may reasonably conclude thet the
status of the classtfication of pathogenic fungs 1s sy et unstable and is replete
with confusion and chaos  To be sure, we hase not attained the perfection
1 classification that 1s to be destred, but the future 15 not dark  As long
as we have workers interested 1n the classification of pathogentc fungi and
tramed mycologists who are willing to adopt the dynamic methods of clas
stfication, then confusion will be dispelled and order will reign  Medical
mycology 15 still a young science, and where there 15 youth there ss hope
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TUTURE DEVELOPMENTS IN MYCOLOGICAL INVESTIGATIVE
METHODS

By Norman T Conant
Deportment of Bacters dogx Duke Untcersity Schoel of Medicine Durkm, North Carolina

Although a fungus was the first recognized infectious agent of man and
animal, relatively hittle 15 known about fungus dlscases 1n comparisen with
the accumulated knowledge ¢ the ep ,im
munochemistry, and speuﬁc therapy of bacteral and virus ifections The
Yack of such information about fungus wnfections has been the result of
methods of study which stressed the climical aspects of the diseases and the
tavonomy of the fungi almost ta the exclusion of fundamental studies of
the infectious agents and the disease processes which they caused At the
present time, however, there are few disagreements concerning the patho
geniaity and the taxonomy of those fungt which produce superficiat or svs-
temic mycoses  The d hy are no longer rep by a vast,
complicated, and confused group of orgamsms  Rather, they have been
reduced to a small number of easily recognized and identified fungn  The
systemc fungi, likewise, have evolved through a perod of recogmtion, clas-
=ification, and confuston, and now are also known to be represented by a
small number of easily recognized and wdentified fungt It 15 haped, there-
fore, that investigative methods may now be directed more fully towards
gaing a better understanding of the physiological chemical, immuno-
logical, and epidemiological aspects of the human pathogenic fungi and the
diseases they produce

A trend toward the use of such mycological investigative methods has
already been forecast by recent studies which hase made use of these tools
Tor example, growth requirements of the fung: are no longer studied by
chanying brands of peptone and types of sugar in the media  Robbins and
Ma (1932, 1944, 1945) have tigated the of
Trichophston discotdes, Rhodotarula sp , and Trichophyton mentagrophyles by
their behaviot on a synthetic basal agar medwm or synthetic basal solution

sumulate comuhal production and colony formation A further study of
the exact requirements for a better growth of M andontn: 1s to be reported
later  Since microscopic morphology and gross cultural charactenistics are
used to wentify the pathogenic fung, the stabibzation of such characters
by growth on a synthetic medium to which can be added Lnown substances
would allow duphication and a more stable tivonomy  The value of a
method of study that would lead to such a stabilizatian is or course, readily
apparent

I hysiologacal mvestigations of the human pathogemic fung also have
made use of methods that provide basic quantitative information concern
ing the activity of the orgamisms  Bernheim (1942), Nacherson (1046), and
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Nicherson and Chadwich (1946) have indicated the value of respiration
studies (oxygen consumption) as 2 method of measuring the guanitalie
effect of tovic substances on lining, pathogenic fungi  Imiestigations of
this type might also indicate the enzyme system or systems involved in the
oxitdation of varous substances when drugs are added to the preparations
and oudation 1s hindered  This type of information, obtained by such
studhes, could lead to definite points of attack agamst the pathogemc fung,
since it not only grves quantitatise data about the toverty of drugs but alse
ndrcates their mode of action

Chemical investigations of the human pathogenic fuﬁgx are needed to
yield valuable information concerming the metabolic products which they
produce and to which allergy or immunity 1s established i the mnfected
human er ammal Trchophytin, cocaidiordin, blastomycn, and, lately,
histoplasmn, are sterile filtrates of a hquid medium 1n which the respectne
fungi have been grown for long periods of tume  Such matenals, shen
Jected mtradermally, give defayed tuberculinlihe reactions which denote
present or past infection by the homologous fung

Punified products of some of these materals have been obtaned and
comparable studies with the “crude” filtrates have been made “Crude’
trichophytin and 1ts purified products have been used 1n studies relating to
infection, immunity, and sensitization caused by the dermatophytes Re-
views and personal investigations contamed m reports by Sulzberger (1932},
Jadassohn Schaaf, and Wohler (1937), DeLamater and Benham (1938),
and DeLamater (1941) have shown that infection by this group of fung
causes that can be d ! by skin tests, and that these
fung) contain common or group antigens  Infection by one member of the
group, therefore, may cause sensitization that can be demonstsated by 2
skin test, not anly to the homologous extract but also ta an extract of other
dermatophytes  Estracts of fung) not belongmg to this group were found
not to ¢ross react

‘There have been recent reports, however, which indicate that some of
the dermatophytes produce antigens or reagins which sensitize the shin to
products produced by markedly different fungt TFor example, pentcilhn
allergy i patients who have never recened pemycilin 1s thought to be
established by previous mfection of the shin by species of dermatophytes
Peck and Hewatt (1945) showed that some dermatophytes produce  pent-
cillmlihe substance, and Cormua and Lewis (1946) shoned a correlation be-
tween penicilhin sensttivity and sensitivity to superfical fungus nfections
Pech and Siegal (1947) attnibute penicillin sensitiv ity to an nfection of the
skin by dermatophy tes which produce the pemcillinlike substance nhich, 12
turn, creates the sensitivity that 15 eliated when pemicillin 1s used thera
peutically  These later studies show, therefore, that widely different fungt
do contamn common antigenic substances that may prepare patients for
later allergic manifestations  These facts have great clinical significance,
and more should be known about the types of products produced by the
dermatophy tes, since these fung: cause widespread infection in the popula-
tion
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Although the sensitizing antigens contamed in trichophy tin have been
studied extensively, not much 18 known about the s2me types of matenals
that may be present 1n extracts of fungt which cause systemnc infections
Caccrdiardes pnamles 1s known to produce a substance or substances i broth
cultures which cause a specific reaction in patients and expermentally in-
fected ammals  This matenal, coccidioidin, may also be used as the antigen
1n complement fixation tests and in precipitin reactions  Hursch and Ben-
son {1927} showed filtrates of cultures of C wmmuits to give specific shin
. U1 Ll enee £ L aa A

cocadioidin by alcohol precrpitation  Mote recently, Hassid, Baker, and
McCready (1913) 1solated a polysacchande from coccidiordi, which gave
posigtve skm tests to 000001 mg injected intradermally and gave a pre-
cipitate m serum and pleurat fuid m 2 diunon of 1.640,000  These few
repocts wndicate the nature of the specific substance in culture filtrates of
€ mmmhbs  The ‘crude” filtrate, coctidioudin, bas been used, however, as
a spectfic skin testing matersal 1n epidemuological studies to determine the
rate of infection in the population and to determune the endenuc focs of
cocadiodomycosis 1n this country  The chrnical significance of an estal

has been reported by Martin and Smith (1939)  They have shown that
patients sensitive to a shin test dose of a standardized heat killed Blasto-
myces vacaine could not be given todides safely without prestous desensit
zation  In such patients, infection spread rapidly when lodudes were gren
1n the presence of sensitivity to the orgamsm  Yech, Marun and Hauser
(1940) 1snlated polysacchandes from the yeast phase of B dermatrtdis and
found that this type of matenal gave positne shin tests and also could be
used for desensitization  The allergic state of the patient in this disease,
therefore, must be estabhished before treatment can be nstituted  Not
only should the allergic state of a patient wlected with B dermatritdis be
established before rational treatment can be gien, but the immunologic
status of the patient should also be hnown  Martin and Jones (1941) were

w1s thought to hate excess antigen produced by the fungus, which ;nasked
the shin test and mtubited antibody formatin By mjecting immune rab
bit «rum the patient s immunologic status was reversed and response to
trextment was immedite A stmudar 13 pe of immunalogic anding has also
been reported by Hiatt and Martin (1946) 1 a patient nath pulmonary
mombasis  Rapid cleanng of the lungs folloned treatment with anti-
atbicans rabibit serum n 2 pauent showing a pasitee Foshay type of shen
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test to immune serum but 1n whom there w1s a negatnve shin test to vac
cme and a negative agglutination test  In this patient, 1t was thought that
excess tntigen produced by Candida albicans mashed the shin test and 1in
hibited antibody formation  In these two instances therefore, an under
standing of the pitient’s tmmune response wis necessary for successful
treatment  Information concerning the sigmficance of sensitinaty and im
mune responses 1 other types of systenuc fungus nfections may prove
equally as important

W hile the allergic and immune status of ap individual pateent should be
studied wath all of the avaulable techniques, 1t 1s also of great importance to

establish the rate of infectic ' ation
for a better understanding ¢ o
systemic fungus infections have

changed the concept of these diseases  Both were thought to be highly
fatal infections until shin test matenals were developed that could detect
mimmal or past fections by eliciting a posttive shin test, comparable to
and interpreted 1n the same way as the tubercubin test Gifford {1936)
and Dickson (1937) were the first to demonstrate that a prrmary benign
type of infection ws caused by Ceccrdordes immits Inhabitants mn the
Known endemic areas of the disease have shown 1 high meidence of mfec
tion, as determmed by positnve coccidiondin tests  [he secondary malg
nant progressie phase of coccidiordomy cosss (cocaidiordal granuloma) was
found to occur mfrequently and to be more presalent 1n the dark shinned
races

Until recently histoy has been considered a ughly fatalmfection
Chnistie and Peterson (1943}, Palmer (1945 and 1946), and Furcolow, High,
and Allen (1946) however have shown that n certain parts of the country
there 15 a high correlation between pulmonary calaification i nontuberculin
reactors and positn e shan tests to nstoplasmin 1 this shin testing mate-
nal proves to be speaific (Emmons, Olson, and Eldndge, 1945, Honell
1947), 1t will have shown that Histoplasma capsulafum also causes a pri
mary bemgn type of infection and that the highly fatal form of the disease
represents only a not too frequent secondary malignant ty pe of infection

Tt 15 hoped that the future development of mycological methods will
stress these physiol ! 1 1 jemiological

chenucal and ef
approaches and will yreld a better understanding of the human pathogenic
fungt Much has already been accomplished and the methods of study
have been indicated  Such 3 program will need the help of adequately
trained personnel The personnel necessary for effective work would ¢
clude a mycologist a phystologist, an immunochemyst, and a pathologist
This group should be m contact with chmical facilities that would provide
cases for study and should be in contact with eimcians who would help
select the problems to be inyestigated
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test to smmune setum  but yn whom there was a negatine skin test to vac
cne 1nd 1 negatne agglutination test  In th‘xs patient, 1t was thought that
excess antigen produced by Canlida albicans mashed the shan test and 1
hibited antibody formation  In these tno mstances therefore an upder
standing of the patient s immune response was nccessary for successful
treatment  Information concerning the significance of <ensitnaty and im
mune Tesponses m other types of systemic fungus infections may prove
equally as important

While the allergic and 1immune status of ap mdunidual prtent should be
stucied with all of the available techniques st 1s 1lsa of great importance to
establish the rate of infecticm ~F « o= & = ! = han lene
for 1 better understanding ¢
systemic fungus infections
changed the concept of these diseases Both were thought to be highly
fatal wnfections until shin test materials were developed that could detect
mmimal er past mfecttons by elicsting a posttive shin test comparable to
and nterpreted in the same way as the tuberculnr test  Giford (1936)
and Dichson (1937 were the hrst to demonstrate that a pnmary benign
type of wfection was caused by Coccrdiodes 1mmjts  Inhabitants m the
known endemic areas of the dise1se have shown 4 high tmeidence of wfec
tion as determmed by positive cocardiowhin tests  The secondary mahg
nant progressive phace of coccidiordomycosts (cocerdiondal granuloma) was
found 1o occur nfrequently and to be more presalent in the dark shinned
races

Until recently I has been lered a Inghly fatalinfection
Chnistie and Peterson (1945) Palmer (194> and 1916) and I urcolow, High
and Allen (1946) however have shown that in certamn parts of the country,
there 1s a high corrcation between putmenary caleification m nentuberculn
reactors and posttive shin tests to lustoplasmin  If this shan testing mate
mal proves to be specific (Emmons Olson and Eldrdge 1945 Honell
1947) at wall have shown that Jistoplasme capsulatum also causes 3 prt
mary bemgn 1ype of infectron and that the highly fatal form of the disease
represents only a not too frequent secondary mahgnant type of infection

Tt 1s hoped that the future development of mycologeal methods will
stress these physiological chemical logical and epidemnological
approaches and will yreld a better understanding of the human pathogenic
fonge Mock hes ahready beon sccomplshed and the methods of study
have been mndicated  Such a2 program will need the help of adequately
trained personnel The personnel necessary for effective worh would 1
clude a mycologist a physiologist an immunochemist and 1 pathologist
This group should be 1 contact with chmcal facihities that would provide
cases for stady and should be 1n contact with chnicians who would help
select the problems to be mvestigated
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SUPERIICIAL DERMATOMYCOSFS CAUSED BY
TRICHOPHYTO\S WICROSPORUVS, AND
EPIDERMOPHITONS

By Fred D Weidman
Depariment of Dermal logy and Syphilology School of Medione,
Unrversily ot Pennsyltama Pliladelplsa Fa

If one were to consult a standard text on dermatology,! he would find
such a long hist of superfictal fungus diseases caused by Trichophylons
Uicrosporums and Epidermopliytons‘that he would reahze at once the m
possibility of making a h I 100, even In a h
Ike this I have decided, therefore, to steer a course which will be pano-
ramic hoping to form the general scientist and general pathologist, even
at the expense of the dermatologist and shilled mycologist In so doing T
will follow the avenue of the general pathologist and attempt to trace the
natural history of the diseases i the premises

Accordingly this panorama first, will confine itself to dermatomycoses
that are superficial (nngworm and favus) Second 1t will deal with the
pathology of the group as a whale In connection therewith, certain fea
tures will be pointed out that either have heen underemphasized or hne
some special application to medical biology at large  To a large extent
these special points have a beaning upon diagnosts and treatment, shich
are so important to the dermatologist

Habutat of the Fungs on Vegetalton and {mmals 1 am not aware of
authenticated evidence that any of the three genera of fung aited 1n the
title Iive and grow upon vegetation m nature Members of all of them
however frequently parasitize the shin of lower ammals cats dogs horses
cattle sheep monheys and others? In short the discases that they pro
duce can be contracted from lower ammals, but, at the same time 1t 1$
thoroughly established that most of them are contracted from man to man
Details in respect to ammals can be found in the recent volame by Hull*
Kadisch! has reviened the subject m general

Transmisston  This 1s a story that 18 too extensn e and complex to elab-
orate 1n detail here  Suffice 1t to point out that one s dealing with fungous
cells which Iive upon the surface of an ammal or of man and which need
only come i contact with the appropriate (receptive) soil on the surface of
a human being  Moreover after being shed from the ammal (includmng
man) the spores can Lic dormant and viable m the emironment for as much
as three months n the case of Trichophyton menlagrophytes® ¥ and tuelve
manths for Yecrosporum folenecim ®

Predisposing Factors jor Infection Consderng the ubiquity of super
ficial fungus disease and the readiness with which the infectious matera!
can be dispersed nto the environment 1t 1s clear that many human shins
are immune to wfection Otherwise practically all human beings would
become infected  There 1s ample evidence of the close and contimued con
tact of mfected skins with healthy ones  Many wives are free from derm2
tophytosis of the toes (athletes foot) whereas ther hushands toes a7¢
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nial microscopically for fungus for purposes of diagnosss  That 1s the bot
tom of the ceiling should be arranged upward on the microscopic slde
Thereby, the fungus will not be obscured to the extent that 1t would be
otherwise

Depending upon the indwidual case then the lesion erther will be smply
congested and hyperkeratotic (scaly) as in the simpler cases or will have
vesiculation and bulla formation added as mn sexere ones  Secondary m
fection accounts for the presence of pus 1 both vesicles and bullae

Secondary effects are well established i the form of ascending lymph
angitis and cellulit:s  In addition certain clams have been made that
dermatophytosis 1s resy ble for th boangtis obl but 1t 1s too
soon as yet to accept this theory as proven !

WUycotic Tolliculiiss (Ringuorm and Fatus)  Here the nfection extends
more deeply below the surface 1¢ 1nto the deepest parts of the hair foll cle
(tmea capitis tinea barbae, and favus)  With the exception of favus the
fungus still invades only the epidermis 1n principle if one recalls that the
sheath of the follicle and 1ts contamed hair shaft are Lut ivaginations of
surface epithellum  The fungus gains entry at the folhicular ortfice after
which 1t proceeds dosnward through the hug shaft It induces degenera
tion of the shaft which results in 1ts loosening from the hair papilla  The
hair falls out or s broken off resulting m baldness Fortunatels the
papilla 1tself 1s not destroyed except 1n favus and after the d sease has
regressed 1t resumes the formation of hair shafts ‘The baldness 1s only
temporary  In infections with Microsporum felineum the reaction 1s so m
tense that suppuration ensues se suppurative follieuhtis This 1s the

Lerion of the dermatologist

hich extends be

It 15 the cause

which the hair

shaft grows with the result that permanent baldness results The damage

that 1s produced 1 the connective tissues results in scarring  This Trz

chophyton 15 the only member of the three genera under discussion which
produces permanent damage to the shin

Tmmuwnty  In spite of the extremely superficial diseases produced by

these three fungus genera their products diffuse suffic nto the corium
o act as antigens This results in allermic tissue r more or less
distant parts of the skin which are hnown as derma Naturally
such lestons do not cont : ssubstance The tion (lesion)
15 so ighly vaned tha se deseribed 1n de Suffice 1t to
say that the Jestons ar ted type and du to mitate
{hose of other dermatos hateven them a
1s commonly baflled by o the usefulne oz
¢ ons for sof dia ugh to say t}
LW eous 0

L ost1s mciples of
e l};)ee ally d fle

= ells an
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In 1915, Medlar'” and Lane ¥ 1n the United States published their ob

senations on  a cutaneous infection caused by a new fungus ' ma
patient from Boston  The lesions of this patient were of blastomycetic type
and ¢ 1 sphertcal 1 parasitic cells  The eto-

logic fungus was carefully studied and named Phialophora serrucosa From
the descriptions of Medlar and Lane, 1t was apparent that the diseasen
the Boston patrent was identical in nature with that previously observedin
Brazihan patients by Pedroso® and Rudolph 4

In 1922, Brumpt! established that the organssm causing the infection 1
Pedroso s ongmal case was not Phialophora terrucosa but a new speces
which he named . dendrum Pedrosor  Suk studhies on the morph
ology of the htter fungus have led to one of the most interesting chapters
mn the history of chromoblastomycosis  In 1923, Fonseca and Leao® de-
scribed for this fungus a second method of sporulition which corresponds
closely with the genus lerothecs  In 1935, 1t was found m our laboratones*
that the species Pedrosor possesses still another method of sporulation b
which the comidia are produced 1 phiahdes, thus blishing 1ts selation
ship to a third form genus namely, Pinalophora Medlar, 1915 Thes
multaneous occurrence of three methods of sporufation in one and the sime
orgamsm and the various proportions in which these methods may be repre
sented in different 1solates of the parasite led to the description of the species
under different specific and generic names  The literature on the subject
became extremely confusing However, after years of panstakig work
in our hboratories ¥ 1* the synonymy of these names became firmly estsb
Iished and the binomial Fonsecacae Pedrosor, proposed by \egront ™ of
Argentina has been accepted as the most conensent name until the perfect
form ol the fungus becomes knosn

In 193> we described 1 a Puerto Rican case, a third etiologic agent for
chromoblastomycosis  The Puerto Rican fungus reseals the three methods
of sporulation characteristic of the genus Fonsecgea, but 1t possesses suf
ficiently distinct charactenstics to warrant its registration as a new spe
cles which bears the name Fonsecaea compactum * ¥

According to the above obsersations 1t 15 evident that chromablasto
mycos:s like mycetoma may be caused by many dsfferent fungus parasites
In addition to the three ettologic fung1 just reviewed, a few others which
appear to be legitimate species have been recently described Although the
latter species are not generally recognized, they are worthy of consideration
and will be discussed later under * My cologic Aspects

Incdence and Geographic Dustribution  The existence of chromoblasto
mycosis has been established in North, South, and Central Amenca, th
West Indies Europe Afnca, the East Indies, Japan, and Australi, leas
ing contmental Asia as the only part of the world as yet mithout repor?
cases Among the infections classed as chromoblastomycosis, there art
159 in which the dragnosis appears to have been made on & sound base
and this number might be accepted as an approvimate mder of the 128
nized cases up to the year 1947 These cases are distributed 35 follows
Cuba 43 Brazil 41 Puerto Rico, 15*, South Africa, 12 United States 9

* Among the 15 Puerto R can cases, there sre 8 wh ch have not been offic ally published yet.
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\enczuelz, 9, Russia, 5, Costa Rica, 4, Dutch Last Indes, 4, Japan, 3,
Algiers, Argentina, and Australra, each, 2, and Rhodesi, Dominican Re
public, Guatemala, Canal Zone, Mexico, Camida, Paraguay , and Uruguay ,
«

« .
chmmz;b]asmm)m:ns might be considered as a cosmopohitan disease, but
ats distnbution would be predominantly tropicat

Symptomatology  The disease usually affects one of the lower extremi-
ties 1t begms as a small papule or warty growth, which may deselop any -
where on the evtremmty, but 13 fotated, as a rule, on <ome part of the foot,
nhence the infection <preads upward through the gradual development of
satellite Jesions The course of the pathologic process is slow, and the

'r“‘ S

Fictne 1 A Pucrto R can case of chramohlastomycous of Sfteen years duraf o The lewons ocetrred
i At mambcrs e 1 Swan]the  sal portion of the extcediy WA they wers comsacumls aned
4 morpbologr

chinieal history often reveals that the infectton has evsted for ten or more
years at the time of examintiton

In 2 typicat well-advanced case of chromoblastom cosis, the foot and leg
are generally swollen and somew hat elephanttasic wn appearance (F1GULRE 1)
The lesions occur 1n great numbers, espectally toward the distal portion of
the extremmty, and they are conspicuously varied in morphology  lor the
purpose of description it 13 convenient to class them in five different types,
namely the nodular the tumorous, the verrucous, the plague, and the
ercatnoal

The nodular type 1ncludes the youngest and smallest elements m the
chimeal picture and consi<ts of moderately elevated fairly soft, dull pink
to viohcrous growths, the surface of which may be smooth, verrucous ot
scat

Through further development, many nodules are gradually transformed
1o lesions of the second, or tumorous type  This 1y pe 1s represented by
much larger and more | distinetly papll
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Leen sanously deseribed as ochre, obwaceous, ycllowish-green, and dark
chestnut  The parasitic cells may occur singly or m groups  In the cuts
they are vanously located within giant cells, free m the tissues, and, not
infrequently, m the center of microabscesses, but they may be found alsa
within eprthelial pearls and microabecesses in the eprdermal layers Ewt
dence of germination 1s often noted in the stratum cornenm

Etiologic 1 aclors  Chromoblastomy cosis occurs most frequently during
the pertod of actne adult Iife  Among 109 authentic cases of the disease

ey e =
A

R

Fiorar 2 section of a lesion 1 The epi termis 15 thickened 3d
folded to fit 1he un lerlying psp llomatous elevations L2 the cutis. the react on 13 exsentially grans matoss
wath & varie ] cellular inf ltrate

0, which the age was recorded, 77 (nearly 71 per cent) Lay between the ages
of 20 and 50 years The extreme ages at which infection took place weré
3 (Tschernjawska™) and 76 (Takthashi®®) years, respectnely

Chromoblastomy cosis 1s decrdedly more common among mles A 1
view of 138 authentic cases 1n which the sex was registered showed that 132
were males, a proportion of 96 per cent

There seems to be no race immunity However, in a collection of 124
chinical histortes contaning data regarding the race of the patients, tt 935
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Fonsecaca compactum, Plualophora verrucosa, Torula porkilospora, and tay
Hormodendrum species described respectively by Simson® and 0 Dby
The second group consists of four organtsms which produce primanly soft,
dark moist colontes undergoing what appers to be a yeast like phase n
the course of their development  As the cultures age, the thallus becomes
partly hlamentous, but the growth as a whole retuns 1ts most appeatance
Only two of the orgimsms of this group have been published Hormscum
dermatitidis, by hano ™ and a  black Candida ke species,” described
by Berger® Of the two remaming fungt of this group, one was wsolated
by ¢ Bonne in the ¥ ast Indies, and the other was obtained by us tn Puerto
Rico  The descriptions of these two fungi are not yet available

Fonsecaea Pedrosor  Authorship  Brumpt, 1922, Negront, 1936 comb
no~" Carnon, 1940 emend 1

Synonymy  Hormodendrum Pedrosor (Brumpt'$), Phialophora terrucess
(Pedroso and Gomes®) Acrotheca Pedrosor (Tonseca and Leao™), Hermo-
dendrum  algeriensis (Montpellier and Catanei®®), .lcrotheca Pedrosiane
(Bonne®), Trichosporium Pedrostanum (Ot1%), Acrotheca rerrucosa (Tschern
jawshi™  Trichosportum Pedrosor {Langeron®), Hormodendrum rossicum®
{Merun*)  Cladosporium algeriensis (\ utlemin®), Gomplhinaria Pedrosn
(Dodge*), Hormedendrordes Pedrosor {Moore and Almeida®), Plualophers
macrospora (Moore an® *' & ' A aand A
media®) Plialoconid:
dendrum japomcum*

Carrionta Pedrosor (Briceno Irgaorn®®), Hormodendrum chaquenset (Maz2d
and Nifo¥) Phialophora Pedrosor (Binford ef of %)

Geographic Distribution  Fonsecaea Pedrosor has never been found 1
nrature outside of the human body, but the widespread distribution of its
victims has estabhished its ubiquity It 15 the most common etiologie agent
of chromoblastomycosis  Among 90 legitimately classified organisms 150-
lated from the disease throughout the world, 76, or 84 per cent, belong to
this spectes  The geographic distribution of the fungus 1s conspicuously
htgher 1n the warmer chimates This 1s evident from the fact that 63, or
83 per cent, of the 76 1solates just mentioned, were obtained from patients
who contracted the mnfectton n tropical or subtropical regions

The continental distrbution of Fonsecaca Pedrosos has been as folloss
North America, > 1solates, (4 from the Umted States and 1 from Mevico)
Central America, 4 1solates, (3 from the Panama Canal Zone} and 1 from
Guatemala}, South America, 25 1solates, (19 from Brazil, 4 from { enezueld
and 2 from Argentmna), West Indies, 31 1solates, (18 from Cuba 11 from
Puerto Rico,§ and 2 from the Dominican Republic]l), Europe, 4 isolates

0 the two wolates from the Dom n can Republ ¢ only one has appeared n the | terature 83 b & &
Keow (Cart &u and B mentel Imberts) * The otber ws stu ed by th author due to the courtesy of 3¢

P mentet Imbert



Camdn Chromeblastomycosis 1263

tatl of 1 em from Russsal Afnca 4 isotates, {1 from Almers and 3 from the
L on of South Afnca), \sis, § ssolate from Japan, and the East Yodes, 2
e v PR S

termss and epuderans as characienistic, usualh <pherical, octasionally cres

+ent shaped, brownish yetlow borbes so-called  sclerotie cells ” measunng

about 1} microns i dameter (FICURES 3 and 5)  These baches yoay oerur

exther singly or in clumpy, rarely i shost chans  They are found within

gunt cells, free m the Uscues, m the center of microabisresses, of enclosed
V. P ) t .

The protophism 1 granutar, eontarms reltactile nclusions, and possesces a
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122 e 0 P reaea Bedee o oAb nfeuted rpudersnnl wtler (a) wolated faneup el covend
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atereal septatan it two (henre wnd A germ

wonspicunus aatural pament which has reen described as ochre, D!mcrcu,
retlowssh green, and chestaut brown  The tuaclens 15 not aprazent iy frecy
Nt stained prepasztions  Germnation of the parsitic Cells i fregyeny
ohserved m the siratiom caryeum of the eprderms (FIAKE &) T g, (.
fected tissue multipheation of the fungus tehes plire by fov g 4 ferent
stages of the piracess bang avticeable in both the dermis and g 4.
(LR 6b1
Gross Morphohgy wn Cdture On Sabourand'’s m lie d e g ¢
pes cont dexteose agar after the fourth week and at room lrmpruo»_tvt,
tares resemble flattened cones, measunng abaut 35 o 10 dunges j
Une 7} center of culture o elevatedd about % mm abone medim, sop
forming mammillary promunence cest of culture genly Sopes afes s
Wolded the arnal myvielum forms datk grav preemsh plivaceg o™ *
darh brownich felthke netnork On € zapeh s et colonesge " 5
developed mycelum o mostly submerged 453y to olwacenn .00
tarder arborestent nutgrou ths, centeal zune shiws shallo 1w 3 338
Typine et
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ally more conspicuous after the third week of growth  The vegetaine
tiyphae are long, straight or undufated 125 to 3 nucrons 1n diameter, sep-
tate, branching cell walls thiek and dark, protoplasm olnaceous, granular,
with refractite draplets

The sporalation 1s of three different types, namely, the Hormodendrum,
the Fonsecaen, and the Phialophora types  These methods of sporulation
may be occasionally combined in the same spore head  The Hormodendrum

Ficixe 1 Lonsecaca Padrowos calture four weeks old des eloped wt ronm temperature on Sabou 384¢
mliek 3 cpren e

branches are erect or ascending, w1th termunal celt or conidiophore sometimies
datker having at the up several tiny, truncate, comal promuaences 19
which the spores are attached  The comdi are borne m charms, usually
short which tend to branch by multiple budding at the dustal pole of each
successtve corudsa resulting 1 the formation of comphcated spore hea
The connba are unicellular, ovoid often elongated, those 2t the Tase of the
chain beng frequentls shield shaped and occasionally bicellular They
measure 3 to 5 by 135 to 3 microns (basal elements 25 to 35 by 7 1o 10
microns) are olnaceous m colar, have smooth, thick, and darh walls and
to poorly developed d The Fonsecaea type of sporuid
tion (FIGURES 8 to 8h) 1s more or Jess abundant, usually more conspicuoss
on corn meai agar cuitures and pred o
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solete according to mdividuntisolate  The condiophores are short or long
straight or trregular exceptionally branched consisting of one sometimes
more articles disposed termnally, laterlly, or intercalanly, often denved
from spore element 1 IHormodendrum hend (F1GURF 8h)  The surface of
the conihiophore 1s wholly or partly verrucous due to the presence of tmy
truncate, conical prominences to which the spores are attached, its pigmenta
tion often 1s darker than vegetative mycelium  The condia are sometimes
single (not catenate), forming clusters which mry be mdistinguishable
when terminal from those of 1erotheca (FIGURES 8a 8b and 8c) some clur

|

Fiocaz ¢ Fo Ped morphols (g the P# aloph o type of sporult
Con e wrnee st e ok e B hoors 2ot Homed ] el e o poration o, & bad
ters showing tendency to chamn formation as in Hormodendrum (FIGURES
& and 8g)  The morpholagy of the conidrt resendles termae) 2nd sub
termunal elements of Hormodendrum heads alreads described  The Phialo-
. - '

3 cebn mahun
are

sparsely produced in culture 4
According to the varous proportions in which the three methods of cont
1l formation just described may be represented in different 1solates 0
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<olete 1ccording to indinidual isolate  The condiophores are short or {
straght or arregular, exceptionally branched consisting of one somet
more, articles disposed termimally laterally or intercalandy, often d ¢
from spore element i Hormodendrium head (ricurr 8h)  The surf
the comdiophore 1s wholly or partly verrucous, due to the presence ¢
truncate, conical prominences to which the spores are attached, its pigr
ton often 1s darker than vegetatine mycelum  The conidia are sor
single (not catenate), forming clusters which may be mdisting
when terminal from those of Acrotieca (FIGURFs 82 8b and 8c) s

FIorre 9 Fomsecaca Ped asss m ruscop ¢ morphology teprisent n

ton Note assoc st on of the Pk olopkora and ffo modend wm types o -
ters showing tendency to chain formation as n "

8f and 8g) The morphology of the comdia res oo B .
terminal elements of Hormodendrim heads alread -~y

phora type of sporulation (FIGURE 9) 1s usually « PO
dance its morphalogy 15 similar to that of Phic PRy
Chiamy dospores of the sclerotic cell type 1 —
sparsely produced 1n culture
According to the vanous proportions mwhich
1l formation just described may be represent
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reason, however, why these new drugs should not be tned locally on the
¢ lesions of ct t yoosis () Pemallin  The sensitoty
of Fonsecaea Pedrosor to pemacillin has been tested by Keeney of of Has
well as by Fleming and Queen,’ with negative results 1n both cases

Host Range Man 1s the only well known natural host susceptible to
wnfection with Fonsecaca Pedrosor It 1s possible that a spontaneous infec
tion noted by Canni® 1n the lungs and hidneys of a batrachian (Leptodoctylus
pentadactylus) was produced by this ot a closely related fungus  Rudolph
observed m Brazihan cattle another disease stmilar to human chromo-
blastomy.costs, but no mformation 1s gnen regarding the true nature of the
pathologic process

Many myestigators have endeavored to produce artifictal wmfection mith
Fonsecaea Pedrosor  Takahash (1937)" reported on the reproduction of
PSR PRSI fhnla Tkt om afa et ant wha

cum) 1solated from his patient  The induced lesions were consistent histo-
path 1y with ct bl osis and the etologic fungus could be
recovered 1n culture

Attempts to produce artifical infection have been carmed out on eight
different species of experimental ammals, namely, rats, mice, rabbits dogs
monkeys gumea pigs, pigeons and frogs  Successful infections hate been
claimed 1n all but the last two species mentioned I rom the expenments 5@
far reported, 1t would seem that, among the different antmals tested, the 1t
and the mouse are the species more susceptible to infection with Fousecats
Pedroso, thatinfection may be effected by more than one route of moculation
and finally thattheint; al, thesub and thentratesticulat
are the most adequate routes to produce infection

Infection 1n laboratory ammals may be more or less imited m. extent or
1t may be systemic, or even fatal, according to the method of 1noculation
The lesions are nodular, vanously sized, usually small, sometimes suppurat
ing, single few or numerous, cutaneous, or internal (hver, lungs kidneys
penitoneum, testicles), when cutaneous sometimes verrucous The bisto-

hol a lomatous type of tissue reaction sumilar t0

that noted mn human lesions with the infecting parasite constitutng
promunent part of the picture

Tavonomy VUp to the present time, the species Fonsecaea Pedrosos has
shown no evidence of sexual reproduction and, consequently, 1t hasits place
among the Fung: Imperfecti  In view of the general morphology, <porulat
ing habuts, and dark color of the parasite, 1t has been mecluded m the order
Mombhales, famuly Dematiaceae  Finally, the simultaneous occurrence, m
this organism, of three types of sporulation, which correspond to the genert
H dend Pr hora, and Acrotheca, respectively, has led to”lhe
classification of the species in the new genus Fonsecaea Negroni, 1036 as
emended by Carnion ¥ ®  Fonsecaea Pedrosos has been subdided 1nto the
four vaneties fypicus, Cladosp des, loph and i "

The genenc position of the “Pedrosos* group has been a much debalI
subject  Differences of opinion have ansen mamly from (a) the toPe
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ing exceptiontt morphelogic characters which link 1t closely to different form
genery it scems probable that differences of opinion regarding its generc
posttion wall continue to exist in the future  However, we believe that with
the broad con

Pedrosor into

more cffective

1solates of this specific group Tt should be understood that this tatonom¢
problem will not be defimtely solved until the perfect phase of [ onsecatd
Pedrosm becomes known

Pinalophora sesrucosa Medlar, 1915 Synonymy  Cadophora amerscans
(Melin and Nannfeldt®)

Geagraphic Disiribution Plaalophora 1errucosa has been encounteredin
only six chromoblastomy cotic infections  The majonity of these infections
occurred 1n continental United States, only two cases occurning abroad
one i Lruguay® (South Amenca), and one m AMgiers® (North Afnca)
Although the smll number of Phralophora infections docs not warrant final
conclusions regarding the geographic distnibution of the fungus as yet, 1t
15 of interest to note that five of the 1solations were made 1n temperste
cltmates while only one the North African strain, corresponds toa tropical
chimate

Vatural Habiat  Kress et al % who norhed with matenal fror'n the \;00‘3

. ~ ~ e Py et

by Conant and Martin &  Thus I'hualophora terrucosa has become an add
tional member of the small group of pathogenic fung: so far discos ered 1
their natural envaronment

Vorphology tn Pathologic Tissue In parasitized cutaneous tissue, the
fungus 1s indistinguishable from 7 onsecaea Pedrosor

Gross Vorphology t Culture  Healthy colontes are produced in vanous
Iaboratory media, with great variations in the rate of grow th according 10
the indnvidual 1solate cultures three weeks old in dextrose agat ranging 10
drameter between 05 and 35 em  Gross cultural characters are generally
more evident between the sixth and etghth weehs of gronth (FIGURF a}
The cultures are roughly concal, measuring 3 5 to 6 em i diameter on the
eighth neek, with a2 summut elevation of 5 to 10 mm  The surface 15 178U
lar, the border festooned or indented, and the aenal my cehum 1s profuse
short, gray, dark olivaceous or dark brown, forming a vehvety or feltlihe
growth

Mucroscopsc Morphology 1n Culture  The microscopte characters afe Us®
ually more conspicious between the fourth and sixth weeks of growth  The
vegetatrve hyphae are straight or cylindrical, branching and septate with

articles 8 to 25 microns Jong by 2 to 6 m 1n diameter, septation often
closer, forming oidioid er momliform , the cell walls are coars
and dark brown, with the cell membra Ityaline, the protoplasm s
yellowish brown fi €l granular,andc tile droplets, the nucleus
15 not appare preparations sth hematosyln stain

The conidiop er termuinal or s itb 11c, and 11d)
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stated that in fresh preparations of the mycelium stained wath hematoyln
practically all the cells revealed the presence of a nucleus and 1 thecase
of comdia the nucleus also becomes vistble with eosin and methylene blue
Young fungus cells would be Gram positie while the older structures would
take the blue wrregularly

According to Medlar '* Pinalophora verrucosa would form no pell e m
Iitmus milk  the milk 1s not coagulated or peptonized and 1s gradually made
alkaline o indol 1s produced 3n Dunhim s peptone solution the med um
becoming dark brown to chocolate brown in old cultures The fungus s
a nonfermenter of sugars

Conant and Martin® demonstrated that the serum of a rabhut artificall

1 aganst Phialophora rerrucosa | d comp; fiung ant
bodies 1 high titer for this species and 1n a lower titer for the speass
Fonsecata Pedrosor It was further shown that anti Pedroser and ante
compactum rablut sera which produced intensely posttive reactions with the
respectiye homologous fungus antigens would also react with Phalophora
terrticose 1n a comparatively lower titer

Tavowomy The species Plialophora terrucosa has not shown a sewd!
phase of reproduction n {aboratory cultures and should be classed there
fore, among the Fungi Imperfects Tt 1s remarhable that the semtendoge-
nous spores produced by this species resemble the spermatia noted m certd 1
types of Ascomycetes  However attempts to induce ascus formation by the
pairing of different strains i laboratory cultures have not been successful
{\ T Conant personal communication to the author)

The production of conidiophares from superfictal hy phae at any pont 01
the surface of the thallus places thts fungus in the third order of Saccardo s
classification namely the Hyphomy cetales (Monthales) whilethedarh color
of the cultures sets 1t among the Dematiaceac  Since the conda 3%
dark and umicellular the position of the fungus les in the first divis or of
this family, with the Phaeosporae  According to the method of con it
formation 1t falls in the subdinision Chalareae  The species was pla
mn the new genus P nalophora Medlar 1” at the suggestion of Thaxter due to
the agglutination of the conidia 1nto sporangium lihe masses at the moot
of the phalides  Fially the specific name terriicosa was selected becaust
the lesions produced by the fungus resemble those of tuberculosts verrucost
cutis

Fonsecaea compactum (Carnon) Carrion 1940 comb noy 18 Synetymy
Hormodendrum compactuns (Carnion 1935 ) Phualocomdsophora compit
tum (Moore and Almeida 1936%) Plualophora compactum (Binford e/ of
1948%)

Geograplic Distributionn Up to the present time there are only two Fecos
mized representatives of the species Fousecaea compactum  One of them B
the fungus onginally discovered in a case of chromablistemycosis 12 Puerto
Rico * # the other was 1solated recently from the shin lesions of a pat ¢t
1n the state of Tennessee (U S A)*

o 2 solste mes kindy sent o our abo atory by D No mea £ Conant of Duke Unve &/ Nord
s ol o
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Worphology 1n Pathologic Tissue The morphology of this fungus
pathologic tissu¢ (FIGURES 122 and 12b) 55 essentially similar to that already
described for Fensecaca Pedrosot

Gross Morphology i Cudture  Growth of the fungus 1s slow 1n all the
usual laboratory media  On Sabouraud s mtlien d epreute and 4 per cent
ghicose agar {FIGLRES 12c and 12d) the fungus when grown at room tem
perature produces colones that are roughly conical i shape measuring
about 25 cm i diameter, with a summit elevation of appraximately 6 mm
at the end of the sixth week  The center of the cultures forms an wrregular
mimmillary prommence about which the colony slopes down unevenly
toward a ghallow marginal zone  The border 1s srregular and indented

™ P 13
2 E < s
Yo

PRy M
v

12¢

Fio 1€ 12 Fan c aee compatinn (a) egresate of fospus celly resersbt ng selerot um 8 the fofected
Epudeinal sl (v Thetns)sepiek 08 o ne o 1ol o115 £ e el e el b She pcceed

"or Sebourands i fu 4 5 s
4 cultu ¢ w8 weeks of§ developed &8 Poom temperature o0 & per cent glucose Lgat

The aerial hyphac are tufted, formmg a plush ke or velvety browmsh-
black growth  On Czap~k sagar the cultures are poorly developed measur
g 10 to 16 mm at the end of the sixth week with the mycehal gronth
chiedly 10 the substrate, the center of the colony showing a scant hrownush
black powders, aenal growth

Microscopic Morphology tn Culture  Microscof ic characters are usually
more conspacuous after the third weeh of growth  Vepetative hyphae are
Jong roare (25 10 32 mucrons) septate, brancking eometimes & chatant
ously borders usually irregular cell walls thick and dark, protoplasm
olivaceous granular with refractile droplets hyphal fusions frequent, nu
cleus not apparentin fresh preparations  The <porulation 1 of three dif
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stated that, n fresl preparations of the my cehum stained with hematoyln
practically all the cells revealed the presence of a nucleus, and, m theas
of comda, the nucleus also becomes visible with eosin and methy lene blee
Young fungus cells v ould be Gram positise, w htle the older structures noud
take the blue irregulatly

According to Medlar,® Plualophora terrucosa would form no pellicen
litmus mulk, the melk 1s not coagulated or peptonized and s gradually made
alkaline  No indol ts produced in Dunham’s peptone solution, the medum
becoming dark brown to chocolate brown mn old cultures The fungus s
a nonfermenter of sugars

Conant and Martin® demonstrated that the serum of a rabbut artificall

{ against Pliglophore verrucosa ¥ { compl fiung asti
bodies 1n high titer for this species and, in a lower titer, for the speats
Fonsecaca Pedrosor It was further shown that anti-Pedrosor and astt-
compactum rabbut sera, which produced intensely positive reactions with the
respective homologous fungus antigens, would also react with Phiclophors
terrucosa 1n a comparatively lower titer

Taxonomy The species Piualophora rerrucose has not shown 2 sexudl
phase of reproduction 1n laboratory cultures and should be classed, there-
fore, among the Fung Imperfects It 1s remarkable that the semendoge-
nous spores produced by this species resemble the spermatia noted mn certait
types of Ascomycetes  Howener, attempts to induce ascus formation by ihe
pawting of different strains in laboratory cultures have not been successii!
{N T Conant, personal commumcation to the author)

The production of contdiophores from superficial hyphae at any powt o
the surface of the thallus places this fungus in the third order of Saccardos
classification, namely,, the Hyphom cetales (Momliales), whtle thedark color
of the cultures sets 1t among the Dematiaceae Since the comdi 3
dark and unrcellular, the position of the fungus les in the first dnision of
this famly, with the Phaeosporae  According to the method of contd!
formation, 1t falls in the subdivision Chalareae  The species was pla
1n the new genus Phialophora Medlar,”? at the suggestion of Thaster, du¢ 12
the agglutination of the conidi 1nto sporangium hhe masses at the mouths
of the phialtdes  Finally, the specific name rerrucosa was selected becaus®
the lesions produced by the fungus resemble those of tuberculoss  errucos
cutis

Fonsecaea compactum (Carndn) Carndn, 1940, comb nov 1 Synonymy
Hormodendrum compactum (Carnién, 1935% ), Phialocomdiophora combat
tum (Moore and Almeida, 1936%), Plualophora compactum (Binford ¢ o,
1948%)

Geographic Distridution  Up to the present time there are only tw0 recog
mzed representatives of the species Fansecasa compacium  One of them ™
the fungus onginally m a case of ch bl costs 1 Puent0
Rico,™ ** the other was 1solated recently from the shin lesions of 3 patient
1n the state of Tennessee (U S A) *

b
¢ '{rhu ssolate was & adly sent to our laboratory by De Norman F Conaat of Duke Un vers t7 3%
arol a2
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Aforphology m Pothologte Tisswe  The morphology of ths fungus
pashologic hissue (FIGURES 122 and 12b) 1s essentually sumiar to that already
described for Fonsecaea Pedrosor

Gross Morphology 1 Culture  Growth of the fungus 1s slow in all the
usual laboratory media  On Sabouraud’s muften d eprenre and 4 per cent
glucose agar (FIGURES 12¢ and 12d), the fungus when grown at room tem
perature, produces colomes that are roughly comeal mn shape, measuring
about 25 cm n diameter with a sunmit elevation of apptaumately 6 mm
at the end of the sicth weel  The center of the cultures formsan sregular
mommutiary prominence about which the calony siopes dawn unevenly
toward a challow marginal zone The horder 15 rregular and wdented

124

FIocee 12 Fwmsecoes sompoctum (a) ate of fungus cells ves rotan 3n the infactes
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taan o some of the cells (b) germ nat o8 of fungus cells i the malecied
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The aerml hyphae are tufted, forming a plush Ithe or vehvety browmsh.
black growth  On Czapek s agar the cultures are poosly deseloped measur
mg 10 to 16 ram at the end of the sixth week, with the mycelial gronth
chuefly i the substrate, the center of the col ony showing a scant brownish
biach powdery aenal growth

Microscopre 3orphology 1 Culture  Marroscopic characters are usuaily
more conspicuous after the third week of growth  \egetatnve hyphae are
fong coarse (25 to 32 microns) septate, branciing sometimes dichotom
oushy borders, usually ivegular cell walls thih and darh protoplasm
alnaceous granelar, with refractile droplets hyphal fusians frequent, nu
clevs not apparent in fresh preparations  The <porulation s of three df
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stated that 1n fresh prepirations of the mycelium stained with hematoyyln
practically all the cells revealed the presence of a nucleus and i thecre
of comudia the nucleus also becomes visible with eostn and methylene blue
Y oung fungus cells would be Gram positive while the older structures noud
take the blue irregularly

According to Nedlar ¥ Phialophora rerrucosa would form no pellile m
Iitmus mull. the milk 1s not coagulated or peptomzed and 1s gradually made
athahne  \o 1ndol 1s produced 1n Dunham s peptone solutton the medun
becoming dark brown to chocolate brown n old cultures The fungus s
a nonfermenter of sugars

Conant and Martin® demonstrated that the serum of a rabbit artificull

agunst Phialophora terrucesa ¥ i pl fiuing antt

bodies m high tuter for this species and n a lower tter, for the speat>
Fonsecaea Pedrosor It was further shown that anti Pedrosos and att
compactum rabbit sera which produced mntensely positive reactions with the
respective homologous fungus antigens would also react with Phiclophrd
terrucesa 1n a comparatively lower titer

Taxonomy The species Plualophora verrucoss has not shown 2 sewal
phase of reproduction tn laboratory cultures and should be classed there:
fore among the Fungi Imperfectr It 13 remarhable that the sem endog
nous spores produced by this spectes resemble the spermatia noted in certat
types of Ascomycetes  However attempts to induce ascus formation by the
paining of different strains in laboratory cultures have not bheen successfol
(N I' Conant personil communication to the author)

The praduction of conidiophores from superficial hyphae at an} pomt 01
the surface of the thallus places this fungus in the third order of S’a:cﬂf‘l’oi

art
) of
this farmily with the Phacosporae  According to the method of con !

formation st falls in the subdivision Chalareae  The species was pl
- ae e wrar dyeto

ut
ause
10053
cutis

Fonsecaea compactsm (Carrion) Carrion 1940 comb nov ©* Sv onymy
Hormodendrum compactum (Carnién 19351} Phiglocontdiophora IMP”,‘
thm (l;foore and Almeida 1936%) Phialophora compactum (Binford & ¢
1948,

Geographic Distribation. Up to the present time there are only tho TeC0f
mzed representatives of the species Fousecaca compactum  One of thett et
the fungus oniginally discovered m a case of chromoblastom) cosis 1t Puer“:
Rico ™ # the other was 1solated recently from the shin lesions of & patie®
1n the state of Tennessee (U S A)*
1y Nor b

* Th s isolate was k ndly sent to our labo atory by Dr Vo man P Conant of Due Un ve ¢
Cacol na
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oid on glucose peptone agar developed at 30°C  showed * short chuns of
sptencal oval rod shaped clavate orswollencells  branching was definute
though dich sometumes trich and would take
placeat thet porsideof the cell often close toanntercellutar septum  The

ternal septum perpendicafar to the lonmtudinal axis

Targe chlamydotpares of wletatic  type were present wn old cultuces
Some of these chlamydospores showed internal septation m one or more
plans some shoned constnction at the line of contact of the cell wall nith
the wternal septum and some produced daughter cells by laterat sprouting

The optimum tetperature of the fungus appears to be between 20° and
30°C At 37°C the deselopment was very poor and at 43°C it was
nhibited

Cand da hke Speaes  This black Condida hke fungus was repeatedly
wsolated by Berger ¢f of * from the cutaneous lesions of 2 Canadian patient
who had been sufienng from papillomatous growths over a period of four
teen years  Hustopatholomeally the lesions presented the classical picture
of chromoblastamycosts although the fungus was smaller more del cate
and dsstinetly budding

In the host tissues the fungus appeared somewhat different 1n two seres
of tiopsies done at different periods  In the earhier biopsies the parasitic
bodies were very abundant rather smail and dehcate and had fine mem
brane some of them showng chistinct budding winle others would form

In lus descruption of the fungus as orgmilly isolated Berger reports

Cotontes on corn meal and hay infusion agar Loeffler s serum and blood
agat rematn small (3 to 4 mm ) and d e soon on the two latter media but
are larger on gy cerolated potato and carrot and on Sabouraud s agar (4 to
7 mm) and sull larger on Lowensten s and Petragnani s meda {up to
15mm)  On Sabouraud s agar they are darh brown from the beginning
and half-spherical on the other media they are cond black they are alnays
mowst of creamy consistence and glossy In potato water (Langeron
and Tabce) small flufly colomes rest on the bottom and the hquid contans
2 great number of smgle or budd ng yeast cells there 1 no vexl Cut
tums made lrom a later biopsy (1944) yielded brown to black colores

of only a scant pseudomycebum at lover pH s pseudomy celial branclung
filaments extend on the surface and 1nto the underlying medim and bear
clusters of pseudocomdial blastosposes there are no aenal hyphae  In
cultures obtawned from a later biopsy (1044) the fundamental characters
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of filaments formung long branching chans, the acrogenous chams beng
longer and more branched than the pleurogenous  The spores are firmly
Iinked to immediate neighbors in the chain by broad articulations and are
olne green the older contaiming black pigment deposits  Some of the
spores are spherical (2 t0 @ microns in diameter) or oval (25 to 141y 140
& microns) but most are wregular w shape (2 to 2.5 by 1.5 to 16 microns)
the irregulanty resulting from development of hnob like or short filform
appendages on the tip or on the side, never on the base of the spore cell
Theee appendages sometimes produce a secondary element and often are
separated from each other and from the mother spore by septation
Chlamydospores deneloped 1 old cultuies sometimes w chaws elements
double-cantoured light birown te brownish blick termunal or intercaleny
In our fungus collection, tno 1solites from cases of chromoblastoms cosis
<how escentially the ame morphologic characters described by Tahabad
for Torula posktlosp Careful of these 1solates 1 culture
hosever, have reveated though sparsely, the types of <porulation charat
tenstic of Fonsecaca 4 edrosor  Consequently our two ssolates have beed
classedin the Pedrosor group  We have been unable to obtan a culture of
Takahasht s organtsm for comparative studies but are inclined to beleve
that his 1colate hhe ours 1s another variety of Fonsecaea Felrosot
Hormodendruns Spectes  Chromoblastomy costs has been ascribed to 38
thentic ormodendrim speciesby Simson ¢f of  and O Daly # respectively
n South Africa and Venezuela  I'ram the descriptions given by Simson and
O Daly s well as from prelimmary studies of these fungs carried on tn ouf
laboratonies 1t 1s quite evident that the tno isolates are very smlar and
that they are capable of sporulating by only one method namely the
Hormodendrum
Hormuscuom dermatuitdis This ungus was engwally ssolated from the
Iesions of 1 patient with chromoblastomycosis i Japan and the Iun;;'us was
o

citm dermatitidts  The histopathology of the nodule was sumilar to that U
other lesions naturally developed on the patient s shin Experimental
fections were also produced on mice gumea pigs and rabbits the moeulum
consisting of a suspension of the fungus grown tn artificial cultures

The morphology of the patastte 1n pathalogic tissue was essentially simit
to that already described for other fung causmg chromoblastomy<ws®
Cultures srx weehs old developed at room temperature on - per cent maltest
agar measured 8 mm 1n diameter and were hemisphencal m shape W:
were coal blach in color with the surface finely granular and wnnkled
the substrate stamed by blick diffusible pigment On 4 per cent grapt
sugar agar on mulberry and on potato plugs the growth was essentially
sumilar to that on maltose agar  On peptone agar the grow th was poof 2
i glucose and maltose peptone water Inose flaccular colomes dev eloped o
the bottom of the tube

The mxcroscopic characters were relatrvely simple and constant 12 many
Jaboratory media employed for the study of the fungus  Cultures fout days
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are still yeast-like, but the cells are Jarger and thicker, often double walled
outlines often irregular, and many elements show nternal septations i
different planes  The resulting multicellular structures become very con
pheated, and are made up of mtncately intertwined, regularly coned
and anastomosing, rather thick threads of clustercd elements which grow
in all directions ”* These ¢ cells may contain one or more yound lipad
mnclusions * They “may be considered” as “sclerotic cells and are
obviously a vanant of the mutially yeast-like pseudomsy celtal fungus, and
In hanging drop and shde cultures, many budding cells may be seen nhich
remam attached to the mother cell, and form, by successne buddings,
monihiform strands of vanous lengths, the latter become pseudomycelat
through elongation of the individual elements  Apical blastospores appear
and give in turn nse to pseudomy cehal threads, but the branches are fes
and the resulting arborization 1s, therefore, rather simple Some blasto-
spores show Intensne budding of many small conidia Iike blastospores,
which form soon more or less large clusters of easily detached cells There
15 no trace whatsoever of contdiophores or of any other specialized appd
ratus of sporulation, although many colomes were Lept ahve for over tvo
eats
4 Berger’s orginism grows equally well at room and incubator temper2
tures, 1t does not gron 1n the depth of agar stabs At pH 7, its morphology
resembles that of the yeast, and at lower pH's, the cultures becom¢
filamentous
The fungus does not hiquefy gelatin and has no action on milkh  Itacd
fies agar medi contaimng glucose, fructose, mannose, galactose, cellobios
and xylose respectively but there 15 no gas formation In the corresponding
lhqud sugar media
Biblography
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all reports was umformly fatr]  This 1n iself struck us as being unusaal
It cn be of acute or chrome natare o benugn forms had been described.
While 1t 15 of world wide distribution, mare than haif of the Teported cases
hase occurred n states which correspond to the area of benign calaf caton
1n nontuberculin reactors just discussed  Itasdueton fungus which ocaurs
In tissues in the yeast forms and ordinanly grows on cuMture medua 12 the
mycelinl form  Demonstration of the fungus etiology of the disease wis
first obtained by the epochal cultural and transmission etpenments of
DeMonbreum® at § anderlnlt University Medical School The organsa
produces lesions which simulate many common diseases It produces vk
ceration of the mucosa and miltary Jestons with caseous necrosss and
granulomaty which closely resemble tuberculosis  This vanety of chail
mamfestations mrkes 1t <cem quite possible that benign forms may evst
and that the chnecal prcture mught be one such as described m cocadio do-
mycosis with s primiry complex gong on to calafication much as m
tuberculosis

It had been previously shown by Cov and Snuth? in 1939 and later by
Aronson' 19 1942 and it 15 generally recognized 1n the West that coctidt
adomycosis produces primary  complex which goes on to produce
cilutication quite ndistinguishable from that jaid down by tuberculoss
Pror to these descriptions of bemgn form, Coccrdiordes grantloma was
somew hiat the <ame state as hustoplasmosts . Itwas almost uniformly fatsl
Smeth ® 1 2943 postufated that the area of pulmonary calaficat on 1
nontuberculin reactors was also the endemic area of fustoplasmoss  In
fectior with 5 capsidatiom a fungus closely retated brologically to Cocc dt
owdes ymmiis wught result 1n previously unrecognized Lenign forms of
infection and the development of the calcifications describedd  Thet
were the reasons behind oyr suspecting a bemgn form of histoplasmoss
as & cause of our unexplaned calcifications

Freluninary Climcal gnd Lathological Exifence to Support This T1ess
In January 1944 a me month old infant, suspected of having leukemiz
was brought to \ anderbylt Unn ersity Hospital Subsequent studies prov o
that he had a miliary histoplasmosis  His blood cultures yelded as hich
as 3000 fungus colomes per mullikter This chutd and his parents reacted
to histoplasmin an extract of 1 culture of Iltstoplasma capsulatum whch
we had prepared

Following this merdent we began to test all the children admutted to the
pediatric ward with the same lot of histoplasmin and with cocaid o 18

analysis revealed that 23 per cent of the children reacted to histoplasmin
nhile only a few reacted put cquivocally to coccidioicin  Though thert
were several very young children who had positive reactions we Vere
unable 1 any of them to obtain a history of an dlness which mght have
caused the development of sensityvity d
Members of the pediatric house staff and mechical student bo Iy who
Ined alt their lives m Rentucky, Tennessee and Missoun reacted strongly
to the antigen winle conversely other members who had recently armed
from Califorma Marylind and New York did not react
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all reports was umformly fatal This mn 1tself struck us as beng v
Tt can be of acute or chromic nature  No benign forms had been dew
While 1t 1s of world wide distribution, more than half of the report
have occurred 1n states which correspond to the area of benign cal
1n nontuberculin reactors Just discussed It 1s due to a fungus w!
1n tiseues 1n the yeast forms and ordinanly grows on culture me !
mycelial form  Demonstration of the fungus etiology of the d
first obtamed by the epachal cultural 1nd transmusstan etper
DeVMonbreum? at \anderbalt University VMedical School  The
produces lesions which stmulate many common diseases It}
ceration of the mucosa and muhary lesions with caseous n
& ata which clocely ble tuberculosis  This vanctt
mamifestations makes it seem quite possible that bemgn forn
and that the chinical picture might be one such as descnibed 1t
mycosis with 1ts pnmary complex going on to calafication
tuberculosis

It had been prevtously shown by Cox and Smith? in 1939
Aronson' m 1942, and 1t 1s generally recogmzed in the Wes
ordomycosts produces a primary complex which goes o
calafication quite indistinguishable from that lud down b
Prior to the e descriptions of bemign form, Cocesdioides gre
somew hat the =ame state as histoplasmosis It was almost L
Smuth ® 1n 1943 postulated that the area of pulmonary ¢
nontuberculin reactors was also the endenuc area of hist}
fectior with /I capsulatum, a fungus closely related brologic
otdes 1mmutis, might result in previously unrecogmzed b
infection and the development of the calaifications des
were the reasons behind our suspecting a benign form of
as a cause of our unevplained caleifications

Prelvmnary Cluncal and Pathological Eridence to Supp r
In January 1944 a five month old infant suspected of hav
was brought to Vanderbilt University Hospatal ~ Subsequent «
that he had a miliary histoplasmosis  His blood cultures 31
2s 3000 fungus colontes per mullthter  This child and his pa
to histoplasmin an extract of a culture of Histoplasma capst
we had prepared

Following this incident we began to test 4l the children ad
pediatric ward with the same Jot of histoplasmin and with
After approvimately 125 children had been tested with both
analys:s revealed that 23 per cent of the children rexcted to h
while only a few reacted but equivocally, to cocardiondm Tt
were several very voung children who had positne reaction
unable mn any of them to obtain a history of an illness which 1
caused the development of sensitivity

Members of the peditric house staff and medical student bod
Tived all their Ines m hentuchy Tennessee and Missour! reacte
to the antigen while conversely other members who had recent!
from Cabfornsa Maryland and \ew York did not react




A
e

E. ; e Fy 7 4

' %ﬁge, F s ute
oS Em gty o S

O &‘g’.& R SEa R

Fioorr ¢ Lung (X 315) Showing & tubercle-Tke focal granulomatous lesion (Case 1)

RN 3
Lk

b

&

%
3

B oor

Fictza 3 Lung (X 120} Show ug tube cle-t ke focal granulomatous les ons (Case 1)




1288 Annals New York Academy of Sciences

These sections were negative for acid fast organisms  They ddshr
a focal or interstitial pneumonitis and the ycast forms of If capndusm
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died a postoperitive death from congemutal biliary atresia Ve have abo
found I capsulatim m biopsy material of two cases of chronic cervical
ademtis  These cases will be reported 1n detail in 2 subsequent publication
now in preparation

While this work 1s still an a preliminary phase, 1t gives excellent promise
of establishing satisfactory biological proof of the eustence of ol
mfecttons  Surely the repetition of these findings has reached a propor
tion where they could not all be eirly dissemmating cases  These then,
we believe are cases of mmnumal or benign histoplasmosis proven both
histologically and culturally

Fiouze 8 Yeast cells n mononuclear phagocyte of lymph nade (X 53) (Case 3)

Ve have been trymng to culture the orgamsm from sputum or gastrc wash
ings Intissues H capsulatum yeast cells are found almost entirely wntrz
cellularly and may multiply chiefly if not exclusively within the cells
Thus, unless the lesion goes on to caseation and ulceration, one cannot
expect the release of organisms and the sputum or gastne washings would
be negative This expectation has been confirmed m several wa3s We
have been unable to demonstrate or cultivate the orgamsms from the
sputum mn a single case with a fatal ruhary infection and have faled 1
other mstances of what seemed to be almost certamn mfections, to show
orgamsms 1n the sputum and/or gastric washimgs

Early attempts to cultivate the organisms from autopsy materials i wilro
and by passage through expenimental anmmals were unsuccessful—the
first because of the nvanable contammnants the second because the of
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give positive reactions but controls do not react  (3) Prlot stud estt in 281
persons with cocadiordin and n 437 persons with baplosporangn, whie

yielding many positive reactors to histoplasmun faled to yield a single
deﬁmtc reactor erther to coccid o1din or to haplosporangmn 1t would seem
that while there might be cross sensitivity 1n expenmental ammals these
tno fung are not responsible for much of our problem mn the area described
above Ve are accumulatmg evidence that the same can be sad for
blastomyein (1) The question of Qudrum albicans bas been suggested by
Doctor Emmons and others as a possible explanation for some of our
sensitnaty to histoplasmm  The failure to find many young infants senst
tive to histoplasmin would make st seem very unlikely that infection with
the thrush orgamisms can be of real significance 1 relation to histoplasmin
sensitivity Oral thrush 1s a common nfection of miants 1 this section
and would 1f 1t produced cross sensitivity reactions be hkely to yield a
high percentage of infantile reactors  Furthermore, thrush 1s not 2 com
mon]) rewgmzed mfection 1n the older age group where we commonly
find ty (o) Age d The pattern of age

dymg with proven histoplasmosis and ne have seen only one other positine
reactign tn 2n nfant less than a year of age  The rapud increase m senst
tization in the next fewn years 1s certanly not correlated with any particu
latly developmental achievement It 1s rather hhe the development of
Sch ¢k negativeness in the norummumized urban groups a phenomenon no
langer gmemll) bebeved to be due to natural dev elopmen( but generally
d to resulung from subcl i nfections  (6) The
offers strong support for
the supposmon that zhc reaction 15 a response to an mfectious process
Geographical vanations ia the p of cal have
been shown by a number of investigators most strkingly by Long and
Stearns ° They showed that Arm+ mnductees from the W estern Appalachian
slope and the borderng states west af the \hssxss)pm and north of the Ohio
Ruver shoved a greater p v f pr than those
from other arews The stud es of Palmex" and our studies’ * have shoun
that histoplasmin sensttivaty 1s much more prevalent m this area of excessive
pulmonary calcihcations  The contrasting study of Wanng and Gregy!®
seems of great signuficance i this respect  They found pulmonasy calfica
tion 1n 0t ly 3 4 per cent of their school chldren 1n an area where the index
of hnstoplasmmn sensitvity was low  as contrasted with over 40 per cent in
tbe group reported by Olsen Bell and Emmons ! 55 per cent in our study
groups and 127 per cent w the group studied by Purculow High and
Alflen,® the latter groups being from areas of high prevalence of histo-
plasmin sensttinaty
We bebeve that (hese sludms dearh mdlm(e an mtunate relazmnstun

betueen pul and h tty sn the ares

where such sensitvity 1s highly prevalent
Thistoplasmin sensttivity prevalence has been shown 1n the foregoing to
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vary greatly with geographical areas  We can also add that, 1n addition
to the absence of reactors 1n Ireland ! none of seyeral hundred indiiduals
Inng 1a Holland reacted to hustoplasmun, there were no clear-cut posiine
reactions in more than a hundred persons tested m Curaczo, and positise
tests are encountered very mfrequently n children m New York City,
Buffalo and Rochester, New York, m Detrott, in New Orleans, and 1
San Franaisco®

It has also been observed in Tennessee that sensitnaty to histoplasmin
15 more prevalent 1n areas adjacent to streams and other areas of dampness
than 1t 15 on huigh dry ndges ®

PERCENT SHOWM THE REACTION

asEmYEARS @ 3 ) () R
w0 SKNTESTED S282 D6 3 306 3 1Ty ]
w0 X maveD PO I B "

Ficrae 9 Age relatonsh p n the development of b stoplasm n sens v ty Pulmonaty ealaficastion
and tubercul n sens ¢ v ty

From these Studics it 15 apparent that the question of histoplasmu
sensitiaty and 1ts relationship to pulmonary caleifications 1s one which
may be of great importance in one locality and of no mportasnce m agather
and also that some factors of chmate and physical geography must be of
great sig e in the epidemiology of hstopl. sensitiy ity

Our studies®® show that there 15 2 wide vanation in the prevalence of
sensitivity from one area to another within the state of Tennessee nndll:
neighboring states, Indeed, the evtensie studies repotted by Palmer
and by Prior and Allen® showed that there was a similar variabilty 1

other states
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Furthermore, the wide variation tn sensitnity observed n our studies
in students from different states shows that the variation 1s 1n relation to
a fanly defimte geographc focus and 15 suggestive of an mmfectious agent
existing commonly 1n an area where chmatic factors favor 1ts propagation

UNDER 30 PER CENT ¢ PERCENTAGE POSITIVE
[Z1LESS THAN 10 EXANINED FOR ENTIRE GROUP 374
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None of these studies prove a direct causal relationshuip between puls
monary calcifications, histoplasmin sensitivaty, and the disease, histo
plasmosis  The histoplasmun sensitnaty may be merely an mdct’ of the
over-all probfem of pulmonary and systemic mycotic mfections It may

N 5 a0 OvcR PER CENT
7 30-503 weA cowr
uNOCA 1o BER CEWNT

PEACENTAGE WITH CALCHM
(] Less Naani0 ExAMINED FOR ENPIAL CROUP 476

Ficesx 12 Distnbution by state of residence of percentage of persons ecaming &
Aecsity 1 198 found to have calctheation L e of pet rnid at § snderkit Ul

[ pyy——

[t PRI PeACENTACE T Catc b
o0 anre wy

Tl o sssmmear

T wnote mos come
Fiouee 11 Perrentape of persons eamined at § anderbilt Unncrsity and Tennessee Industrial Schodl
found to have calcification by county of readence 1943

explain only a segment of our problem of pulmonary calcihcation in non
reactors to tuberculim  Further studies of cross-sensitinity among fungus
antigens and infections are needed  Further study to establish the exact
etwalogic agent or agents responsible for the histoplasmun sensivity and
pulmonary calafications 15 imperatne My associates, Doctor Peterson
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and Dector McVchar, and T are engaged m these studies at the present
time

Another approach to the solution of the problem of the mimmal infec-
tion has been the study of pulmonary roentgenograms in children who
have recently deteloped histoplasmun sensitnaty  Infants being followed
i well baby chnics are gnen repeated histoplasmin tests and as sensitivity
develops roentgenograms are made In a number of these infants we
have been able to show pulmonary lesions which were not giving nise to
sigmficant symptoms  These infants have not heen followed long enough
to determine whether these lesions go on to calcification  In two instances,
we have observed hilar lymphadenopathy of a degree sufficient to produce
atelectasss and cough n young children who were repeatedly tuberculn

histoptasmosis 1n a bemign form

Discusston and Summary  These findings seem to have definite sigmifi-
cance {rom the viewpoint of the nterp of the mass g
graphic studies now bemng made and contemplated It seems quile certain
that 1n states bordering the western bank of the Mississippt River and the
states of the Western Appalachian slope a large part of the pulmonary
calaifications are due to some infection other than tuberculosis It seems
that while this relatonship 1s most striking 1n the area outlined above,
1t 1s not confined to this area but has a much wider apphcation

i these studies have no other value, they do serve to remstitute and
re emphasize the necessity of employmg either tuberculin tests or the
demonstration of tubercle bacill n establishing the diagnosis of tuberculosis
m rummal and noncavitated pultmonary lesions and in the healing lesions
with pulmonary calafications  Present-day concepts of the primary com-
plex, or first mfection tuberculosss, n its relationships to pulmonary cal-
cification, need re evaluation  The same may be true of reinfection tu-
berculosis

Conclustons (1) The problem of pulmonary calafication 1 tuberculin
negative mdviduals has been reviewed  (2) The avarlable epdemiological
evidence and experience with histoplasmun skin tests to support this thesis
have been reviened and evalvated  (3) The significant chmical and patho-
logical evidence suggesting that benign forms of histoplasmosis may be
responsible for a segment of this previously unevplained calofication 1s
presented  The sigmiticance of these observations has been stated
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CRYPTOCOCCOSIS AND BLASTOMYCOSIS

By Rhoda W Benham
Depariment of Dermotulogy, Callegs of Phyticsans and Surgeons, Columbus Unisersity,
Newtork, D ¥

The two diseases which form the title of this report were desenibed for
the first time 1 1894 one from Europe, the other {rom the Umted Siates
These two with 2 number of other distinct diseases, did 1n the past and n
some cases still do appeat m the hiterature under the name ¢ blastomycos:s
The resudting chaos 1o terminology has been difficult to overcome Xt
onginated with the practice of refernng to orgamsms reproducing by buds
or blastaspores as  Blastomycetes,” and the condiions m which they ac-
curred as bl " Since the etiol 1 agent w many different
deep-seated fungus mfections appears n the tissues or exudate from the
fesions in the form of oval or rounded budding cells they were often ervo-
neously described as biastomycosis  Cultures proved, however, that a
nuraber of different fungt were mvalved and that a number of distinct
diseases had been described under one name  Some worders went so far
28 1o suggest that blastomycosts was a discase entity due to 2 plurabty of
spectes  Castellans® for one stated i 1920 that  Rlastomycoss s a term
generally applied to affections due to fungy of the genera Socef aromyces,
Cryptococcus Mondia, Cidiion, and Cocctdrordes *

As a result, then, of cultutal studies and of a careful consideration of the
«haracterstic appearance of the fungus i the parasitic state, we now have
a number of deep-seated fungus infections descibed under thewr respectne
names and the term biastomycoms has become more hamted m scope
o A S AR

5
1
¥
and has not much signincance othermise

Hstory shows us that the name Blastomyces v as first grven by Constantin
and Roliand* 11888) to a fungus nhich they isolated from dung and de
scribed as a new speces It 13 & filamentous, branched form with comd
at the ends of short branches These comdia or buds, as these authors
called them, m tutn produce so-called secandary buds at many powts, and
these still others, until each {rusting branch transforms itself into a powdery
<pore mass  This fruiting mass 18 yellow to sulphur color, passing to ved
orange and sometimes green  Ouly one species 1s known, Elasfomyces
lutens  Thus 1 hsted as being m the collection at Baam, but T have not
as yet obtamed a subcufture  Just what it 15 would be anyone’s guess,
but, mn the dlustrations, the comdha are not unlhe those of some of the
gymneascus forms or ot some of the dermatophytes  Certasnly 1t 1s not
a yeast bike fungus  In Clements and Shear's® key ta Saccardos clacsy
heation we and 1t defined as follons * Hyphae elongated and distinct from
comda  Comdia beanng hyphae of twe sorts, the upngdt alone
denticylate

i

/!
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Just where or how the term Blastomyces entered the literature to desig
nate those forms reproducing by a process of budding or by blastospores
15 not quite clear, but Gilchnst and Stokes® apperr to have been the first
to use 1t 1n the medical literature, when they gave the name “Blastom)ces
dermatiidis” to the fungus and the name “Blastomycetic dermatitis” to the
cutaneous disease which they described The fact that rounded, budding
cells were noted wn both ther case and the European case described by Busse
and Buschhe led then to their both being called “blastomycosis ”  We nos
Anow, and 1t has been pointed out many times, that the orgamsms are quite
different  The Blastomyces of Galchrist 1s a hyphomycete, and the other
a yeast Iihe fungus  The Intter and Candida albicans are the only proven
yeast like pathogens  One would think that with the numerous publica
tions on the subject, the fact that these fung are quite distinet and different
from Blastomyces dermatitidis would now be very clear  However, 1n 2
recently published text, * The Iungy,™ which appeared 1n two volumes,

only T,
and the
final n

fest 1s cutaneous bscesses 15 caused by the closely related Blastomyces
dermatiidis, also hnown as Gilchnstia dermatitidis or Zymonema der
matitis’ This sentence alone would seem to justify repeating these
well known facts  Evidently, 1t 1s necessary to emphasize again that these
diseases are distinct and due to entirely different fung, and that we should
no longer use the term blastomy cosis m speaking of Busse and Buschhe’s
disease It 15 due to a yeast like fungus which reproduces by budding,
does not form mycelium or ascospores, and which therefore belongs to the
group of the eryptococer  ‘The disease which 1t causes should be called
““cryptococcosis

There follows a discussion of these diseases 1n detnl, with bref mention
of the clhinical and pathological aspects and stress laid on the laboratory
diagnosis and the specific fungus mvolved n each case

Cryptococcosts

History  The first description of this mnfection, according to Freeman *
- ® me em ' . 27k aha b the

differed somewhat from those that followed, as 1t was one of the rare cases
with cutaneous mamfestations The patient, a woman, had an abscess
of the tibia from which was obtained a thick, gelatinous exudate 1n “;hxch

mnvoh ement of the bones, subcutaneous tissues or, In some nstances, 1L
viscera have since been desctibed under the names 3 east infection, sacchato
mycosis blastomy costs, of torulosts
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develops about the abscess, and pseudotubercles are descnbed  The cen
tral nervous system cases are almost imaniably fatal  No form of treat
ment has proved successful  Spontaneous remissions occur, which make it
diffcult to evaluate treatment However, Marshall and Teed” report a
cure with sulfadiazine, and Keeny, Ajello, and Lankford" (1944) found that
sulfadiazine was effective 11 tuiro, whereas sulfathiazole and sulfamerazine
wese not  Sulfadiazine was ineflectne with one of our patients

There are contlicting reports as to sensitivaty to pentailhin, and 1t may be
that there are strain vanations  Streptothnicn is reported as actie m Tairo,
more so than streptomycin  Protoanemonin was shown by Holden e a?**
to inhubit the cryptococeus in a dilution of 1-80,000 W hen injected mnto
4 bone abscess mn one of our caces, this anubiotic caused the cavity to
become stenile after 4-5 weeks

Further search of new antibiotics with which to treat this disease 13
urgently needed

Diagnosis  Serology 15 of no value n establishing a diagnosis, and the
shin test has not been sufficiently studted as yet to be constdered relable,
although st has been reported posttive m a few cases  Spipal Auid findings
may be of some value, as 1t has usually a low chlonde and sugar content and
15 under ncreased pressure But, as emphasized many times, finding
Cryplococens neaformans either directly or in culture 1s the only certam
means of diagnosis It has been demonstrated 1, o 1solated from spinal
fld, pus, sputum, urne, and blood, the last two having been reported
as a source of culture 1n only very few mstances

The matenal for examination 1s placed on a shide with a drop of Inta
wmh  Ia such a preparation, the orgamsm appears as an oval or sphenical
budding cell with a definite wall surrounded by a clear asea, or halo, which
constitutes the capsule Gram stain of fixed smears will sene alo to
demonstrate the fungus, the cell bemng gram positine, the capsule famtly
pink or unstamed The fungus may be grown out from the matenal
referred to on the usual Sabouraud’s medium or blood agar in 4-5 days
at 37°C or in 7-8 days at room temperature

The cryptococct may be defined, as Just stated, as yeast-like fung: of 0ral,
globoid, or spherical shape, reproducing by a process of budding  They
do not form spores or produce true mycehum

logtcal Agent ~Cry} of

MNomenclature  As the name Torula 1s still commonly used 1n the medical
Iiterature for thrs fungus, a brief resume of the terminology should be given

The generic name Cryplococeus was first given by Kutzing™ to an organ
1sm which he found on morst window panes and which he classified among
the algae  His herbarium specimen 1s extant in sufficiently good condition
to prove that his fungus multiplhed by buddmg  Vwllenun™ adopted the
term for pathogemc yeast hke fungi which did not deselop ascospores, and
gave the name Cryptococcus homins to the Busse Buschhe organism ere
seems as yet no cause to abandon its use

The name Torla was first used by Persoon® to designate one of the
Dematiaceae, a form with short, dark hyphae and chains of globose comdia




Prate L Cryblocoucus seoformans

Ficcen | Criony o8 detrose agar 1 m
Fic vz 2 Budd og cells tn rat ¢ Ssue—showmg capsule X 400
R TE S Do B et ol Sture showrng Sppertcal budd me <els surroondee by narrow capsate
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x 4 Encapsulated cells from per taneal cav ty of mouse  Ind 8 1nk preparston (X 410)
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FicRe 7 Culture mount of C keoformens show ng paeudomvcel um

S0
r nmﬁgEDICAL

1303



1304 Annals New York Academy of Sciences

Turpin® used the same nime for nonsporulating yeast Iike forms, and bath
Pasteur and Hansen™ followed this practice” Berlese™ attempted to
correct the error by substituting the name * Torulopsis” for Torula, but
although this name was accepted by Saccardo 1t never came into general
use  Frothinghwm™ and Stoddard and Cutlet¥ adopted Tornla as the
generie name for the pathogenic asporogenous yeasts which they studied
On the other hand, Guithermond™ applied the name Cryplococeus to the
pathogenic types, and Torula to those which were nonpathogeme Lod
der™ (193%) made a plea for the return to * Torulopsis” as a genus for the
asporogenous yeast, and gave as a type species Torwlopsis pulcherrima
Stnce then, she, with Diddens * has shown that Torulspsis pulchersime s
a myceha forming yeast ike fungus, and belongs in reahity to the genus
Candida  The type spectes then must be removed from the genus and the
genenc pame 15 no longer valid  We find, therefore, that Cryplococcus
1n respect to both prionty and usage, sull 1s the preferred name

As to the specific name, Sanfelice® tsolated from a frmt a fungus which
Lodder many years later found tdentrcal to that of Busse and Buschhe  He
nimed lus fungus Sacckaromsces neaformans, which gives ‘ weaformans’
prionty, and our fungus becomes Cryptocaccus neoformans—with the Crypto
cocens fomums and Torula Justohtiea falling into synony my

A further change may prove necessary, since ascospores have been de-
scnbed 1n cultures of this fungus (Todd and Herman,® Redaellt and Ci
fern® and Goetz*), and on this basis the organism has been placed in
the genus D:bar)mn)f:: This work, however, needs further venfication

A1 - rm, -~ ;g v

pendent of the cipsule This also vanes in diameter, 1n some snstances
being 2 3 times the diameter of the cells, whereas in daughter cells or small
cells only a narrow capsule 15 observed The cells have a distinct wall
and contan from few to many granules The contents of the young cells
appear to be quite homogenous

In pathological tissues, a vanety of forms may be scen Commonly,
in the brain, numerous cysts are formed which contain large numbers of
smnll organisms some round, some convex These small organisms do
not appear to have a capsule immeduately about the cells as do the larger
forms  In other lesions larger cells are seen nhich appear to he n space
but in reahty are lymg n gelatinous matenial  Immedately surrounding
these cells which may reach 20 & 1n diameter, there 1» often 2 dense layer
of deeply staning capsular material  This material stains red with eosm
Sometimes strands of statned material seem to run out from the cell through
the rapsule giving the cell a spiny appearance  These have been noted
especially 1n matenal from espenmental ammals and have been regarded
as due to fixation  Some cells become very large and the wall thickens and
eventually ruptures thus destroying the cell Calafied forms hate also
been noted in ammal tissues

Charactenssies In Culture  Cry plococcus neeformans grows readdly o
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been able to produce sera wath a titer of 1~160 by treating the cells aith
acd to remove the capsule before immunizing, and then giving weelly
njections for 10 or 12 weeks 3

A number of strans from vanous sources, includmg that of Busse and
Buschhe, nere found to be antigentcally rdentrcal  The tests, however, did
not serve to separate the C homuns stramns from those Jabelled T Mstolytica
One pathogemic stram, the so called Saccharomyces tumefaciens of Curus,
was found to be different  These reactions did not defimtely separate the
pathogens from the non pathogens, as several of the latier reacted well
with C wegformans serum and only feebly with the serum prepared against
nonpathogenic strains  For instance, a nonpathogenic stram isolated
from the feces of a healthy ndividual proved to be sumtlar antigerucally
It completely absorbed agel from 3 path sera, but the reverse
did not hold true  The pathogenic strains drd not react strongly with the
nonpathogenc serum

Cov and Tolhurst'® report sera with a titer of 1-128 by grving 9 mjections
at mtervals of § days of a formalized suspension  Others have seported
negative results in their attempts to immunze rabbits

Further studies are being made with our recently ssolated strains 1 an
attempt to produce sera with higher titer and thus render more adequate
this method which promses to have value 1n the understanding of these
fungs Complement fixation tests have so far been reported negative, both
with the patient’s serum and with serum from immumszed rabbits

Pathogematy and Virnlence  The orgarusm 1s pathogenic for the usual
Iaboratory ammals, with rats and nuce the most susceptible, rabbits and
gutnea pigs less so Y irulence does not seem to change on artifictal media
The strawn purparted to be the onginal of Busse and Buschhe 1s stell patho
gene for anmmals  The virulence does seem to vary wath different strains
The ammals likewise show individual difference  Of any noculated group,
some will show more resistance than others and sunvive Jonger, but accord-
g to Cor and Tothurst,’® no noculated mouse escapes the mfection
Lestons ta the brawn, and ather tissues simtlar to thase seen w the human,
are encountered

Epidemiology  The way in which ifection tahes place is not clear The
disease occurs sporadically m both man and amimals and 1s met with »
all parts of the world It does not spread from person to person Q-
gamisms sinular, except n virulence, for laboratory anmals, and m the
ability to grow at 37°, have been 1solated from the shim and intestinal tract
of normal individuals  The Sacclaromyces 1solated from fruit by Sanfehice
appears identical  VWith these evceptions, C seoformans has not been
recovered except from lesions Some mutations may account for the
pathogenicity  The acquning of a capsule may sene to protect the orgall
ssms, which then find the tissues a favorable environment for growth

There 1s much need for a careful study and comparisons of case histories
m the hope that ight will be thrown upon the eptdemuology of this dreaded
disease
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n « w2 duqg attect other viscera  Central
B sus sysiem lestons may (oflow a prelmsnary wiechon of the shin or

may anse from some hudden focus, probably the hangs  The visceral forms
are frequently fatal, and the central nervous system cases wsarsably o
History  The figst description of the disease 1s that of > % i5t¥ and

Gilchnst and Stobes® I 4he S- 0 tRith a
Tor s, round

Trom
1 » st abe
1 poa ryceimm This was av frst called

€ wsum, but later, on the supposition that st was the sime 23 the Busse
Ruschhe orgamsm, 1t was vamed Blastomyces dermatindts  Qther cases
were Teported and 2 good description of the disease given hy Montgamery
and Ormsby® i 1908 ‘The mfection seems w0 e kmited to Norsh am - 5
with rases reported from at Jeast 7% eene )

cago ' N
one i { *
hocian
) suv nuy many the fungus
< o nyes germatiitdes

Symplomatolegy  The cutaneous form of the dwease apparently results
fromm surface miection and the fret Joe <~ pustules  They
gy e the neighborhood,
new 5 n & plague with o
raisec wpts wown to normal skin The centml partion

becomes covered with crusts, and mibary abscesses are
the marmn Lasges les~~  *
areas of the trunk i S
pamntess  Fever or sub
The systerc vantty may, as has been s;ud follow pmary wfection
of the skin, although, sn 50 per cent of the cases, the 6%t symptoms are
teferable to the respuratory tract  Subtutaneous voduler fesm and, 2s
he disease progresses, break down and ulcerate thus resembiing the cuta~
yeous nodules of eryprocotcosis  Grasulomatous nodules mas =t T
1 the lungs, larynx, boneg hiser ¥ Ane
"t
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i a dilution of 1 300,000 (Sanderson and Smuth,") but 1s of lttle thera
peutic value  Noojm and Callaway® tested seven sulfonamides agamst
B dermatidis 11 uiro and found that sulfonamilamide and sulfadiazine
were the most effectine  Concentrations necessary to effect the fungus
would, hawever, be too lugh for clinical use, except perhaps as appled
locally to cutancous lesions  Toster and W oodtuff® report that Blastomyces
dermatiidys 1s unaffected by pemeillin, even n doses as high as 30 oxford
units per cc, but streptothricin inhubits the fungus in concentratrons com

3 i PR e o, o1 er o, 1

skin lesions and used to wrigate the osteomyehtic infection  In addition
1t was mixed ¢ L N
enema  Trea
as cured . .
causes and, at autopsy, gave no evidence of infection with Blastomyces,
nor any evidence of harmful effect of the drug  ‘The effectiveness of ether
has not yet been confirmed by other obseriers

Diagnoxts  As with other fungus diseases, the diagnosis can only be
made definte by finding the charactenistic orgamsm either upon direct
examination or in culture  Skin tests may be a real aid, as mn this case 1t
1s a specific reaction stmilac to a positive tubercuhn reaction  The reaction
appears 1n 12-23 hours, reaches a maumum in 2 days  In very allergic
patients, the reaction may proceed to a sterle abscess A negatne or
weak reactton may result 1n patients i the terrmnal stages of the disease
On the other hand, positive reactions have not been noted m patients with-
out blastomycosts Martin® believes that a shin test should always be
made before starting treatment with 1odides If the reaction 1s less that
1 cm 1n dameter, 1t is safe to admimster potassium rodide, but, if 1 em

a o

~1 4 eLabehncns anb o homaceane b1 2 and chanld

mjections  Surgery also 1s of value in treatment, and X-ray therapy has
proved helpful i clearing cutaneous lesions, provided the hypersensitiity
of the patient has been reduced by vaccine therapy

Etiol ! Agent Bl yees de dis (Gilchnst and Stohes, 1858

Yomenclature  Many names have appeared 1n the literature to designate
this fungus  Some, such as Owduum, Zymonema, Acladuum, Alenrisma, and
Endomyces, express the authors’ belief as to the botamcal classification of
the organtsm  Others nere gnen because the authors failed to recogmz:
the adentity of therr stram »ith the species described by Gilchnst  Ota,
as a result of hss studies, concluded that a strain 1solated by Gammel, and
named Glenospora gammels by Pollaca: and Nanmzzi,” and two strams of
Blastomyces dermatilidis obtained from Weidman were identical, but added
to the confusion by naming the orgamsm icladium gammelt, and later
with Kawatsure® renaming 1t Alexrisma tudanense  Castellans® had pro
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posed the new genus Blastomycordes for the fung causing American Blasto-
mycosis  He made the mistake of including Blastomycordes 1mmutis
the genus

In 1934, 1n a comparative study of the fung: of blastomycosis and cocer
dioidal granuloma,®® I showed that Glenospora gammel: (Pollacc: and Nan
nizz1, 1927), Blagfomycoides (monosporium) fulanense (Castellant 1928),
Endomyces capsulaius (Newbridge, Dodge, and Ayers, 1929), Endomyces
capsulatus, vanety Isabellinus (Moore, 1933), and Endomjces dermaiidss
(Moore, 1933) were 1dentical with Blastomyces dermatitdis  Cferni and
Redaelli*® also showed these strains to be identical and proposed the name
Gilehristis dermatiiidis Conant® once more confirmed these authors and
compared many of these came strams with several strains of Flustomyees
dermatitidrs (Grlchnist and Stoles, 1898) 1solated from cases of blastomy cosis
at Duke Dodge® applted the name Zymonema (Buermann and Gougerot,
1909) to this fungus, giang as the type species, Endomyces dermaliidis
and placing 1t 1n the lower ascomy cetes, following Moore’s® report of asc1
i this stran The development of asci has not been confirmed, and there
seems as yet no vahd reason for replacing the name used by Gilchnst,
Blastomyces dermatihidis

Characteristics In Tissue  The fungus appears 1 the patient’s lesion
orin those of moculated animals as round or oval cells usually 8 1041
duameter, though often as large as 20 They usually produce one bud
at a time and the cells are highly granular  In sections, the wall 15 sharply
differentiated from the contents, which are somewhat shrunken by fixation,
thus pulling away from the wall and leaving a space  Ths, I believe has
led to the walls beng referred to as a capsule There 15, however, no
capsular substance comparable to that of Cryplococcus neoformans It
tissue, the organssms may be found 1n large masses but more often mingled
with leucocytes in an abscess, scattered through the granulation tissue of
phagocytes by giant cells

Charactertstics In Culture  This fungus assumes a vanety of forms,
depending on the medium and incubation temperature It grons well on
Sabouraud s media and 1s isolated most easily from the pus from milary
abscesses It takes from 10 days to 2 weehs to appear  If the first cul
tures are ncubated at 37° C and on blood agar, a brow nish, waxy to smootb
growth occurs which Hennai® referred to as the mealy” type In ths
type of growth, the fungus maintans the yeast morphology with only
occasonal elongated forms, indicating a transitional stage  Some cultures
become covered with tufts or spiny elevations which resemble coraemi2
This 1s Henricr’s “prichly” type  As soon as the cultures are brought to
room temperature, however, the yeast ike growth 1s lost, and an exten
sive, branching mycelum forms On Sabouraud's maltose or dextrose
medium, the fungus grows, slowly formng a downy to fluffy colony, at
first white but later deep cream or tan In gant colomes, the centrd
zones may show radial folds and often concentric rings  The colony often
resembles the Trickophytons Richetts™ recognized these three types O
growth
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was obtained on culture, and the serum from the dog was completely fised
with typtcal Blastomyces strans

Stummary

In this report, attention has been called to the fact that the disease
descnibed by Busse and Buschhe, in Europe in 1894, and those meningesl
infections later described by Ven Hansemann, Stoddard and Cutler, and
others are really one and the same disease, cavsed by a yeast hhe fungus
Cry ptococeus seoformans  Also, 1t has been indicated that North American
blastomycosis 1s an entrrely different disease, caused by a mycelum
producing fungus, Blastomyces dermatytidis A detailed consideration of
these two fungt has been given and the correct termunology discussed
Once more, the suggestion 1s made that the term Blasiomyces be discon-
tinued, except as 1t pertains to Gilchnst’s disease, and that Blastomyces
dermaltitidis be made a nonten consertandum for the fungus mvolved  Loke-
wise, 1t 15 suggested that the name cryptoceccosis replace torulosts or torula
memngttis for the meningeal cases, and that Cryplococcus weoformans also
become a nomen consertandum
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ringy orm lesions, 1t was found that, by the use of 2 medium nich 1n peptanes
such as heart infuston tryptose agar (blood agar base, ‘ Difco”), not only
were the chances of 1solation greatly improved, but continued good growth
with prod of dia and mac ha could be obtamed
most nstances  This was particularly true when thiamine was added to
the medium, and 1t was recommended that heart infusion tryptose agar
with added thiamine (0 1 mg per 100 cc ) be used for the 1solation, study
and muntenince of these cultures
These findings suggest that these orgamsms are deficient, that 1s they
are unable to synthesize (at least 1n sufficient quantities) certan growth
factors necessary for the imtiation and mamtenance of growth and for the
production of spores That thramine may be one of these factors 1s mndi
cated by the production of rapid growing, vigorous, fluffy colones with
many spores when this vitamin is added to a rich peptone medum  The
possibility of other growth factors n the heart infusion tryptose medum
1s also to be considered
Tt 1s the purpose of this paper to study this group of “deficient organisms
i order that a better understanding of their growth charactenstics and
requirements may be obtamed
Itistory A trichophyton of faviform type was first obsened by
Sabouraud 1n 18934 He 1solated the orgamism from a child who had 2
flat lesion on the temple which was suppurating at many pomts from
gummy, crached crusts  The culture developed with extreme slowness and
showed charctenstics analogous to those of Achorion farus, the causatne
orgamsm of favus now known as Trichophyton schoenleims  Preparations
of the diseased hairs however, did not reveal an endothrix parasitism, s
seen 1n favic hairs, but they did show an ectothnix fungus with large spores
n mosc and accastonal chans of spores lying along the side of the hawr
The radical part of the hair was filled with branching my cehum  The <pores
varied i size from 5 to 8 microns
E Bodin who studied this organism, was also able to isolate several
sumlar cultures from lesions on horses, a donkey, and a calf Bodin® has
furnished a description of a spectes which he called “Trichaphyton favfurme
die vean® (1t was later named T rerrucosum [1902)) ¢ On glucose agar the
culture forms a little cake in a month's time  Part 15 submerged 1 the
agar and the surface 15 irregular, verrucose and grey It may show acen
tral accumulation ' In the epidemic among horses reported by Bodn
the hairs showed that the parasite was an ectothrix fungus  He also ob
served the nfection 1n mine persons and descnbed the human lesions 53
sthich herton i the form of a cupola niddled with suppurating follicles
In 1908 Sabouraud® described two species m this group  One, which
he called Trichophyton ochracenm, corresponds well to the T zerrucosum
described by Bodin except that it 1s a bnilant vellow ochre The second
species T albiom 15 dufficult to distingwish from 7' schoenleins  Sabourau
described 1t on 3 per cent peptone medium as a glabrous waxy colon 3
<pongy surface and y ermicellular appearance  On maltose agar, 1t 1s heape!
up and shows an umbilicate center and sloping sides which hase man}
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ningworm lestons 1t was found that, by the use of a medium rich in peptones
such as hewrt infusion tryptose tgar (blood agar base Difco ) not ooy
were the chances of 1solation greatly improved, but continued good grotth
with production of microcomdin and macroconidin could be obta ned m
most instances  This was particularly true when thiamne was added to
the medim  and 1t was recommended that heart infusion tryptose agr
with added thiamine (01 mg per 100 cc ) be used for the solatwon stud
and muntenance of these cultures

These findings suggest that these orgamsms are deficient that ts they
are unable to synthesize (at least 1 sufficient quantities) certam grosth
factors necessary for the mitirtion and muntenance of graw th and for the
production of spores  That thiarmine may be one of these factors 1s 1nd
cated by the production of rapid growing vigorous fluffy colones ® th
many spores when this vitamin 1s added to a rich peptone medum  The
possibility of other growth factors in the heart infusion tryptose med um
15 also to be considered

Itas the purpose of this paper to study this group of defictent organisms
 order that a better understanding of their growth charactenst ¢s and
requirements m1y be obtained

Instery A tnchophvton of faviform type was first obsened be
Sabouraud i 1893 ¢ He 1solated the orgamsm from a child who had 2
flat lesion on the temple which was suppurating at many pomts fron
gummy crached crusts  The culture devcloped with extreme slo vaess a8
showed charctenstics analogous to those of Achorion farus the causati ¢
organism of favus now hnown s Trichophyton schoenleunt  Preparations
of the diseased hairs however, did not reveal an endothrix paras tism 2
seen in favic hairs but they did show an ectothnx fungus with large spores
n mosaic and occastonal chams of spores Iy ing 1long the side of the har
The radical part of the hair was filled with branching my celum Tl ¢ spores
vaned 1 size from 5 to S microns

E Bodin who studied this orgamsm was abo able to 1solate 8
similar cultures from lestons on horses a donkey and a calf Bodn*hs
furnished a descniption of a spectes which he called Trichophylon favifornt
dis teans (it was later named T rerrucosum [190°])  On glucose agyw ‘ht
culture forms a Lttle cake 1n 2 months time  Part 15 submerged n t8¢
agar and the surface 1s irregular, verrucose and grey Tt my shoy acen
tral accumulation  In the epidemic among horses reportei by Bﬂdl’;
the hairs showed that the parasite was an ectothrix fungus He ako 01
senved the tnfection m nine persons and described the human lesions as

thick Lerion in the form of a cupola nddled with suppurating folhtlcsh

In 1908 Sabouraud® described two spectes in this group One “h’fm
he called Trichophylon ochraceum corresponds well to the T rerr “’”’“
described by Bodin except that 1t 15 a brilhant yellos ochre  The sec®
species T alby 15 difficult to cistinguish from T se/ oenlernt Sabﬂ“"“o
described 1t on 3 per cent peptone medum as a glabrous waxy colon
spongy surface and vermicellular appearance  Onmaltose agar 1t 15 hea] oy
up and shows an umbilicate center and sloping s des which have ma

several
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dichotomously dividing my celium 1n the interior of the hair  This picture,
however except for the larger size of the spores, 1s not different from that
1ly seen in p f where the interior of the har
may be filled with branching mycelum  The presence of mjcelal fila
ments m the mntertor of the hair, as descnbed by Baudet® and often seen
by us in exammnation of hares from cattle as well as from patients, probably
15 indicative only of the early stages of invasion by the fungus There

seems to be no valid reason for calling the parasitism endo-ectothnix
One of the species studied by Lebasque, Trichophyton equuntum (Gedoelst),
presented a downy to flufly culture on the classic ¢ proof medium " How
ever, spores were not obtained until the culture was grown on the natural
carbohydrate mediums Lebasque did not feel that there should be a
members of the group as bad

0

. ¢ vitamin-defictent orgamisms
was clearly shown by Robbins, Mackinnon, and Ma!® in their study of the
Mackinnon stramn of T discordes 1solated in Uruguay ~ They demonstrated
that this stram required three vitamins for growth pyndovine, 1 mositol,
and molecular thiamine  They were able to produce growth on a basil
medium prepared with punfied agar, recrystallized asparagie devtrose
phosphate buffers, and inorganic salts only after these three vitamns had
been added  The thiamine could not be substituted for by an equal mix
ture of thiazole and pyrimidine

Burhholder and Moyer," have shonn that a stramn which they call Tt
chophyton fattforme has a deficiency for thiamune and nositol, and that
1ts grow th 1s stumulated by medta containing liver and peptones

Schopfer and Blumer,® in their study of the growth requirements of 2
stran of T album which they 1solated, have shown that this particular
strain, although able to grow to some extent on a basal medum without
the addition of any vitamuns, produced a more rapid growth when biotin
was added This was particularly true when a mitrogen source such 5
ammonum citrate was used n place of asparagine or ammo acids  The
action of the biotin was shown to be dependent on the physiologicat age of
the culture They also demonstrated that, tn an unbuffered nutnent
medm, thiamine, mosttol, and pyndotine cleatly furthered the develop

ment when asparagine was used as a mtrogen source Hereat “as‘lm:réd
. 1 v eafarthe

wing
al
they

obtamed a mycelial werght chree tumes greater than 1 control Ssks

In contrast to these studies, 7' schoenleim: has never been shown to be
stunylated by vitamins  That this 15 also a deficient orgamsm, howevets
has been shown by the following findings (1) Whole grain mediums stimt
late the production of rapidly growing, heavily powdery or downy cultures
with numerous microcomidta This 15 1n contrast to the usual slow gm““‘l‘o’
glabrous cultures obtamed on the routine sugar mediums, which rarely
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Ficvee 1 Tr chephylon fau fo mo—SAbouulld s dextrose agar ( Df o ) 40 days {4} vane y olbwm
(b)va ety d o des () va ety ock

‘\’"

< morpholost

© 2 T hophyton far fo me—Sabouraud s dextrose agar ( Df o) cnm te st mor
show ng ¥ ceulat bran hed * fav o m my el um'w B fume ous ch amydospo e5
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Fiovae 1 Tr chaphytom fov forme—Sabouraud » destrose agar { D fco } 40 days (a) vac ety slbum
) var ety di coudes () var ety ocheaceum

.
. \.,e,@,.%!—.‘,

Ficuae 2 Tes hephyton fosyorme—Sabournud s dextrose agar { D feo, ) Charactenst c morsbsle?
show ng sregular branched ~ fav form  mycel im w th numerous chlamydospores &
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Varntion in the faviform tnchophytons was first suggested by Cazalbou
in 1913 v hen he desenbed a species which he called Trickophyton singulare,
which had two cultural states, a glabrous cerebnform colony and 2 downy
flat disc-shaped colony The cultures were found to be reversible In
1938, Gammel and Work' described a case of sycosis parasitica due to a
faviform trichophyton which they destgnated as Fatofrichophyton album,

[ P R -

vanety sigulare  After several transplants on Iner infusion agar thi]y
obtamed two distinct types of growth, a cerebrform type and a less wel
rentiated discord type
dl?rehese findings, as “YeI]’] as our data obtamed with single spore cultures,
seem to mdicate that T alburs, T discordes, and T ochracenm ate not mO\:
phologically distinct 2nd suggest that they are vanants of a smglz SPfC‘;::_
We propose that they be classified as T fartforme (varieties album,
cordes, and ochraceum)
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B Grouth on N o’ Grans
I Gross dppearance On the patural polysacchande mediums, most
i . '

extended from the hernels and nas vimibly erect  In some cultures true
fiofly growth appeared

2 Macrascopic tppeasanca  The mycelum 13 well developed m 12 to
15 days and consists of 2 regular branchung feuous mycehum nith occa,
sional chlamy dospores  The aerial grow th contasns numerous conidia nhick
are <een scattered along the mycelum fen thyrse) as well as m terminal
pme tree like clusters (en grappe) (F1GCRES G and 7} These mncrocomdia
are not pediculited and break off squarels from their point of attachment
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to the mycehum on which they are mplinted perpendiculacly They
are eastly detached and are sprinkled all through the preparation  Thess
size vanes from 15 to 2 mucrons by 3 to 4 mucrons  Although there 1s con
suderable varatson in size and shape 1n general they tend to be mose slender

Fouxz3 Colany showing both & bum and d scord venat o8 Deve aped on Ssbourand s destrose g2
from & 3 ngle sgore cultice ang nally of the 1 bum vanety

» el

Vioues 6 Trichophs on fov forme from g owth on ewe g ans M oron 2 en Hhy

and elongated than the typical peat shaped or sound conudia of ¢ ¢ grpseu?
group

Macroconidia ate alsa found wn the dony to fluffy aersal mycehum a’;;
pearing from the tenth to thirtieth day ~ These range from 20 to 30 mucro
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C  Grouth on Enriched Mediums
Yeast and Iner extracts both had a defimte stimulating effect on the
growth rate of the orgamisms when added to the sunple sugar medms
On such enriched mediums, all the struns grew rapudly, producing heavy,

compact colonies covered with a white, downy to fluffy aenal mycelum
which contaned microcomdia and occasional macroconidia  The amount

N ~
A\ \

Figoxe 9 Trs hophyton fav forme—-heart nfus on tryptose azar plus th am ae (01 mg per t00ce) 40
days a) vaniety album (bY varety d coider (c} var ety echruceum

of aerial grow th depended on the strain as well as the amount of the extratt
added

Additions of beef heart nfusion, Bacto tryptose and citrated humill:
blood were studied 1 view of the fact that, in the ongtnal 1solation wor e‘
blood agar plates prepared with beef heart mnfusion and Bacto tryptost

(blood agar base lec'0 ’) had brecn used and found far Supenor}o IS:B.O:"\
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on the basal agar as well as on basal agar with vanous vitammn addit ons
The results tndicated that (1) seventeen of the strains had similar vitamin
requirements namely 1nositol and molecular thiamume, (2) one stram %18
required pyndovne 1n addition to inositel and molecular thiamimne and
(3) two strans ¥19 and %20 showed no essential yitamin requirements
growing equally well on the basal agar with or without vitamin additions
{For descriptions of these stramns consult  List of Strains )

1 Setenteen sirains which require inositol and thigmne  This group 1n
cludes 16 recently 1solated strains as well as a stock stramn %17 T dis
cordes (Papegaay) obtained from the Central Bureau for Fungus Cultures

only n the presence of nositol  Pyndoxine has no effect alone or when

r~|‘“~”
ANET TF
i \.1“‘1‘.’ A

Fouee 10 T schophy on fa forme stran K11 wh ch sequ res Inos tol and th am ae for growth, Addl
tonof py doxneand v tam nmizture does ot change the amount of grow i

added to medm contaming super-optimal amounts of mositol and tht
amine  None of the other vitamins tested included i +itamin mxtare
(calcium pantothenate 100 gamma per cc mboftavin 100 gamma per ¢©
mcotinamide 100 gamma per cc  biotin 00> gamma per cc  para nmmt:j—
benzoic acid 100 gamma per cc  choline chlonide 160 gamma per ¢ K
folic ac:d 100 gamma per cc } showed any effect when tested singly or lv;
all posstble combinations or when added with super-optimal doses of mosito]
and thramme (FIGURE 10) "
Tnositol was not effective for certawn strains in amounts less than

gamma per cc  The amount of growth with 10 gamma per cc was \err:'
small and for the most part subsurface It was alnays defimitely T‘or
grow th than on control tubes however and 1s recorded as one plus Au&
ther increase 1n the nositol did not increase the amount of growth hsch
result of these findings 100 gamma of 1nostol (ten times the amount ¥ !
showed this effect) was used as 2 super optimal dose to produce the mas!
mum effect of th s vitamm m this medium
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on the basal agar as well as on basal agar with vanous vitamin additions.
The results mdicated that (1) seventeen of the strains had sumilar vitamin
requirements, namely, nositol and molecular thiamine, (2) one stram, §18
required pynidoxine in addition to mositol and molecular thiamine and
(3) two strams, %19 and % 20, showed no essential vitammn requirements
growing equally well on the basal agar with or without vitamin additions
(For descriptions of these strams consult, ‘ List of Strains )

1 Setenteen sirains which require 1nositol and thiamme This group m
cludes 16 recently 1solated strains as well as a stock strain, ¥17, T dis
coides (Papegaay) obtaned from the Central Bureau for Fungus Cultures
Holland ~ These strains showed morphologtcal and cultural charactesstics
typical of T fatiforme of the album, discordes, and ochracewm vareties

Tor these strains 1nositol has some effect alone, but thiamine 1s effectnve
only n the presence of mositol  Pynidoxine has no effect alone or when

,%‘ ‘Mq .:

FiGLae 10 Tt chophvion fux forme stean $1) whch Tequies inos tot and th am ne for growth. Addi
ton of pyr dox ne and v tam a ouxture  does not change the smount of growth

added to medium containing super-optimal amounts of mositol and |le
amine None of the other vitamuns tested, included 11 “vitamin mixture

{calcium pantothenate 100 gamma per cc, rboflavin, 100 gamma per €

nicotinamude, 100 gamma per cc, biotin 005 gamma per cc, para amino:
benzotc acid 100 gamma per cc , choline chlonde 100 gamma per cc, a0

folic 21d 100 gamma per cc ), showed any effect when tested smgly of “i
all possible combinations or when added with super optimal doses of 1nositol
and thiame (FIGURE 10)

Tnosttol was not effective for certam strains in amounts less than 10
gamma per cc  The amount of growth with 10 gammn per cc »as very
small and for the most part subsurface It was always definitely moré
grow th than on control tubes however, and 1s recorded as one plus Fur
ther increase m the mositol did not increase the amount of growth AS:
result of these findings, 100 gamma of mositol (ten fumes the amount whi!
showed this effect) was used as a super optumal dose to produce the max
mum effect of this vitamin m this medum
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agar not only replaced the essential vitamins where these were required
but 1n all cases produced a heavier and more ripid growth  This suggests
that there are other important nutnitional factors required to produce
maximum grow th

*z 11 Trickophyion d 5 ondex (Mack aron) strafn #13 wh ch requ res pyr doc ve In afl ton to

Fic
inos tol sud th amine
= 'RES -
R
LN o D

.

Ficee 12 Tos hophpton facsforme stran #8 wh ch requ res anos tol and th am ne for growth The
th am ne must be p esent 'a the molecular form and cannot be replaced by th azole pyr m d be ofa comb 08
Lon of these two  Oxalacetate shows 0o act o

4 Influence of Different \irogen Sources on the Vitamin Requiremenls
Ammomum chlonde 035 gm per liter was substituted for asparagme 1
the basal agar (This medium 1s designated as  Basal Agar B ) Abo
a basal agar was prepared 1n which 005> per cent of vitamn free casent
hydrolysate ( Smaco ) was used 1n place of asparagme ( Basal Agar c)
On both of these mediums the essentral vitamn requirements of the straio
stucied were found to be the same as on Basal Agar A,” which contatned
asparagine as the nitrogen source None of the strams except #19 and
#20 would grow on these mediums unless the essential vitamins inositol
and thiamine (or inositol thamine, and pyndoxime 1n the case of stract
%18) had been added
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Ficrae 13 Trn hophplon far forme stran #5 on basal asparagine agae enriched w th anositol and th
amne  Note large number of mcroconda 80X
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Ficezs 14 Trichophrion fumforme stran 88 on bassl asparagme agar ennched w (b inos 1
amoe Note large mumber of macrocon da 400X
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scoprcally 1t consisted of a fasiform type mycehum and large numbers of
chlamydospores  This stran, obtamned from the fungus collection 1 Hol
land, has apparently lost the ability to produce the yellow-ochre pigment
described by Sabouraud for this species It has also lost the ability to
produce a downy culture with spores on whole gram medums described
by Lebasque® Although this strain showed no essential vitamn deficien
cles there seems to be no reason to consider 1t as distinct from tv o stramns
of T fauforme (vanety ochracenm) which we have isolated which require
thramine and 1nositol and produce downy cultures with spores on vitamin
enriched mediums

€ Quantilatne Studies 1w Basal Broth with Vitamun Addinons

Using the buffered Basal Broth A ” contatming dextrose magnesium
sulfate, and asparagine several of the strains were studied 1n order to de-
termine the quantitative effect of addition of the essential vitamins and to
compare the mawm growth ob 1 on w1t hed synthetic
medium to that of a natural medium, heart 1nfusion broth { Difco }

The Basal Broth A’ was prepared, adjusted to pH 70 and sterthzed
by filtration  I'fty cc amounts were placed i 150 cc Erlenmeyer flasks
and the freshly prepared vitamin solutions were added mn excess (supra

an -

experiment stramns # 1and #5 1solated 1n Pennsylvania and #17 T dis
cordes (Papegaay) a stock stram from Holland  On Sabouraud s destrose
agar strain %1 habuually produced the album vanety of colony while
stramn ¥ 5 was of the discordes van ! i
#18 T discordes (Mackinnon),
mosttol and thiamine and strair *
a stoch strain from Holland which had not shown any vitamn deficiencies
The flasks were inoculated with tiny shreds of washed my celium preprmd
as described above, and the cultures allowed to grow at room temperature
bewng shaken at intervals in order to heep the grow th of 2 umiform submerged
type After 10 weeks, the entire contents of the flasks were filtered through
previously weighed saintered glass filter cups  The retained mycelium %38
washed with at least 200 cc of distilled water and pached nto a compact
mass on the bottom of thecup  The cups were dried in a constant temperd
yare ovenat L0°C for two hoursand after cooking vemeighed onan analyt
cal balance  The weight of the mycelum was calculated  All g]JSS\\.’H’;
was cleaned with acid cleaning solution rinsed well m distilled water an
sterihzed by dry heat TABLE 2 gnes a summary of these tests !
None of the vitamun-deficient strams showed any growth m the bass!
broth beyond a small amount of fuzzing which indicated that the u:aculuzr;
was alive  Stran %19 produced considerable growth apy 2 "
mg (average of 6 tests) The single vitamuns or the vitamn combmanone
showed no stimulating effect on this stram and approvimately the sam
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2 nemee o~ = 1 v

a larger supply of available mtrogen or the presence of unknown growth

factors which cannot be identified with any of the vitamins studied
Growth of the vitamun deficient strains corresponded well with the re

sults obtained on the basal agar slants i the previous expermment The

three strains studied which had shown growth with inositol and thiamine

#1, K5 and %17, showed even more clearly here that these vitamins were

required and that addition of pyndovine, as well as the other vitamins

v . pa

saball de o

basal slants contaiming this vitamin

Strain % 18 was again shown to require pyndoxine 1n addition to mositol
and thiamine The small amount of growth produced by mositol alone
was less than 2 malbgrams  None of the vther vitamins tested had any
effect on the amount of growth preduced R

All of the stramns showed considerable increase m growth m the flasks
contaming heart infuston broth However, even more growth could be
obtained with the vitamin-deficient stramns when super-optimal amounts
of the required vitamins (based on the dosapes of these vitamuns which
would produce maimum growth n the basal asparagine medium) were
added to the heart ifusion broth  This indicated that the required vita
s were not present 1 sufficient amounts to produce maumum grow th
this medwm  As Schopfer and Biumer' have shown for Piycomyres
blakesleeans, the action of the vitamuns 1s dependent on the medium By
ncreasing the protem content, the optimal dosage of required vitamins 15
raised and the production of dry matter 1s increased

Titrations were made 1n asparagine basal broth in order to determine the
smallest amounts of the essential vitamins which would permut growth of
several of the strawns studied

Basal Broth A was placed 1n 10 cc amounts in test tubes (150 X 18

mm ) and sterihzed by autoclaving The vitamin to be titrated was added
aseptically 1n a volume of 10 cc to one of these tubes muxed and senally
diluted through a series of 30 tubes the amount of vitamin thus being halved
byeachtransfer  Four titrations were carried out for each of the four strams
studhed and these were done in duplicate (1) titration of mositol alone (2)
titration of nositol 1n the presence of thiamine (1 cc of 2 standard thiamine
solution beng added to each tubeat the completion of the dilution procedure
giving a final concentration of 5 gamma per cc }, (3) titration of thmmmel;
the presence of inositol (1 cc of a standard ingsttol solution beng m‘ldel
to each tube at the completion of the dilution procedure giving & fina
dilution of 100 gamma per cc ), and (4) titration of pyndovne in the presenc;
of thiamme and mositol  Control tubes contamed basal broth alone an
basal broth with each vitarmn singly and in all combimations 1 SUP';c
optunal amounts  All tubes were brought to equal volume with stern
distilled water
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to decrease gradually 1n amount, the end point of the effect of this Gtamm
occurnng i dilutions contammg 0002 and 00D gamma of thiamine per
cc  Beyond these dilutions, only a small amount of growth occurred m all
tubes which could be accounted for by the inositol present, which as shown
above, has some action on these stramns without thiarmne  Thus thamwe
alone showed no action on the grow th of these strans  But, 1n the presence
of mosttol, the amount of growth was roughly proportional to the amount
of thiamine present until a maumum amount of growth for this medium
was obtamed

Titration of pyndovine 11 the presence of inositol and thiamme did not
gve any evidence of stmulation by this vitanun except for strain %18
which has been shown to require pyndovine 1 Vith this stramn heavy

ane e 1

the efleCt 01 this ViLdUUN OCLUTIING I 4 ULULIOL LOltdiing v Roe pu av
pyndoune per cc  The very small amounts of growth which occurred
all tubes beyond this dilution could be accounted for by the 1mositol pres
ent, which has some effect by itself

Stramn # 19, which bad not been shown fo be vitamin-deficient by pre-
vious methods grew equally well 1 all tubes, thus showing no stimulation
by any of the vitamuns tested  This strain was also tested using dilutsons
of biotin 1n the Basal Broth A” and also 1n ¢ Basal Broth B’ in order to
determine whether biotin had any effect as reported by Schopfer and Blu
mer® for a stramn of T olbum  No effect of biotin, erther i asparagme
tasal broth or 1n ammonwum chloride basal broth, was observed

Part 11T Grouth Charactersiics of Other Spectes s the Fauform Trichophylon
Group

A brief surey was made of other species in the faviform trichophyton
group 1n an attempt to relate these forms on the basis of therr cultura!
charactensttcs and nutritional requirements  The following strans were
studied (1) six strawns of T schoenletns recently 1solated from cases of favus
and (2} several cultures obtawned from the Central Bureau for Fungus
Cultures, Holland T smmergens (Milocheuitch), Fatotrichophiion decipiens
(Boedyn and Verbunt), T' bullosum (Lebasque) and T eguinum (Ge-
doelst)

A Trichophyton schoenlent

The six strawms of T schoenlerns studied showed cultural characterstics
typical of those descnibed for this species On Sabouraud $ dﬂmm);:d
maltose agar, these strams produce slow growng, heaped and fol
colonies which are at fust largely glabrous, but later usually develop
some white ponder and In some areas a short winte down Xmﬁt“dﬂ;
branching mycelis grow 11 the depths of the medium and form ragged ¢d3
about the rused colonies  The colony type is vartable, 2 smgle stran show
1ng reversible changes from completely glabrous to donny cofontes ¢
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The stra of T tmmergens obtained from the stock collection in Holland
produced colonies similar to those descrtbed by Milochevitch.  No stimula-
tion of growth was observed on enriched mediums and no microconidia or
macracomdia were obtained, the strain appearing to has ¢ become completely
pleomorphic  The growth on the basal agars was smmular 1 all respects

I e WO gy

5 $9 &

FI1GURE 15 Treckophyion schoenlems tube #15—growth an basat asparamue agac tube # ti—growth on

| s3parasine agar plas mositol thiamine. and pynidoune tube K 10-—~growth on bassl asparagine axsr
plus ¢ vitamm mustare  tube #11—growlh on basal Bsparagine agar plus wositol, thiamine, pyndoriue
and “vitamn mstare

ft-n.r—‘
.‘.‘-‘.~ _'T E EE

%' L} ]

Fictae 16 Trickophyton equinwm (Boedun) roquires mcotsmic deud for growth  This can be substt
tuted far by oicotinic amde or 1 tryplophane

to the growth on both the sumple sugar mediums as well as on the enriched
mediums  Thus, no deficiencies could be detected i this stram

C Favolnichoplyton dectprens

Favotrichophyton dectprens (Boedyn and Verbunt),
the fungus collection n Holland, produced a flat, greyish colon "
small raised center and many fine radial grooves  The colony was cum“)
with a scant but long greyish decumbent aenal mycebum Microscop!

also obtamned from
y with 2
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amounts of nicotmic acid or one of the ammo acids present in casein mught
have sumulating properties for this orgamsm It was found that | trypto
phane had this property, and that when added to  Basal Agars A or B
good growth of T equunum could be obtained even in the absence of nico
time acid or nicotinamude (F1GURE 16)  d Tryptophane was found to be
mactne  The type of growth obtaned with I tryptophane was similar in
all respects to that obtaed when nicotinic actd was present The com
bination of nmicotinic 2cid and tryptophane did not change the character
of this growth

Titrations were made 1t ammonium chloride basal broth to determne
the smallest amount of mcotinic acid micotinamude, or ! tryptophane which
would permit the growth of the stramn of T equinum studied  Results of
the titrations were as follows (1) both nicotinie acid and nicotinamde were

show a possible interchangeable role of these two substances Later ex
peniments by Rosen ef al® and those of Sarett and Goldsmith® indcated
that tryptophane may be an important precursor of nicotinic acid 1n rats
as well as in humans and may explain the antipellagragemc actvity of
certain foods such as mulk, which 1s low 1n meotime acid but nch 1n protemn
Bonner and Beadle® have recently described three X ray mutants of neuro-
spora which require nicotinic acid for growth  On the basis of thetr studies
W oolfey ™ has postulated that, if tryptophane 1s a precursor of mcotinic 2cid
m neurospora, it must be three enzymatic steps removed from the vita
min

-~ oo wihy

According to Schopfer  no naturally occurrning fung: have been reported
to require nicotinic acd  Turther strains must be obtaned and studied
before it can be determined whether this requirement reported here for a
stram of T equinzem 15 charactenstic for this spectes

Summary and Conclusions

(1) As a result of morphological and cultural studies employing smgle
spore strams of recently isolated faviform tnchophytons, as well as 2 stut;._Y
of the growth requirements of these strams 1t seems apparent that
album discordes and ochraceum are vanants of a single spectes  We proP"sg
that they be classified as T fatforme (vameties album, discordes 20
ochracem) o

(2) On the usual sugar mediums grow th was very slow and meagre 2!
of the glabrous nonsporulating type charactenstic of the faviform gm“lz
However cultures on enriched and whole gramn medmms demonstrate
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or a combination of these two component parts of the thamne molecule
Inositol produced some effect alone, and seemed to be concerned with the
nitiation of grow th and development of the mycelium only to a certain pomt
Thiamine showed no action alone, but, in the presence of an adequate sup-
ply of nositol, 1t stimulated these stramns to produce rapidly growing cot
onies covered with 2 thick white aenal mycelum which contained micro

on synthetic, vitamun free medium with asparagine as nitrogen source
These are nositol, thiamme, and pyndouine The thiamine could not be
substituted for by pyrumdine or thiazole or 2 combination of these tno

3 parts of the th ) These authors also showed
that certamn other substances present 1n natural mediums have 2 stimulat
g effect on this stran

(g) A heterotrophic strun, T bullosum (Lebasque), would fiot grow on
any of the synthetic vitamin free mediums and was not stimulated by the
addition of large amounts of any of the vitamins studied or casein hydroly
sate  The growth requirements of this stram are undete:

(4) Quantitatrve studies with the vitamin-deficient strains indrcated that
the amount of growth n the asy broth uper-optimal
amounts of the required vitamns did not 1n any case attain the value (dry
weight of mycehum) obtzined m a natural medum, heart infusion broth
(‘Dafco™) It was further shown that the opttmum requirements for the
vitammns was dependent on the medium employed

The smallest amount of inositol which would allow growth i asparagie
broth ranged between 1 and 10 gamma per cc depending on the stramn
studied which required this wvitamin  The amount of growth produced
was never more than 2 mg and could not be increased by further addition
of wmosttol

The smallest amount of thiamine, n the presence of super-optimal
amounts of mositol, which would allow growth m asparagme broth ranged
between 0002 and 0004 gamma per cc, depending on the stram whick
required this vitamin  As the thiamne was mncreased, a correspondiog
increase in amount of growth was obsened Maumum growth was ob-
tained with 002 gamma of thiamine per cc

The smallest amount of pynidovine, n the presence of super optimal
amounts of mositol and thiamme which allowed growth n asparagne
broth of the strain which required this vitamin was 0002 gamma pef “f
As the pynd was sed, ponding wmerease wm the amoun!o‘
growth was observed  Maximum grow th was obtained with 0 01 gamma ©

nidoxine per cc
PyThe smalﬁst amount of exther nicotinc acid or nicotinamide which \\%u(;‘:
allow the growth of T' egunum 10 an ammomum chlonde broth “35 low
gamma per cc  The smallest amount of | tryptophane which wau]l1 facmt
the growth of this orgamsm 1n the absence of the vitamin growth 1a
was 12> gamma per ¢¢
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(5) The close relstionship of the faviform tnchophytons to T schoenlens
has been shown, from the early morphological studies by Sabouraud and
Bodin to the present study of growth tactore  Howerver, clanity tn the
hterature and a better understanding of thewe organisms and the diseases
which they produce may best be accomplist ¢ | by distingwishung the favi-
form tnchophytons as a group separate trum f schoenleimt  This 18 pro-
posed on the followng basis*

(a} The faviform trchophytons are | nmanhy nfectious agents which
cause ningworm n cattle and other done  « 1 mals while T schoenlevns
causes 2 spectfic disease, favus, which 15 usualh transmitted from rman to
man

{5) The faviform tnchophytons {vith fe v v eptions) produce a deep,
suppurative type of lesion mman  Tte jar tsm of the hawr 1s tvpically
large-spored and ectothrix and the hurs r trhen off close to their roots
This 15 1n contrast to the usval scutuisr e ns praduced by T schoenleins
and the endothnx wnvaston of the len2th 1 ¢ hurs

(c) The faviform trichophy tons are detin 1 ¢ 1 mulated by ennched or
whole grain mediums with production <ty 1 r wth with microcomdia
and macrocomdia  T' schoenlerns strains <h s anky slight stimulation on
such mediums, and, when this occurs we hise observed only few micro~
conidiz and no macroconidia

(d) Of twenty strams of faviform trichophyvtans studied, erghteen shoned
essential vitamsn deficiencies for mosivl and thumine and in one instance
for pyndoune as well  One member of the faviform group was shown to
require micotinic acid  Nane of the six strains of T schoenlennr studied
showed an essential vitamun deficiency nor were any of the strains stimu
lated by large amounts of any of the vit tmins stuched

{¢) One stran which we have studied T aibwm (Baudet and Stuhmer),
appears to be very clasels related to T schrenlesnt and possibly represents
an mtermeduate stage between the 1 rtamin=deficient favrform tnchophy tons
and the T schoenlerm strains  This straun shoned o vitamin deficiencies,
but 1t lacked the ability to produce same ather substances ptesent in natural
products which were required for vigorous growth and production of «pores
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Lsst of Strains

I Trchophston faviforme (var album, discordes, and ochracetm)
Strams #1- %17, which require 1nosstol and thiarmne
@) $1-%8 Isolated from suppurative mngworm in farmers, Pennsylvams.
Contact with infected cattle established i all cases
Colomes of three vancues album, discoides, and ochraceum

® %9 Isolated by Dr I Seligman, Baltimore, Varyland
Pauent presented a deep, suppurative lesion
Contact with mfected antmals not knonn
Colony of the album vanety

L

(¢ ¥10-%15 ~ THome s

@ %16 Tsolated by Dr § Auchhiesiger, Quito, Equador
Cattle 1n this region are beavily Infected with naghomm
Colony of the album variety

@ 5 d

Stran «
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i o »
Stock stran Central Bureau for Fungus Coltures Hiolland
11 Related Species
(2} S strans of T_sehoenlerns recently isolated from favus cases by Miss ¥ E
Hopper, \ew Yock Hospital \ 1

6 Th‘: (gﬂowmg stock strasns from the Central Bureau for Fungus Cultures Hof
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NEW INSIGHT GAINED IN GENERAL PATHOLOGY AND
PRACTICAL MEDICINE BY THE STUDY
OF SPOROTRICHOSES

By Henn Gougerot*

Professor of Dermatology and Syphilology, Vedical Fuculty of the Umiversity of
arss, France

The first two cases of sporotrichosis obsersed werk that of Schench {the
fungus of which was classified by Smuth 1n 1898 as Sporothniy schencks),
followed by that of Hoekten and Perkins in 1900 By climcal analogy,
these latter authors connected their case with a clinical observation of
Brayton which was not examined bactenologically These three Amencan
cases had the form of an ascending, gummatous Jymphangitis, and 1dide
therapy was apparently much less effective than in our European cases

These American observations were unhnown in Europe, despite the fact
that, 1n 1901, Foulerton presented an excellent summaty of them before the
Pathological Society of London De Beurmann and the author were the
first to take up this work 1n France, in 1906, and male it known there
The discovery of Sporotrichum beurmamn rescued the sporotrichoses from
oblivion, and, thanks to this research, new cases m man and 1n horses nere
published in the United States after 1909 by Burlew, by Trimble and Shaw,
by Page, Frothungham, and Paige, by Mohler, by Mervins Hyde and Davis,
by Duque (in Cuba) and by many others

The first case in France observed by de Beurmann and Ramond (1903),
which was caused by an called Sp hum e by Matru-
chot and Ramond 1n 1903, had been forgotten when, with de Beurmann,
I had the good fortune to make new observations which formed the basis
of my own later norh  Dor, of Lyon, was the first to use the term, sporo-
trichosis, 1n 1906 However, I proved later that his Sporotrichum dors was
a Mecardia and the mycologists this view  C ly, up
to the series of studies by de Beurmann and the author, three proven ob-
servations were counted namely, that of Schenck, of Hoehten and Perbuns,
and that of de Beurmann and Ramond  These 1solated researches had not
attracted any attention or following and remamed unknown It was oot
until the publication of the ten reports by de Beurmann and the author
(between 1906 and 1911) that the problem of sporotnichosis nas opened to
sertous discussion and 1ts importance in general pathology and practical
medicine pomnted out

It 15 1ot the purpose, here, to repeat a revies of the feld, shuck kss been
published before,! but to evaluate as completely as possible the new snsight
gamed by the study of sporotrichosis in the above mentioned fields

Parasitology General Mycology
The genus Sporofrichim has brought Light to many questions general
mycology, though 1t has falled to solve some fundamental problems Are

d
+ Lranuated feom the French or ¢ nal by Lothar Sal  former Associate E4 tor of The \ew Yark A4

emy of Sciences
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the Sporotriche degenerated forms of the dscomyeetes which have dunng
their parasitic fe with man and the lower ammals, Jost their higher form
of reproduction® Asct have been reported in cultures of Sporotrichum
crateriforme, but it 15 very uncertain whether this fungus 1s a Sporatrichum
Sartory took 1t for an Endomyces, and 1n all the thousands of different
Sporotrichum cultures which T have handled, T have failed to tind any ascy,
despite all efforts  Tor this reason, we shall not discu s whether these
orgamsms are degenerated fung: or whether they belong to the lower fung:
and have never had a higher form of reproduction

The classification of the genus Sporotrichuns 15 still disp uted N uillermin,®
of Nancy, put some 1n the class Comdiospora, 1n the order Nporotricha s ith
two principal genera, Sporotrschum and Rhnocladuon  He calls Rhno-
cladtum the Sporothrices of both Schenck and de Beurmann  This change
of name was, however, not recogmzed by Matruchot whn maintains the
classification in the genus Sporolrichum

To begir with, Matruchot remarks, ‘ The differences mentioned, such
as coloring of the filaments and spores, the mode of attachment of the
spores {pedicellate or sessile), are not so remarhable as the dizgnoses given
In the Looks suggest ‘These diners charactenistics are so hittle speciatized
that they can all be found on the same parasite  The facts presented to us
by nature cannot be put 1nto compartments so easily

- . . ~

spectfically notes pedicellate spores  Matruchot also cites other examples
taken from his own work, such as Clenomyces serratus, ¢tc  Thus, he thinks

that the presence of pedicellate spores, which according to \uillemin, would
of fadiurs and dist h 1t from Sporotrichum,

be a ch

canapply to Sp Jum as well and c I 15 of no differentiating

value , X .
" Y

extreme end of the last rimufications of the lateral and termunal spores,
which are placed on toothlike projections The spares are globular or
oval shaped and blackish #  However, savs Mrtruchot, n Sporotrichum
Berrmanny, * the fertile filaments are not blackish they are not Lranched
dichotomously when mature, the <pores are not pliced exclusively near the
extreme end of the terminal filaments but, rither, on the entire wall of

the fertilized branches up to a very great distince from the extreme end
- T sanektle e ections, they

. * <pores have
* diagness of
uf parasite, which has 1o retan e

t apply to or
Riunoctadium, thus, cannot apply atrschum Bewrmazry

name of Sporotrichum—"the natvral affinities o,r’ Spor
are elsewhere than in the genus Khinacladinm
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We cannot but compliment Professor Matruchot on his argument
Should we, however, distingwish with lum between Sporotrichum schench
and beurmanns (loc cit ), or should they be considered as one species as was
done by Verdin and Buillenun? The last named author believes that the
cultures of schencks which were sent to us m Pans and which we studied
for a long tume, are actually degenerate and pleomorphic, hence their ap-
parent difference as compared to the bewrmanyn: However, at the end of
hus discussion, Vuillemun gives the name of Rhunocladium bewrmanni to the
parasttes of both Schench and de Beurmann, stating that “usage has sanc
tioned the name of Rhnocladium benrmannt ¥ Other authors, ney ertheless,
m making the synthesis, prefer the double name Sporotrichum schenck:
beurmannt, and, mn 1910, I proposed the following table

Sporotrichum schencks 0]
oce Sporotrschum beurmanny (m
5’,;’[’",‘:7;‘;’;’;"" schencks s and its varictics

porotrichum beurmanny
common source of var asterodes [

Sporotrichum Sporotrichum beurmanns
(ancestral) var sndicum m
Sporotrschum geanselms o

2xp Groop
Sporotry hum gongerots
c

Vullemmn Gngorahss, and also Dodge* made an attempt to change the
name of Sporotrichum gougerotr, which was established by Matruchot, to
Dematizom gougeroli  Saccardo considers this orgamsm related to Torule

e B

s amtan

to this change of name for two principal reasons, namely (1) the parasie
1n question has colored spores, or comdia, {2) the genus Dematsum 15 badly
defined since “all the Dematiacea can be 1ncorporated in 1t as long as only
the yeast forms are considered
Dodge also refused to accept the classification of several Sporotriche
Thus, ke makes both Sperotrichum greconss, described by E\Iadunnony and
LI r

Tenm Spore-
syt
\ders
. - 1L £ 1 Chamate chunt
trichum ronchiale (Montagne), and duem parvulum (Kedaells/
Guegen asks whether 1t would not be worth while to create anes gﬂ;“i
Sporotrichopsts  To quote from his < The genus Sp

15 50 badly defined or rather so little defined, that a radical measure seem;
indicated  This would consist of treating the genus Sporofrichum a5 -1‘7
abandoned cemetery where no one 1s buried any longer By making Sport
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L I - e Paosn I

somebody has taken the trouble to study theit ~tru ture The presence
of “sympodially born comdia,” which his not hee i nited m the genus
Sporotrichum, constitites, accordmg to Guegen anstier  riument in favor
of the creation of a new genus

The forms 1 the tissues are differens from thowe + 1 1 utro cultures
The wnter believes that he was the first tu describe the  hort forms and
1o have shown that they are not spores as cther autl t thought  These
forms are degenerated, due to adaptation in the struy, e Jor existence m
the tissues  The wnter has also driwn attention o the budding yeast
form, sumlar to that encountered i» the Fh temvcoms

A thorough study of the ) east forms ot the spe £2tn hoses has been made
by Chatlotte C Campbell, who showedd thu this phase pevsists in Franag’s
solution (glucose agar with blood with (var afied  as long as this s
incubated at 37°C  On the other hand tra jlinted on Sabouraud’s
agat, a yeast form Sporsirtchum will exabit th ¢ (v xal Blamentous form
within 48 hours at room temperature

Splendoré, of Sio Paulo, has descnbid star like forms in Sporotrichum
asterowdes, which the author with Dod,e buheves to be a simple vanety of
schenchri-benrmanne  pitiman and Grupor in v mab and Grecd woman,
have noted radiating actinomycossform speamen  whose presence in the
tissues was also pointed out by Moore and Ackermn * - Widal and Abramy
dicorered the seroagglutinations complement fivations and group rexc
tons  This method 15 useful not onfh to dugnowe sporatnchosis, but st
can alsa, oning to the shortness of 1he reactions be used to diagnose other
m coses, particularly actinomy coses However Thave shownseveralcauses
of error here, and Likewise in the tradermal reactions with sporotnchin
(klled fungus antigen)  For example a simple saprophyte of Sporatrichum,
1n the bucco-pharyns, or even that of a different fungus perhaps a 3east
Jorm an the digestine tube can, by group reaction, g€ seroaggiutinations
of up to 1/150, with medium complement txations This would mve the
ertoneous impression that @ lesion was of sporotnchotic nature, when ac-
tuallv 1t 18 due to an entirely different agent,

P R P
of the Sporotrichs, namely, soluble toxins wmsaluble touns {cndotovmns),

h ne, ¢fc  We alco anabvzed ther
companng the different species
Whide these criterna are yee-

P € L5
Jermentatine power on vanous substances,
and stresaing their instability n this respect

S e s mang e

[
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ful 1n bacteriology, they have thus become of rather questionable value 1
mycology

De Beurmann, Ravaut, Verdin, and the author have studied sensitiza-
tions and group sensitizations, above all the intradermal reactions, and have
opened the chapter of polymycoses This research has led us to realze
that the sporotrichoses may take on an appearance smlar to that of bac
terial infections

Practical Medicine

T'rom the point of view of practical diagnosts, I have popularized Sabou-
raud’s technique of culture at room temperature on I'rench proof agar,
showing that incubated cultures give slower and less constant results (and,
above all, less characteristic colomes) Thanks to this techmique, the
my cological diagnosis of sporotnichoses has become simple and sapd, and
has come within the reach of even the most 1s0lated practitioner, since this
method of culturing makes 1t possible to dispense with an mcubator, and
since, moreosver, the macroscopical aspect of the colonses 1s sufficiently
charactenstic without ing lat 'y 10n

In order to speed up bactenological diagnosts, I have drann attention to
“the run of pus on dry glass” The onginating colonies are easy to dis-

" Ca i ke sha ¢ ans neenarating or Stall

1g1, T have

, Ishowed

with sear

formation  This can be done not only by using the serum dignosis of

Widal and Abrami (which lacks specificity), but above all through culture

of the bucco-pharyny, since the fungus frequently remams saprophytic on
the mucosae

I requency of Occurrence  The frequency of mycoses depends Jargely on
the thorough and systematic search for them In March, 1907, I had
1solated four cases, by the end of 1907, thirty cases, by the end of 1908,
sixty, and finally, by the end of 1910, more than two hundred Obsernva-
tions have been reported from all Irench provinces, from all countries o0
the five continents, and 1n patients of all ages  Consequently, physicans
1 any country may come across sporotrichosis The apparent ranty o
the disease 15 due to the fact that 1t has become so classical that only obser

vations which present interesting new details are repotted  Nevertheless,
* Tt~ ~eobservations,

pearamtt
' d by Watnn

All the same, the sporotrichoses have certainly decreas
at least 1n France, despite our systematic search for them  This seem:
to apply to other continents, for example, R O Noojin andJ L Calhs\!\l:;
mentton that they have found only seven cases in ten years The;ue el
can be asked whether this 1s due to the extinction of all human ar ?ﬂ o
reservorrs by improved diaguosis and treatment with todudes Infect

eq m frequency,
s also
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from human to anima! and tice revsa, 15, of course, exceptional at best  In
any case, there 1s no question of contammation by mproperly sterhzed
syninges (certam speciahsts have advanced this buarre theory), since
our well-conducted msestigations we have never seen an * emdemic” and
our patients never recetved any injections

Chunical Polymorphism  In medical practice, my own observations, sup-
plemented by those of other authors have descnbed numerous forms
ranging from a gumma and even large abscess to acne and sporotnichotic
pitymasis

Lesions may occur 1 all tissues  In the bones, jonts and synovia,
sporotrichoses exhibit eserything that can possibly be mmagtned from pert
ostitss to abscesses 1 the intenior of the bone sprna ventosa and spontane-
ous fractures, from simple hy darthrosis to whrte swelling as well as vanous
forms of synovitis I have stressed the singular frequency of lesions 1n
the bones which 15 about 10 per cent in disseminated sporotrichoses—a
number not reached by syphufis

In the siscera, cases of orchrepididymtss hase alreads been reported
and also pulmbnary congestion with hemoptysis? and pyelonephritis
{Rochard, Duval, and Bodoleo) There has been a recent report by Andre
Martin of a renal sporotrichosis simulsting the appearance of a sarcoma
Iater that of tuberculosis'® Further reports have been made of a febnle
form (de Brssaud and Rathéry) and a fortunately evceptional mortal
one {de Rour Lacroit, Banks) Sporotricheses can simulte the appear
ance of blastomycoses (H G Adamson) actinomycuses (Gougerot), diph
theria (Banks), efc  As I have repeatedly stated  The sporotrichoses for
all these reasons, are of interest not only to the dermatologist, but also to
the tnternist, the surgeon, the oculist obstetncian pediatrician and psyvchs
atnst, as well as in forensic medicine ™ It 1s necessary to make a duagnass
immedsately without waiting untul the patient becomes cachectic because
at that stage, death 1s frequently mevitable despite treatment with iodide
The prognosis, thus, truly depends on the screntiic rehabihity of the exam
wning physician with the exception of certain rare cases with associated
tuberculosis where the todide treatment ss unpossible

In practice, T have desenibed and stressed several diagnostic phenoment,
nimely, the gummatous form which reappears upon ncision and agam
reappears under the scar of the inaision, disclosing the typic dome shaped
form with softening 1n the center, the polymorphism of the ulcerations
{tubercular, syvphihtic, or other w appearance) which m1y be evilent
either on different ulcers situated closely together or on different sectors
of the same ulcer, and the rapid relapse after premature cessation of the
lodide treatment

As regards geperal pathology, this group of observations shows that, as
m bacterial nfections in particular those of tuberculosis and syphilis one
single virus can evhibit very different chinical forms and that the <ame iy
cal phenomenon as fer example the gumma may be due to different yaruses
or fung

llmg Iogy  The histologscal formula of the $ perofrichs can be established
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as consisting of three zones, namely, (1) the central zone formed of polynu
clear cells and macrophages simulating the presence of a pyodermna, (2)
median zone, tubercular i appearince, with epithehoid cells, guant cells,
and tuberculoid follicles, and (3) the external zone, composed of fvmpho-
cytes and connective tissue cells, basophilic, with comparatwvely intense
vasculanty, frequently exhibiting almost a syphihitic sclerosis ~ These three
reactions may even coexist sithout any order, s ¢, they may be muxed up
particularly i the verrucous and vegetating sporotnchoses

This histol 1 reaction 1s p since 1t 15 also encountered 1n
other mycoses and even i the foreign body reaction of tissues, as my clint
cal observations have shown In this connection, the expenmental study
by Vaucher and myself, especially with pepper, should be noted

The hustogenests of the lesions 15 much less rapid than that of syphis
and tuberculosis, o ing to the manner of the sporotnichotic process  Thus,
we have been able to show, with a senes of excised tissues, how the vascular
stage 15 transformed 1nto giant cells and, subsequently, 1nto tuberculod
follicles and gummatous tissue with the three zones This confirms the
opmion of Gernil and other French authors who beheve that the formation

that the sporo-
- chibit pyococcrs,

Etiology and Pathogenes:s  Through my chimcal observations and ex
penmental studies (particularly 1n collaboration with Vaucher), the ettology
and pathogenests of the sporotrichoses have been clarified inasmuch as they
exhibit all possible chnical forms and are capable even of tahimg the shape
of a bactenal infection Their reservoir lies within the lumts of nature
(as for the blastomycoses, actmomycoses, efc) I have demonstrated this
by finding “w1ld” Sporotrichum beurmanmi on an oat plant, a horsetail and
a small beech tree, in the French Alps 1n 1908 Upon cultivation these
wild specimens were not virulent, only after passing from rat to rat did
they become pathogenic ~ Soon afternards, Sartory ¥ found the same Spore-
trichum on an ear of wheat, the first generation was non pathogenc, but,
after passage through several amimals, the orgamsm became virulent

Ammals are but rrely the source of contagion, and they themselves are
generally infected by plants  Pertinent observations here have been l:e
corded by Lutz and Splendoré, as well as by Je Ime and Paul Chevaher
(rat sporotrichosis transmitted to man), Page, Trothingham, and l}’{algf.
also Mervins Hyde and Dauss, and Mohler (horse sporotrichosis) o
Sutton (human contammation), T C ]?nes and iFred D Maureso(fm:h :
sporotrichosis—see especially C: 's case of c
\}Zlcnnan:m treating :5: affected mule), Gougerot and Caraven (dog:pﬂlfh;
tnichosis), Wyss Lauzin (purrot sporotrichosis, and tmnsmxssxonss:;n -
human by a bite}, and Olson (rodent sporotrichosts, with transmi
ma’Ir‘.}:e same phenomena are found here as in tuberculosts, such as l}:":‘:{])s'
chancre at the site of mfection (see my observation No 12) or lymphang
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Expmmmlal Reprodrklmu As outhned the £y olng oy
mentaj Studies hay o clanifieq the chinicay treatmeny the histo) n €tiology
and pathogenesls of 5, T0trichosrs Owever npmmenmuon bas taken
di farms

Tmzlmenl The todide ¢ Atment hag been Pateny)y €volved ang regu
lated according 1 the foyy Sell knoy Categonie, of Patients (1) tolerant
to lod;, om;

d 3
Iollo“mg Tules for this treatmeny doses of 4 gm I3y Recessity for Super
Vising the tolerance of 10dide which may pne 5 clue 1, Possihle latent
tbercylog, Necessity of Pbrolonging treatmeny 44 least one month bey ong

the apng, ‘e2ling of the | 10nS since relapses frequeng)y Oteur othepy 150
mnsuhd:hng m‘alrnem, obscnauun of a ossthle phqnng(-al Teservorr of
Parasy d Fecognition of the Srauty of €aS 1Ssocrateq Rith tuberey

have made sty og Paralle] 1o ¢ WOtk of 4 papy and Loy Ramong
Proving thay the jodige treatmeny 45 ot effectyy throu, direct antiseptye
2clion since 3t 4g Possible 1 cultivare the SPOIT T hygyg fungy 4, Titrg 1n
odemtrly 1o very Strong todide Solutions Rather the todide acts
throygy Stimulation of the Macrophages and of the defense mechanism of

the tisgyes
€Ceat resegrep Particularly the Unnpeg States oy shovy decideq
effects of the sulionamldes R oyinand y 1, Callang, for example
bisedt sullomrmde and sodyypm, salt of salfapy ndine m locat treatment with
Per cent oily Stspension

Conclusion

Througy, all the Studyeg CBUmersted 1 thy Paper the SPorottichogey
have been clagg fied pqlhola,';lr-'lll) among the infections , , they haye
arg, other MYCONs  Thye study of My coses hag thus bee,
™ Vizgar gp nger n ™ o contraey them 2gamst
bicteryy infections 4 18 been dane 10 the past py, father nnectiong

Theen the tho can pe established
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The study of the sporotrichoses, through systematic research 1n all the
mjycoses, has led to the discovery of several new forms as, for example,
h h caused by Hemispora stellata (Gougerot and Caravell), odio-
mycosis or mycodermosis, caused by Owium or Mjcoderma enlaneum
(Gougerot, de Beurmnn, and Vaucher), nocardiosis of Carougeau, gum
matous parendomycosis, caused by Parendomyces balzers, and mycodermo
sis caused by Maycoderma pulmonenm (Gougerot, Balzer, and Burmer)
In collaboration with Duché,? T found disseminated polyepidermomycosis
of the intertriginous regions (leaviog their basis intact), with the presence
of Epidermophyton sngunale, Valassezia furfur, and a new fungus, Asper
gilus endovics, also, a new subcutaneous mycosis, caused by Debarcomyces
klockers  Tinally, with Burmer and Duché, I discorered a vegetating and
ulcerative mycosis, caused by Cephalosporium griseum

The classical chinieal analysis of the sporotrichoses was made by my old
teacher, Lows Landousy," who stressed the practical prognostic, thera
peutic, and economic importance of the sporotrichoses  Time has indeed
passed since another of my great teachers accused me of being a youthful
hothead ¢ trespassing on the sacred ground of syphilis and tuberculosis ”
I have rep dly drisn to the faulty d of tubercul
syphilis, chrome osteomyelttis, glanders, and even cancer, which has led
to ampttation and death, and I can but once agan repeat the words of
Professor Grasset, the famous neurologist “A physician who 1s not familiar
with the latest research on sporotrichosis runs the rish of letting patients

die who could have been sayed by the jud d 1onof
1odide "
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GROWTH RFQUIREMENTS OF DLRM {10l HATES
By William J Robbu

Depariment of Botany Columbia Umiversily and Direct 1\ nical Garden
Tt1s not my mtention to discuss the growth r e dermito”
phytes in general, but to confine my attention ! th which we
have been mamly concerned  One of these cordes the

other 1s Trickophyton mentagrophytes
The strain of T discordes with which we « ed from Dr
Juan Mackinnon of the Institute of Hygiene M a1y Itwas
found that for growth this wsolation requr ! »f mofecutar
- - N 1 | tygrow ona
- taagine  The

n cdum permit-
t cre necessary
Little or no improvement in growth was st 1 sl th aiditien of any
one of the three or any two of the three
The thiamme deficiency could not be satistad 1y the |ynmidine com
ponent of thiamine, by thiazole, or by a misturc of 1l ¢ tao thiumimne inter
mediates  Nerther caleium phytate nor a ph wphatide Cntaining tnositol
obtained from Dr D W Woolley were as satisfactory as nositol  The
phosphatide substituted for inositol more nearly than did the catcum
phytate
The minmum effective quantities of the three 1itamins were not de-
termined, but the addition of 001 mg of tositol to 8mi of medium which
contained both thiamine and pyndoune produced a marked effect on
growth  The maximal effect was obtamed with between 01 and 0.5 mg
of mositol  The addition of 0 001 myu mele of py ndovne to 8 mI'ol mcdlun:

moles of thinmne

Neapeptone m the amounts we used did not contain sufficient thiamine
for maximum growth Better growth was obtamed when the mineral-
dextrose peptone medium was supplemented with thiamine Innsunllm a
hysiological equivalent material nas found to be present in hydrob zed
gelatm, hydrolyzed casein, hydrolyzed egg altumen, and pt'p(onzl, a’s [}
denced by the growth of the orgamsm [on these media supplemented wath
thamine xne but no tositol

Al(hou;: (Iltrw?::d)?ossxblc to obtain considersble growthon lh; ln;nl me.
dium of muneral salts_ destrose, and asparagune supt emented with thua
mine, pyndovine, and mositol, better gronth was ""“l'“‘; ({" “‘ thiamine
Peptone medium or on gelatin hydroly<ate or c:u(mh |y({ ro )?; f( supple-
mented with the necessary \Utamins. 1t appeared, therefore, that gelstin

135



1358 Annals New York Academy of Sciences

hy drolysate, casem hydrolysate, and peptone contaned unidentified factors
umportant n the growth of T discordes  Although we were not successful
m duphieating the effect of the protein hydrolysates by the substitution for
them of a mixture of amuno acids and purne bases, 1t 15 probable that the
action of the hydrolysates was an amino aaid effect

Our investigations, therefore, showed that the stramn of T discordes
which we used evidenced complete deficiencies for molecular thiamune,
pyndoune, and mositol and partm] deficencies for umidentified gronth
substances present 1n peptone and hy drolysates of gelatin or egg albumen
TI:E unidentified factors are probably amino acids

salts, dextrose, and asparagme  Its growth 1s markedly mmproved by the
addition to the basal medium of peptone, or hydrolysates of casemn, egg
albumen, or gelatin

In contrast to T discordes, the 1solation of this organism has no vitamin
deficiencies No improvement mn growth has been observed from the
addition of vitamuns to the basal medwum or to the basal medum supple
mented with vitamin free protem hydrolysates

Since this fungus evidenced no deficiencies for any of the known vitamins
and 1ts growth was markedly 1mproved bv hydrolysates of egg albumen
or highly punfied gelatin, and of vitamun free casein, 1t scemed probable
that the active substances were amino acids It was found that the organ
1sm would grow on 2 basal medum containing asparagme or any one of
the following 14 amino acids glycine, di alanine, dl valme, | leucine, d 150
leucine, dl pheny latanine, d glutamic aaid, dl aspartic acid, dl senne, kcys
tine HCL, [tyrosme, Iprofine, d arginme HCL, and [ histdine HCL
Only 5 of 19 amino acids tested gave httle or no smprovement m growih
These were tryptophane, threonine, hy droxyproline, methionune, and lysine
Ammonum mitrate was nearly or completely unavailable Howewer, we
were not able to duplicate completely the effects of casein hydrolysate, for
example, by 1ny mixture of amno acids we prepared .

Our strain of 7' mentagrophytes was able to use asparagine or any one 0
14 aming acids as a source of nitrogen, but was neasly or completely unable
to utilize ammonia or nitrate mtrogen It appeared nhle,Lthefelore,A:lz

c
5

able amino acid 1n the sense that the fungus failed to grow unless 4 paiLLd
Iar amino acid was farmished wmn the nutnent medum  Although 7 ’”"’"’s
grophyles 15 capable of making all the amino acids needed for its pmle‘l:O
from a single amimo acd or from asparagine, 2 muxture of cemmb:;:w
acids was supenior to an equal amount of ‘n‘.nyfmgle :on:re ::;:p:; b

the metabolic trans

In other words the
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mechamsm for mitrogen trinslormation n thus orgamsm 1s deficent It
lacks, neatly or completely, the machinery necessary for utilizing 1organic
mitrogen  Also, 13 h for fi g asparagmne or a <ingle
amno acid into those required for the construction of cell substance works
slowly

One of the complicating factors in the study of the nutrtion of the der
rmatophy tes 5s the freedom with which many of them produce plenmorphic
forms which may duffer in their physiology from the organism from which
they are derned  Pleomorphic forms have long been recogmzed i this
group  They are spontaneous trreversible mutations

We bave nvestigated chiefly the pleomorphic forms <f 7 mesntagraphstes
These mutants develop as cultures of this orgarusm a e 1 ruans of the
mycelum change mn gronth habit  Many pleomorphic tves van be 1so-
lated which dler in rate of grow th, degree of stenhty muory hological char
acter of the colony, pigment production, or some phisiological character
All cultures, of suffictently old, are charactenzed however by a viorous,
white, more or less fluffy, almost stenle form  The growth of the most
vigorous forms 1s many times that of the ongnal solate  In a hquid me
dwm contasning aspsragine as a nitrogen source the normal form produces
three or four milhgrams of dry matter 1 the course of three weeks A
pleomorphic form, in the same time i the same medium may form a
hundred milligrams or more

We have found it possible to mamtam the slow growing frecly sporulat
g form, which we call the normal or N form, by making transfers to fresh
meda at weekly mntervals By such a procedure, we have kept T menia
grophyies for more than four years, apparently unchanged The pleo-
morphic forms, too, can be ssolited, grown in pure culture and maintamed
i they are transferred at weekly mtervals

The sponttneous change from normal to pleomorphzc eccasionally appears
m cultures mcubated at 35°C as early as eight days after noculation
though two or three wechs are usually requwred and within four or five
weeks at most alf cultures wilf have become pleomorphic It s nat there-
fore, a Bat-or muss process  Merely by allowing the cultures to age, all of
them wll change from a slow growng, freely sporulating form to one which
grons rapidly and 15 nearly or completely stenle

Irom the ipowmt of this di these p phic strans are
1mpartant becayse they differ i thewr grow th requirements from the onginal
form from which they arederned  Tor example some of the raprdhy grom
ing mutants of T wentagrophytes are able to use wmorgimc mtrogen, which
13 nearly or completely unavailable to the normal form () from which
they arose  The plcomorphic forms are charactenzed by & greater ability
to tran<form ammonsum salts and also asparigme into those amino acids
necessary for the construction of their protoplasmic proteins  These trans-
formations are probably enzymatic, #hich means that 1o beconung pleo-
morphic the fungus has developed new or more effecine enzyme sy<tems
than eust 1n the normal form

1 do not mean that the only difference between the normal and pleo-
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hydrolysate casein hydrolysate, and peptone contatned umdentified factors
unportant 1n the growth of 7' discoides  Although we were not successful
n duplicating the effect of the protem hy droly sates by the substitution for
them of & mixture of amino acids and punine bases, 1t 15 probable that the
action of the hydralysates was an amino acd effect

Our tmestigations, therefore, showed that the strain of T discordes
which we used evidenced complete deficiencies for molecular thiamine,
pyndovine, and wnosito] and partial deficiencies for umdentified growth
substances present i peptone and hy drolysates of gelatin or egg albumen
The umidentified f1ctors are probably amo acids

The stramn of T mentagrophyles that we mvestigated was isolated from

Ty fmom ot m

addition to the basal medium of peptone, or hydrolysates of casemn, egg
atbumen, or gelatin
In contrast to T' discoides, the 1solation of this organism has no vitamn
deficiencles No mmprovement n growth has been obsened fram the
addition of vitamins to the basal medim or to the basal medium supple
mented with vitamin free protemn hydrolysates
. - .

FAL e o b mag

‘ + asm==~ o A4 T o~ found that the organ
sragme or any one of
valne, 1 leuaine diso

leucine, dl pheny lalanine, d glutamic acid, dl aspartic acid, dl senne, s
time HCL, 1tyrosine, |proline, d argmne HCL and 1tustidine HCL.
Only 5 of 19 amuno acids tested gave hittle or no improvement 1 gronth
These were tryptophane, threontne, hy droxyprohne, methionine, and lyswe
Ammomum nitrate was nearly or completely unavailable IHowever, ve
were not able to duplicate completely the effects of casein hydrolysate, for
example, by any muxture of amino acids we prepared

Our strain of T mentagrophytes was able to use asparagime or any one of
14 amuno acids as a source of mtrogen, but was nearly or completely unable
to utihize ammoma of mitrate mitrogen It appeared able, therefore to
transform aspatagine of any one of the sexeral amno acids without pres10us
ammomnfication nto all the vanous amimo acids required for the construc:

We found no ey idence for any indispens
t1on of 1ts protoplasmic proteins ¢ found no e\  foram indepr?

\though T menta

1 for 1ts protens

of certam amno

4t m mmanns  Ths webelore
-orporated mte

\etabolic trans

qer words the
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mechamsm for mtrogen transformation m this organism 1s deficient It
lacks, nearly or completely, the machinery necessary for utiizing morganic
nitrogen  Also, its h for f or a single
ammo acid mnto those required for the construction of cell substance works
slonly

One of the complicating facters in the study of the nutrition of the der
matophytes 18 the freedom with which many of them produce pleomorphic
forrns which may differ n their physiology from the organism from which
they are derned Pleomorphic forms have long been recogmzed m this
group  They are spontaneous 1rreversible mutations

We have investigated chiefly the pleomorphic forms of T mentagrophytes
These mutants dexelop as cultures of this organism age  Iortions of the
mycelum change m gronth habit  Many pleomorphic tyjes can be 1s0-
lated which differ n rate of growth, degree of sterihty morphological char-
acter of the colony, prgment production, or some phys ological character
All cultures, 1f sufficiently old, are characterized honever by a vigorous,
white, more or less fluffy, almost stenle form  The growth of the most
vigorous forms 15 many times that of the onginal 1solate  In a hquid me

hundred milligrams or more

We have found 1t possible to mamtain the slow growing freely sporulat-
g form, which we call the normal or N form, by making transfers to fresh
media at weekly intenals By such a procedure, we have kept T menla
grophytes for more than four years, apparently unchanged The pleo
morphic forms, too, can be 1solated, grown in pure culture and mamtaned
if they are transferred at weelly intervals

‘The spontaneous change from normal to pleomorphic occasionally appears
1n cultures eubated at 35°C as early as eight days after wmoculation,
though tno or three weehs are usually required and within four or five
weeks at most all cultures wili have become pleomorphl!‘: It 1s not, there

o amma N o

From the standpomt of this discussion, these pleomorphic strains are
mportant because they difer in their growth requirements from the ongnal
form from which they are denved  For example, some of the rapidly gron-
ing mutants of T mentagropliytes are able to use wotgamc mtrogen W hich
1s nearly or completely unavalable to the normal form (N) from which
they arose  The pleomorphic forms are characterized by a greater ability
to transform ammontum salts and also asparagine wmto those amno acids
necessary for the construction of thewr protoplasmic protems These trans-
formations are probably enzymatic which means that in becommg pleo-
morphic the fungus has developed new or more effective enzyme 5)stems
than evist in the normal form

T do not rean that the only difference between the normal and pleo-
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mnrnh  chre ng ¢ a chanma n the ah 1t of the are nam fa san § e s

- f '
of a dermatophyte which has a specific vitamin deficiency mlghtlbe able to
synthesize the vitammn which the normal form 1s unable to make We
have found this to occur in pleomorphic forms (sectonal mutants) of Fusa
rium aranacewm  The ongmnal wsolation lacked the power to synthesize
biotn but a vegetative mutant developing spontaneously from the ongmal
1solation was able to make its own biotin

Ore of the peculiarities of the dermatophytes 1s their relation to hydrovy
prolme  This ammo acid a common constituent of proteins was found to

Rhodotorrda

The growth of T mentagrophytes on a basal medum contaning tmneral
salts dextrose and asparagine was almost completely mnhibited by one
part of 1 hydroxyprol ne 1n 20000 parts of medium and a reduction
growth was observed with one part i 56000 parts of medium  Two pleo-
morphic forms of T mentagrophyles proved ta be more resistant to hydroxy
proline  One of them required one part of hydrotyproline m 1600 parts
of medium and the other one part in 4000 for complete or nearly complete

parts of medium

Trichophyton purpureum Microsporum cams Eprdermophylon flocculo-
sum and a granular form of Trichophylon gy pseum were also susceptible to
the injurious effects of hydroxyproline  The Ep dermophylon was the most
sensitnne  Almost complete nhibition was obtamed on the addit on of
one part of hydrotyproline to 40 000 parts of the basal medm  M1ero-
sporum cams was the most resistant  The growth of this fungus was re
duced but not pres ented by one part of the hydroxyprohae 1n 1600 parts of
medium

In contrast to the effect of this amino acid on the dermatophytes was 1ts
action on such orgamsms as Pemctllium nolatum Rin opus migrecons
Fomes gt These fungi showed no reduction m growth even the
presence of one part of hydroxyproline m 1600 parts of medum

The wnjurious effect of hydroxyproline on the dermatophytes was Jess
pronounced 1 med a contaiing peptone or casem hydrolysate than 1

e na  The effect of each of 14 am no acds on the

normal form of
at least 1o part
o be therefort
hydrotyprol ne
s{n E;ysl(h T
t completely

some evidence for an antagomsm between 1 prous ¢ anu
One of the curous responses to hydroxyproline was ob:
puspurewns The growth of this orgamsm was mhsbited almos
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by one part of hydroxyproline 1n 1600 parts of medim  Also, 2 marked
reduction m grow th was obtamned »1th one part of the amme acid 1n 4000
parts of medium  With small amounts, one part 1 40 000 or one part m
20000, growth was stmulated The colontes obtamed were larger than
obsered on the basal medm

The effects of P on the d& 4] because
1t seems to be evidenced on these organisms as a group, which suggests a
common physiological characteristic It 1s also of interest because prokne
15 an avatlable source of nitrogen for these organisms and the only difference
betneen probne and hydroxyprohne 1s 2 hydrowyl radical o the fourth
position on the molecule

— A ta £ s

Jatter, which are the more resistant, are also better able to supply their
nitrogen requirentents from morganic nitrogen or from a single <ource of
organic nitrogen

This has been only a fragmentary presentation of the growth require-
ments of dermatophytes There bas been no discussion of their relation
to hydrogen ton concentration, to reduced sulphur, or to carbon sources
ot many other of the fundamental nutntional factors which should be
considered  There has been no attemp* to review here the contributions
made by others to this subject  The paper has been Imuted to the spectfic
researches with which the author and his assocsates, Dr Roberta Ma and
Dr Iids Mc\esgh, have been concerned
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FUNGUS ANTIGENS AND THEIR IMPORTANCE AS SENSITIZERS
IN THE GENERAL POPULATION

By Samuel M Pech
Mount Singr Hosprtal New York \ }

Disease manifestations caused by both bacteria and fung can be di
vaded 1nto those which are drectly due to these organisms and those specil
forms which have ansen becuse of the development of sensttization to
the orgamsms and/or their products  The latter have been grouped under
the general heading of cutaneous microbids *

The clinical mamfestations of microbids depend on a development of
an acquired hypersensitisity to the orgamsms and/or their products after
the primary nfection has eusted for some time  The degree of acquired
hypersensitinity 1s dependent on the causative orgamsm, on tndnidual
predssposition and on many other factors which cause more intimate con
tact betw ecn the hvng organisms and the luing cells

In the group of mucrobtds, we have tnchophy tids when the trichophyton
fungus 1s the primary cause of the lesion, epidermophy tids when an epider

' FI A .

ture has often been shortened to “uds

The allergic manifestations due to fungt which are most commonly
encountered in the general population are those associated with the super
fictal fungus tnfections  Of these, almost all are associited with infection
due to T phyles Iy di hy tosis of the feet

Pathogenests of Trichophyhids

The Epidermoplyton and Trichophston fungus gros n the nonlning
layers of the shin and 1ts appendages Because of this fact, they give
nse to chincal mamifestations which are prnmanly of a very stperfical
nature Marked aflammation does not develop unless Inmng structures
are nvaded  Invasion by the fungt of hning structures or contact of fungt
or thetr products with the hving parts of the shin probably mtiate the
hypersensitivity with sts resulting allergic manifestations W Jadassohn
and Sulzberger hise shown i expernimental fungus mfcct,mns m glf;lf:

dy but fung he skt
body but fungus infection developed only 1 the nonling parts of 1
\\'hg,n the animal was hilled shortly after mjection however, and the mtem’!;
argans were cultured fungt readily grew from this dead tissue Il\:;l?c
wnterest to note that the lens of the eye (J'ada;sohn ];ehsmner) coul
fected with fung: just like the heratin layers of the shin
m; :lene ;ua mmgfur the deselopment of trichophy tids 1s 2 hypersensiivity
1362
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to fung; or ther Products This
Phytin Teaction Forlunatcly the trg
Teaction i the Majority of nstanceg IS meaps that tpe t
Usually haye {0 be mage Rith the tdentyeq) fungys ..

Prey ously ¢ was thoughy tobe

Infectiong suck ag Kerop celsy ecently Imvae\er, it hag been demen
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Stre: €

or Pethaps therr py s nto the lood am S tyep
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u: D
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hsheq even ¢ Mary Jesion 15

p1dermophyu Thi €xplang ¢ o
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humans  This was the first time that a spontaneous expermental tricho-
phytid had been reproduced 1 a human subject

While the dyshydrotic trichophytids and the type known as dyshydross
Lamellosa sieca are furly easy to diagnose, the eczematoid trichophy tids,
especially when they occur on the hands, are often impossible to differentiate
from ordinary eczema It 1s Just 1n this group that farlures of diagnosis
occur, because of the great prevalence of epdermophy tosis of the feet with
1ts accompanying positis e trichophy tin reaction  This dufficulty of diagnosis
and the need for methods of differentiation 15 well recognized by alt worhers
mn the field It 15 for this reason that serological entena for diagnosis have
been attempted

Recent literature, both foreign and Amencan, has become mereasingly
filled with the discussion of levurids these mycids which are due to momia
Raraut, a pupil of Sabouraud, descnibed the first cases  Very mteresting
examples of such eruptions have been demonstrated by Rarrel, Hophms
and others  As Bloch has pomnted out, 1n discussing the research of Stae
hehn from his Institute, 1t 1s very difficult to prove that an eruption is a

Y

oidiomycin 1s based on true hypersensitinity because of 1ts practically one
hundred per cent inadence n the adult  The last, however cannot be
considered as very strong negatne evidence when we consider that the
number of the oidiom) cin reactions mcreases with the age group and that,
m certan classes of the population, even the tubercubn reaction may
approach one hundred per cent inctdence However, one of the most
important steps m the evidence necessary to prove the evistence of lev
urids, namely, positive blood cultures taken under ngid control conditions,
1s lacking

) —

tive oidiomy Cin reaction
Incidence of Dermatophytosis 1 the General Populahion

When the mcidence of dermatophytosis in the general population nas
discussed, until the recent epidemic of tmea capitis, the discussion was
mamly concerned with fungus infections of the feet, hands and groms
A number of authors have mvestigated this problem  The lasgest group
of cases included 1n one study was that carnied out by the Pubhe Health
Service 10 1943-1044%  Approumately 2100 people hning m the District
of Columbia, New Jersey, Connecticut, Indiana, and Lowsiana were in
cluded 1n the pH survey  The effects of different seasons on the mmdem;
of dermatophytosis also were studied  The fungus infections cncm;m:;: d
rarely affected parts of the body other than the hands and feet l;\f "
study, 1393 men and 733 women were esamined  Their ages vnned ; l:‘x)rd
17 to 70 years, but most of those examined were 1 the second an
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decade  Based on clinucal and cultural grounds the classification of the
examinees were as follows posittve 590 (27 79 per cent), doubtful 714

group 214 (29.31 per cent) nere w the doubtful graup and 317 (1342
per cent) were 1n the negative group

It was shown by cultural study that some patients in the chinically doubt
ful group had true dermatophytosis  There was no significant difference
m sex madence  When the same personnel were evammned at different
seasons, the number of chnically negative patients rose from 13 per cent to
19 per cent m the summer to 52 per cent 1n the winter  Thus it can be seen
that there 1s a defimte influence of seasons s far as chnical evidence of the
actmty of fungus infections 1s concerned  The most trequent pathogentc
lungus recoveredwas T' gypseum T purpureum was next in frequency and
E 1pgumnale was only recovered from an occastonal case  All of the cultures
of T purpureum were recovered mn one locality

The work of Osborn and Hitchcoch? seems to show that the nomen are
less affected with dermatophytoss than the men The Pubbc Health
Service suneys however did not show any signd cant difference 1 sex
mcdence

During the war it nas found that 8 per cent of all hospital admissions
w the Army and the Navy were for cutaneous discase and that dermatophy
tosis ran second on the hst

Arcording to Werdman and lus associates’, the estimates of Peck e al?
of the meidence of clinically active dermatophytos:s of the feet 1s conserva
tive  They mamtam that approximately 63 per cent of the population 15
affected  Children below the age of 10 on the whole have a very low mc1
dence of foot mycoses

-

swept westnard and it 1s now nationwide It 1s nell Anown that at or
shortly after puberty tinea of the scalp as 1t 15 commonly seen disappears
spontaneously

‘Thousands of cases of tinea capitis have been exanmuned i the last few
years and the causative fungus 1solited  Most observers haie noted that
Macrosporon anduinr and Macrosporen lanosum were responsible for nearly
all of the cases of scalp nognorm However the majonty of ebseners
agree that ail but & ke of the cases m the present epidentic nere fourd to
be infected by Af audumn  The scalp nngsorm due to & microsporon of
ammal type fike 3 lanosum 15 associated with a large proportion of senst
tization to the fungus The human type of mucrosporon hke ¥ anduint
18 much more resistant to Jocal therapy because of the Jack of accompany ing
sensitization
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1n 3 Tecent study? of the 6398 puptls of grade and juniot mgh schools 1
Hagerstow ™ appm“mate\y 83 pet cent were dlscowxed 1o have ningnorm
of the scalPy nearly alt dueto M aqudmnt Dunng the penod of the studyy
August 941 1O e

per cent of the boy® exammmeds the number of grts 10 ected was 2 1 per cent
of the number of girls exammed Most of those affected WEEE under 12
years of age

Incrdence of Trichoplyli® Sensimrty

To obtai® an 1ded of fungus allergy e genem\ pop! ation, 1
chophy b test was PC on 776 persons Jwving ¥ Aufferen sections
§ the cou hese, 47 pef ¢& uld be chssxﬁed as negabe
nd ¥ a reaction ¥ \aned fro one to four P u
1t was nterestind pote thaty 353 males testeds owed
aposiine X § 218 e ales U cent shov J a positie
reachic! This » of mterest be: o found that {here were prac
tcally 88 ny WO with cimcally PO A e evidend f fung®
nfectio? fee ement 15 i v made hat & POSILRE
tnchophty s onty ¢ dication that the pment has once had 3
{ung! fect1o and pitle wiorme out th ¢ actvity
of theV 0 atysis of e resul § the trichophy e jcates
hat th L34l hophyu s a gre ter T er Ol e reactions m

atien! ctve & gus fection of the feet tha w as
aified 38 chmeally g o SO extent the degree ction seems
1o be: A thech scal activity of the snfectt s and Hoppe!

nd U ¢ of th Lents Wit gypsett n of the
feet 1ed d to tnichophy e 3 lnchophyu reactions 105¢
10 81 7¢F cel defimte chimal 8¢t y rese
1 ¢ study by TPeck € ok 306 adults fving 12 and aro d N

Yok Ber ted with trichophy*! these, 4 cent were found
10 be o5 yere WEFE 2 s, mith per cent positit® 1€
11omS, 8T 56 females W/ d122p¢ ent posity eactio 01
chuldren v et cars of were tested ® T tnch o and the®
«as no posm\e tnchop\\ytm test 10 any of these cases

\ature of the Trichopltylth Antigens

pophyh® may b defined 25 an extract of fungt wineh 18 used botl
(O’E‘X;;\g(‘:osy\s and ‘treatreent 4 has bee? rmly eslabhshed by ﬂ;axt\’)'
e ¥

ton of mchophytm n

ngatots ce the O wnal prepare
‘;";:\so S\d N’e\sser that the posm\c yeaction follc 18 the \n{_fac‘na“eo“s
ﬁmm\sﬂal\on of thi® substance 15 due t0 vity resuiting

! o—that 18 atr v
komu:g\ of the Epr . Iyton, et contatt
genersd ensitizits factols “‘mt ;‘ Tnclmﬂx)la,:;‘
sitiv! wil tr
a2 2P ! g e

eachon® \\;\’ ad
]ad:ssoh“.
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ant whieh may not pe Present i any other Mmembers of the Sroup Becayse
the Teaction of Sensitrvaty may be hmited ¢4 this Specific ¥citant gpe ma
otcasxonauy obtam 5 hegat o Teaction o 5 mchophynn test eyen m the
Presence of ygg ¢ the specific trtchophy s, used lacls thys Substanc,

Tnchophytm as it g5 commercmlly 2varlable g 3 compley matersa}
Pprobably containing 5 Number of different ant)
13 depcnden! 10 2 greay &xlent an the Method of Preparagiqp o refore
s of Prime Jmportance that before 1 IS used come understandmg be
obtamed of the method of Preparaion of the Patticujar ¥tract used fo,
lesrmg or treatmeny

€ usua] Method of Preparation of mchoph; A congist of
th amed

3mount of g boutllon 1 added

Placed 1 5 shang machine for 24 It

for another 24 hours and agayp shaken for 21 hours he masg of grow 1y
d ¢ 2

diluted before USe 1n ordep to avoid Donspecific Feactions py has been
used for Cutanegyg tests ang for treatment bsually 05 per cent pheno} 15
i ervatn e

There ap¢ 3 Commercyy) fungus extracts available which are all calleg
dy

mchophylm are obtaineq p, flerent methods of m, Ufactyre and
2re therefore y, tS milar eyghe, Juantitatively o Qualtatively g, 15 obvigyg
rdiz;

not ¢

Bloch Labouchere and Schaaf 10 mn 192, 1solated from ordinary

chophy 1y 2 starch Ik Protemn free Polysacehapge Nitrogen however
o

§; a] 1|
eleted 5 Shult, Dale Teaction 1n the Uterine strip of 8uunea pgg Previousty
nfecteq with fung These €Tpenments ndicate thyy most likely the poly
saccharde was an actne ang Specifie brineiple of mchoph) tin

2 Fon tors 1 Drepared whqy they cafleq 2 classo.
Vaceipe {rom oy er300 Strains of fungy including Tnc/mplulm llma.rpomn
Lp dtmmp/l})an and Endodemap/w/on 115 05 protein free and seemed
10 congisy of a Carbohydra e which closely resembled the Preparation of

loch 7y, Classo exfract Was sud tg pe efficactous 1, treatment of many
kands of fungyg infections py, it did not congy;y the ship Teict e substance
Capable of el Citing g Positine Teaction 1o 5 trichophytin test Sulzberger
Lew)s and 1Y 5ot tested the Classo extracy 102 large series of Ptients ang
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were able to show that it did contawn the sk test principle  Da Fonsecy
and his collaborators had another preparation which was used exclusiely
for mtradermal testing and had no therapeutic action

Pecl and Gliek * in a <eres of experiments were able to show that the
shin reactive factor which 1s responsible for the elicttation of a posine
cutaneous reactton to trichophytin 15 found 1n both the bouillon 2nd the
pellicle of a culture of T gypseum on Sabouraud s bowllon This shin
reactive factor could be demonstrated to be present i the pellicle from
the latters earlest ap e In ther et , enough pelbcle
material could be gathered n 7 days to demonstrate this specific factor
Such concentrations remained at approvintately the same level throughout
the whole period of the experiment, that 1s 66 days

In the bouillon, however, the concentration of the sk reactne factor
increased sith the age of the culture under ordimary growth conditions
1t could be demonstrated to be present in 7 days, but reached its maumum
concentration 1n 40 to 50 days under yaned expenimental conditions

In further experimentation Peck, Glick, and Wesssbard™ were able to
show the following results When Sabouraud s bowllon was acidified with
hydrochloric acid or phosph Melll buffers and Jated with
T gypsenm, there was a nse m pH  In approumately 75 to 80 days 1t
attawned a pH of 8 6 and after that the pH remaimned relatively unchanged
With the nse 1 the pH value, the shin reactive principle began to appear
and, within imits 1ts concentration roughly paralleled the fise of the hydro-
gen 10n concentration A nse in pH from 40 to 60, even 1f 1t occurred
n a relatnely short time, usually indicated a concentration of shin test
principle which was in excess of that found 1n equinalent amount of Lederle
1-30 trichophy tin

When Sabouraud s bouillon was 1mtiated on the alhaline side by the ad
dition of 1~5 phosphate buffers at a pH of 9 0 or 10 0 or even somewhat loner
and wnoculated “ith T gypseun, the hydrogen son concentration uSl:\fl:fi

o was roughly paralle] to the rise 1n the pH value

MST purpur%un’l’ I;omned less shin test principles than T gypseum under
— +1-=dsame  This 1s of mterest, simce 3t 1s known
- usually not associated with a posine
en content of trichophy tin “gs hhlmd
£ ar tion to the amount of skin test factor present in boutlion
;;:l;l\:e‘;: nrlg}: to prepare trichaphy tin fractions 1 which apparently ’:M:
#as yery little oc no sh test prmaple  Such trichophytins were sI 0“a
to be extremely eflective 1n producing rapid desensitization in suitabl ;}:st
tients without any local or focal reactions The experiments cited sut@m,
that the shin test factor s not necessartly identical with tPctdese}x:sx ;e;

prneiple Apparenzly some separation of one of these two factors has

atcomphshed
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Peck and Hemitt,¥ 1n 1945, w ere apparently ableto demonstrate that sev eral
merabers of the group of fungt occusting in clinical Jesions of dermatophytosts
were found to elabotate 2 factor antagomstic. to certam other microergan
1sms

Thek ataranma vadtabn mlas oo o

The Stgresf 4f D 3 as an O Health Problem

separately as the cause of absenteesm 1n the published statistics by the
U S Public HealthService It wasa common impression among dermatolo-
gists and industnal physicians that not only did dermatophy tosis contribute
considerably to lost time m mdustry but the presence of a fungus mfection
especially of the feet, predisposed workers to other allergic contact derma
toses

Gafafer® isted the frequency and duratron of disabihities causing absence
from work among the employees of a large public utdity for a five year
period  He found that there nere only 00142 calendar days disability per
male reported for mycosis of the feet as agamst 8 836 calendar days disabibity
per male from all disabiliiies

When the madence of dermatophytos:s of the feet was studied 1 mdus
trial plants 1n many sections of the country 1t was shown that the incidence
of deratophytasis was high i the plant populatian examned but not so
high as ne were led to beleve

It was smportant first of all, to determine whether dermatophytosis
was an industnal disease  In many industra] plants showers are comput
sory afterwork  If shower room flooring w2s an important source of fungus
infections of the feet the incidence of this disease should be hugher among
those workers taltog compulsory showers than among those in the same
plant whodidnot  The result of the i1 estigation demonstrated that while
It was possible under certamn <pecial conditions to deposit fungy from
fected feet and thus gne the possibility of nfecting shower flooring the
chance of domng so under actual conditions were small A much more likely

cully in those cases where the worker was on hisfeet a great deal mncreased
sueatiag of the feet due to such shoes the weanng of heave waol sachs
and exposure to wsoluble ort which saturated the shots and the sochs and
interfered with the evaporation of sneat all promoted maceration betw een
the toes and on the soles and thus aggravated a pre-custing fungus mfec
ton

Peck ef al 2 also carried out a study of the maidence of a fungus mfection
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in approumately 800 mdustral workers and 1ts relation to occupational

dermatoses  Of these workers, approumately 43 per cent showed a post

tive trichophytin test, indicating sensitwaty to fungt and/or their products

Among these cases, however, there were so few cases of allergic dermatoses

that no conclustons could be drawn as to the relationship of trichophy tin
. . s . . "

tral population  If tuchophy tin sensitization as such played a role in the
development of allergic contact dermatitis, the number of positive tricho-
phy tin cases should have heen higher in this group than in those who did not
have a sensitivity to the materals which they contacted

It could be concluded from these studies that fungus infections play a
munor role as causes of absenteeism, and sensitivity to fungi, while it 15 of
frequent occurrence, plays no tmportant role as a predsposing factor to the
acquisition of ather allergic contact dermatoses

The Relationship befween Fungus Infectrons and Pemcilltn Sensitinily
. .

ntroduction of the antihiotics into tk 1cs, however, the mp
of the fungus antigens as causes of allergic reaction has ymmeasurably
creased
ks L4 - « ~ Foha
urt
si1C
The urticana and erythemas, together with jont pain, and fever in some
instances, compnse the commonest allergic reactions to pemteillin  The
1nduced urticarial form of pemciliin allergy 15 often temporary, even tran
sient m character This 15 an nduced sensitivity and requires a defimte

incubation period varying from five days to three weeks  Ina r::ent s(l:;iy
P “an A adean e fin

sensitivity .

tic i
Nt and ACUMVE SLdpt XL s Lo ug 9

1plrleesence of : posl(l\: 48 hour perucillin skin test without any‘hxswgnzf

previous penicilin adminstration Attention to the so called * sponf e

ous” positive shin test was first drawn by Welch and Rostenberg e

actne stage, based upon the pre-existing [atent sensitivity, appear; bt

ext to p fim an bles the trichophytid berause 1t 18 €
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fenzed by an erythemato vesicular eruption which tends to localize prima

Rostenberg ™ w a small seres tested found an ancidence of § per cent
Suty five chuldren below 12 years of age were tested and none showed 2
posinve reaction  Sumilar observations were reported by Cormix and
Lewis ™

The work of Peck and Hewrtt™ explains the mechanism by whch derma
tophytons may induce & positive pemallin test and ultimately lead to
reactions to pemicillin which resemble those of the tnchophutids  The
results of their mvestigations a5 previously cited showed that the common
pathogenic fung mamnly responsible for many of the dermtom)coses are
capable of producing an antibiotic possessing many of the propertes of
pemelin - In the course of a fungus nfection of the shin there are a
pumber of antigens elaborated by the tnfectious agent Une of those 15
respanstble for the positne trichophytin test and trichophy tin sensitivity
and another leads toe the so-called spontancous peacillin test and repre
sents the Yatent phase of pemeiun sensitnary

The relationship of the meidence of the spontanewus positive pemeill n
test to the tnchophytin reaction 15 of mnterest The trichophytn test
carned out smultaneously 1n the patients who have not recenved penicitiin
teeatment showed positive reacttans in 33 3 per cent  Among the pemaillin
pt:s tve patients there were 60 per cent who had shewed a pusitive tricho

per cent among trchophytin negatne persons  Addivonal evidence of
the relationship between previous fungus mfection of the shin and tricho
phytin <ensitivity on the one hand and spontaneous pemcillin sensittvaty
on'the atber, 15 found 1 our obsenatians on 165 children ranging in age
from 2 months to 12 years who had never recened pemcilhin  In none
of these was either the pemerlhm or trichophy tn test positive  These nega
tive findings are 1n accord with the koown fact that even if present fungus
mnfections w the form of dermatophytosis rarely produce sensitnity to tr
chophy tmn in cluldren below 12 years of age

It hias been shown that i spite of practically the same ncidence of fungus
tfection among males 21l females there was a much hugher percentage of
males nho acquired & sensitity than females  This trend also applies to
percidlin sensitity  Among 130 patients who recen ed pemcallin there
sere 32 with skin eruptions 34 2 per cent of all males developing them as
agmnst only 83 per cent of females

Among 276 adults whom we treated who had never yecesved pemcilit
there nere 165 males, of whom 603 per cent showed the socatied spantane-
ous positive reaction  OF 108 females only 4 or 37 per cent shoved &
positine reaction .

The 2ctue stage of peaicillin senstrvity occurs during treatment Unlihe
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the induced form, this reaction can accur on the first day or two or even on
the first admmistration of penicilbin - We had seven such cases  All were
males and the trichophy tin and pemcilin (ests were positive mn each case
The much higher ! of positive | and trichophytin tests i
tins group than in the urticanial form of reaction 15 ndicatrve of pre-existing
sensitivity and its relation to fungus disease  Patients with this type of
pemaillin sensitvity usually have persistent pemicillin allergy of varying
degrees

There 15 no common antigen between crystalln pemaillin and tricho-
phytin Ve have been able to show that the antigematy of pemcillin
closely parallels antibiotic potency  In contrast with pemcilhn, tnchophy-
tin 1s much more stable and will act as an antigen after long standing and
nfler heating  As a final evidence that the pemcilin and trichophytin

“a mat dantenl b e macehla han nan a1l n and trchanhstn

Expenmental evidences' suggest that streptomycim; as at present com
mercially available, contains an antigen closely related to pemalhin - Peny
aillin atself may be present in small amounts in streptomycin  Also, there

12 posslbllxty t}mt strep!om) cm and trichophy tin contamn a common an
nt¢ ™ #ha lattar T+ o tr o that ther e

PR

there 1s no question but that a great deal of work should be carred out

obtainng as pure a product as possible Ho“ewer, if the ong\n of thtan
ave

ave
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PRACTICAL APPLICATIONS OI' IMMUNOLOGIC PRINCIPLES
IN THE DIAGNOSIS AND TREATMENT OF FUNGUS
INFECTIONS

By Donald § Martin*

Department of Preventive Medicine and Publsc Health Duke Unisersity School of Vedicine
and Duke Hospital Durham Vorth Caroling

The immunologic reactions in most fungus disexses differ markedly from
those usually encountered 1 the acute bacterial, viral, or Rickettsial tnfec
tions  In general, the fung1 causing systemic diseases are relatnely non

' ' FE SO T R )

sensitinaty of the antigens which we have employed for the cutaneous and

serologic tests

Our expenience has been imited largely to cases of North American blasto-
mycosis and pull v il The test Is used 1n these dis-
eases have consisted almost enturely of crude saline suspensions of heat hlled

fungt  Most of the patients who came to the clime had had their disease for
o Voo o1 .

ng the type of therap)  Lhe J0LOWING UAtd AL WEIE UDLALICY VY Lialy
tion of the hospital records of 24 cases of systemic blastomy costs and 20 pa
tients with the cutaneous form of the disease

With a few exceptions, the shin testing material used m blastomy cosis
consisted of a vaccine made from 2 yeast like phase of Blastomyces dermat
fidis cultivated on blood agar at 37°C  The vaccine was standardized by
mahing a 1-1000 suspension of the pached cells m physiologic saline and
then stenhized by heating to 60°C for two hours

Of the twenty patients with cutaneous blastomycosts fifteen werc shin
tested with vaccine and all fifteen reacted positively  Of the twenty four
patients with the sy stemic type of infection, mineteen were shin tested, but
only mne, or about one half, of the patients reacted positrvely  The remait
1ng ten patients gave negative responses to mtracutaneous mjections of the

vacetne  Of numerous shin tests on patients without blastomy costs, pane

has given & posiine fest
The relative specificity of the shin reaction 1s 1n contrast to the experience
of others who have tested infected animals and shown cross rt:ncut:nf b;

¢ made
slst es-
a brotn wedn

Ul own for a long ture on
sentally of filtrates of cultures gr g e

Such extracts may be more sensiti € 1n eliciting shin reacta ity, 0f nons :
factors may be contained 1n the filtrate, accounting for the cross reaction’
+ Present nddress Uiy ersity of Puerto R co School of Med e ne Szo Jusn P R
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mune rabbit sera but not with sera of patients with blactomycosis  This
finding corresponds with the well known results of complement fixation tests
with pneumococcus polysacchanide as antigen, i which fixation 1s obtaned
when the rabbit antibody guinea pig complement polysacchande antigen
system 1s used, but not when human antibody 1s substituted for the rabhit
antibody  The extracted protem fractions of Blosionyces however, will fix
gumea pig complement with both rabbit and human antibodies

We have made 1t 3 practice to shin test all patients with pulmonary
mombiasis  The shin test itself 15 of no value as a diagnostic agent because
of the extremely high mcidence of positive shin tests 1n the general popula
tion  Condida albicans oceurs so frequently i the oral cavities, feces el
of normal patients that the finding of a positive shin test 1n a normal indiid
ual should occasion no surpnse It must be emphasized that a diagnosis of
pulmonary momliasis can be made only with difficulty, becuse C albicansis
such a common secondary invader in many types of chromc pulmanary dis-
case However once the d pul y 1 has been es-
tablished a shin test should be done in order to plan a course of therapy
We have seen hypersensitise patients clenr up entirely after mjection of
desensitizing doses of vaccine  On the other hand a dramatic improvement
followed antiserum therapy m a ease of pulmonary monihasts in which the
shin test to vaccine was negatine

Although excellent agglutination reactions are obtaned easily with hyper
immune ribbit sera, 1t has been our experience that the agglutination re
actions with human sera are v ery unsatisfactory evenin patients with defin te
clinical mamifestationsof momltasis  The problem was studied by Mrs Rees
1n this laboratory, and 1t was found that clear-cut agglutination occurred
with human sera 1f the yeast cells were washed twice 1n saline before setting

~ ' NI Y oe mew e

serum titer by one to two tubes but also made a great change i the qualita
tnve appearance of the agglutinated clumps  Agglutination of the washed
cells resulted m the formation of defimte large clumps which were distn

ed easily from the controls
g\“Sh de Y o al 1 w 4 mlna ot tho neeanca 7 aend f VIV

218 sera sent to the serologic laboratory for Wassermana tests t was wurg‘
that 63 per cent of these sera gave positine agglutmation reactions for 2
albicans 1n o titer of 1-20 ot hagher  Sixty five of eighty six females (72 pcs
cent) and seventy-eight of 132 males (57 per cent) gave positne mc:‘xir;z
The highest age and sex Incidence (87 per cent) was found 1 females ¢
40 age grov]

ZI’IETM d|ﬂ§eregncespm results obtained with unwashed and washed cella“\}wue;
investigated by testing 134 sera uming both methods Of 100 serl.’(xve M
gave negative reactions with unwashed suspensions, 53 were nega
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HISTOPLASMIN SKIN TLST

By Alexander M Iams
Department of Pediatrics, Unstersity of Minnesota, inneepolss, Munnesoty

In the past five years, histoplasmosis has assumed a more inportant rale
m American medicine than most diseases of such apparent clinical ranty
Since Darling’s first case of histoplasmosts was reported n 1906, over ninety
proven cases of the disease hase appeared in the htetature ! In spite of this
small number of reported cases, a great deal of interest has been aroused by
a sertes of papers concerning the histoplasmun skin test and its relationship
to pulmonary calafication

In 1943, Long and Stearns,” in 2 revien of 53,400 mduction center roent-
genograms of the army tnductees, noted that “the incidence of calcified lesions
presumed ta represent healed tuberculosis corresponds to the now well knows
pattern of regional differences n the United States  High incidence, (over
15 per cent) was noted mn 2 region bounded roughly by Fort Oglethorpe,
Georgia, Jefferson Barracks, Missouni, Little Rock, Arkansas, and Colum
bus, Ohio  In general, the calcfications noted in the films of men from this
regton were considerably larger and more extenstve than those i men from
other parts of the country  Also, dissemated mifiary calcifications van
ously beleyed to represent healed residuals of a post primary hematogenous
dissemination of tuberculous, or perhaps 1n some cases, a healed fungus in
fection of the lungs seemed relatively more frequent in this area ”

Other authors' previously noted that, in the area where there was found
a lugh incidence of pulmonary caleifications, there was also a high percentage

of negatine Mantoux reactors i these same patients
* Toe 4 e spectfiaty, stated

. v Indwana, Tenes

* w York may have

This 1s the area

of pul tn tuberculgus negatn e persons and 15 also the

f p Y
endemic area of histoplasmos:s */
Some 1nvestigatorss™ ? 10 feel that the negative tuberculin reactions

patients with pulmonary caleifications are due to loss of sensitivity with the
healing of the tuberculous lesion This has not been generslly accepted,

however In 1945, and later i 1946, Palmer,"!  follow mng the suggestions
- a3 4 ot e n o) o ovanct ansaf 1,3

ang

tors

Chnistie and Peterson,*~ 1n & series o1 tutee At :AA—A;:-/‘:‘; e 7‘\,;:
s ranging

. 1d Palmer'*

Of these,

Furcolow ef al 7 seported the longest series ot more Uidu 14,000 tests from
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HISTOPLASMIN SKIN TEST

By Alexander M Iams
Department of Pediatrics U niersity of Minnesota, Vinncapolss, Vsnnesota

In the past five years, histoplasmosis has assumed a more important role
m American medicine than most diseases of such apparent clical ranty
Since Darling’s first case of histoplasmosts was reported 1n 1906, over mnety
proven cases of the dise1se have 1ppeared in the hterature ! In spute of this
small number of reported cases, a great deal of interest has been aroused by
a series of papers concerning the histoplasmtn skin test and 1ts relationship
to pulmonary calcification

In 193, Long and Stearns,® i a review of 53,400 induction-center roent
genograms of the army inductees noted that “the incidence of caleified lestons
I d to rey healed tul losis ¢ sponds to the now well known
pattern of regional differences 1n the United States  High adence, (over
15 per cent) was noted m 2 region bounded roughly by Fort Oglethorpe
Georgia Jefferson Barracks, Missoun, Little Rock, Arkansas, and Colum
bus, Oluo  In general the calcifications noted in the films of men from this
region were considerably larger and more extenstve than those m men from
other parts of the country  Also, disserminated miliary calaifications van
ously beheved to represent healed residuals of a post primary hematogenous
dissermnatton of tuberculous, or perhaps n some cases, a healed fungus in
fection of the lungs seemed relatnely more frequent m this area ”

Other authors®™ presiously noted that, in the area where there was found
a gh incidence of pulmonary calaifications, there was also a high percentage

P LY Y et -

) pecificity, stated

. ndiana, Tennes-

see, hentucky, Ohio West Virginia, Pennsy lvania, and New York may hae

borderhne positives while a few are undoubtedly positive  Thisis the area

of pul 3y cale 1n tuberculous negatie persons and ss also the
endemic area of histoplasmos:s **

Some mestigators* ° 1 feel that the negative tuberculin reactions in
pattents with pulmonary calaifications are due to loss of sensitity with the
healing of the tuberculous leston  This has not been generally accepted
however In 1945 and later in 1946, Palmer,! ¥* following the suggestions
of Srmsth and of Christie reported the histoplasmin shin reactions of 10 580
nurses from all sections of the United States  In an area closely sumulating
that described by Long and Stearns,? 68 3 per cent were positne reactors
Christie and Peterson ™% 1n a series of three articles 1a 1945 and 1946, 3¢
ported 2,032 histoplasmin shin reactions, most of which were from the M:
sissippt River basin L . £= * arenctars mmﬁ

from 59 4 per cent to .
reported a series of N )

ulin pegative
494 were histoplasmin positiv e, tuberculin pegativ 000 tests o

Furcolow et al ¥ reported the Jongest series of more than 17
1380
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Kansas City and had findings comparable to those of Christie and Peterson
With all the nterest aroused by these observations and because no studies
of the histoplasmin skin test 1n children have been undertaken i Mnne-
apols, I thought 1t would be of value to wake a random sampling of the
children 1n the Twin Cities At the present, our study of children i the
Mumneapohs area 1s still inadequate to show anything but trends A more
complete sun ey will be reported later  These tests compared with a series
PR b e o, 0.y
. L .

Matenal and Methods of Present Study

Through (he Coopﬂatmn of the Department of Pcdmm(s Unnersity of

1 he h. shan test was d as a routine test on
the pedmmc floors at the Unnersity Hospital and Minneapohs General
Huspital ~ Other studies have been done at the Catholic Boys’ Home and
Northnestern Hospital, Minneapolis  Tuberculin studies were also done
at the same time  Roentgenograms of the chest have been planned for any
positne reactors  The antigen used was hindly furmshed by Dr C W
Emmons of the National Institute of Health It was from the lot Hy,  The
dilution of 1,100 was used and 01 ¢¢ was mjected intradermally A test
was considered positine 1f the area of induration was more than $ mm
diameter in 48 hours

So far, we have done 210 tests, of which only two were positive, or 10 per
cent  Tihis 15 n contrast to the figures of Johnson'* of this city who, m 500
adult cases found 41 (80 per cent) positive reactors  His figures agree
with those of Palmer ™ It 1s also sigmficant that he used a diution of
1:1000

Thus, our figures are much lower so far than other nvestigators, and «f
any conclusion can be drawn, 1t nught be said that the histoplasmun sensitry
ity in thys area x developed at a Iater age than 15 years

Reuew of Other Studses

The Antigen N an Perms, Bensen, and Hohnger'® first prepared histo-
plasmin from destrose broth cultures of the fungus Zarafonetss ef al™®
:\Iso rrpamd the prepiration and use of hmoplasmm nnn sen llm\e\Ler,

. T
method of preparation has not been published, but I assume it 1s simdar lo
that of Emmons

The Test  The materal 15 mjected m dilutions of 1:100 to 141000, de-
pending on the v estigator, 0 1 cc of the substance 1s injected intradermally



HISTOPLASMIN SKIN TEST

By Alexander M Iams
Department of Peldiatrics Untrersity of Minnesota Msnneapoles, Minnesola

In the past five years, histoplasmosis his assumed a more important role
in Amenican medicine than most diseases of such apparent clinical ranty
Since Darling s first case of histoplasmosis was reported 1n 1906, over ninety

to pulmonary caleification

In 1943, Long and Stearns,? in a revtew of 53,400 induction center roent
genogrims of the army inductees, noted that “the incidence of caloified lesions
presumed to represent healed tuberculosis corresponds to the now well knonn
pattern of regional differences in the Umted States  High mncidence (over
15 per cent) was noted n a region bounded roughly by Fort Oglethorpe
Georgra, Jefferson Barracks, Missour:, Little Rock, Arkansas, and Colum
bus, Ohio  In general the calcifications noted in the films of men from this
region were considerbly larger and more extensive than those 1n men from
other parts of the country  Also, dissemnated mihary calaifications van
ously believed to represent healed residuals of a post pnimary hematogenous
disseminition of tuberculous, or perhaps in some cases, a healed fungus 10
fection of the lungs, scemed relatively more frequent in this area

Other authors™? previously noted that, in the area where thcre was found

P Ve '

s L mameantaa

of pulmonary caloyfications in tuberculous negative persons and 1s also the
endemic area of histoplasmoss
Some 1mvestigatorst? * 1° feel that the negatne tuberculin reactions 1t
patients with pulmonary calaifications are due to loss of sensitiaty with Ll;c
healing of the tuberculous lesion  This has not been gencr‘:ﬂ]) accz}')!:ns
ng
3
&
g
l:1551pp\ River basin  They found percentages of positnve reactors N!;:C;I‘I:’
from 59 4 per cent to 83 9percent  In1946and 1047, Zn erhng nnclé’;\mESC
reported a senes of 698 patients wath pulmonary calafication
494 were histoplasmn positive, tuberculin negative N o
Furcolow ef al ¥ reported the longest series of more than 17,000 tests fro
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In a different set of test arumals, however, he had entirely different per-
centages of positive reactors  From this, he concluded that the reactions
also depend on the stage of the disease at which the tests nere done  This
he called the level of sensitivity of the ammals or patients, and noted 1ts
importance 1n determiming the titer of the antigen

He then tested the cross reactions of the amimals between blastomycm,

) din, and tub it As did Emmons, he found that
there was 2 large number of cross reactions betw een histoplasmin and blasto-
mycmm  However, m using different lots and different concentrations he
found that the percentage of cross reactions depended on the lot and concen-
tration of each antigen  He felt that the number was more apparent than
real and that, if the cntical titer of each was determined and used they
would be decreased considerably  He felt that the acqurement of blasto-
mycosis did sensitize the animals to the histoplasmn antigen since a much
Tugher petcentage reacted posttively to the antigen after acquinng the disease
than before  He does not feel that the cross reactions are almost com
plete,” as Emmons says they are

Chnistie™ has deduced from his studies of the histoplasmn skin test in
man that the cross reactions noted by Emmons ate not seen m human sub
Jects

Thus, one sees that the whole field of specificity 15 wade open still  While
the test 15 not as specific 2s 1s coccidiondim, 1t 1s probably more specific than
Emmons has shonn

Results

The histoplasmin shin test has been used clinically for dragnostic purposes
too few times as yet for any defimte mformation to be guned It 1s the
general opinion of most myestigators, however, that patients sath a fully
developed chinical prcture of the disease are anergic and gne a negative re
action  This was my experience with 2 patient seen at the Mayo Chimc *
It was mteresting to note that the mother of this patient reacted very pos:
tnely to the antigen  This has also been the expenence of others  The
only deduction to be drawn from this 1s that both patients were exposed to
the sme source of infection, but of possibly variable dosages  The mather
m this case showed no signs of histoplasma infection

As stated previously, the bulh of the tests reported in the hterature have
been done 1n an effort to solve the problem of the pitient with pulmonary
alcification and a negatrve tuberculn test  There have been 27 780 tests
1 all reparted 1n studies of this kind  As shown in TABLF 1 386 per cent

(10732) of these were histoplasmin positnve reactors and 614 per cent
fraieh. v PR mmnnns wa N anmnf thacenat antechawerd

tuberculin tests were reported In the former group, 44 13 per cent were
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and read in 48 and 72 hours  Any test showing an area of induration over
5 mm 1s considered positise

Spectficsty  As with all shin tests used for diagnostic purposes 1n med
cine there have been questions raised as to the specifiaity of this test  Van
Pernis et al ¥ first used the test both on experimental ammals and on an es
tablished case of histoplasmosis 1 a human patient  Both gave positne
reactions  The most important usage of the test, however, has been i the
problem of pulmonary calcification, and in this the problem of specifiety
15 of particular importance

Emmons ! has reported the first investigation of this matter He first
mnjected 01 cc of hustoplasmin intradermally 1n dilutions of 1 10 1 100 and
11000 1nto twelve normal guinea prgs  None of these reacted  In four of
these animals he repeated the tests and 1n none was there any sign of irnta
tion or sensitization by the antigen  He then tested 39 gumea pigs with
experimental hustoplasmos:is  Thurty two of these gave reactions to a dilu
tionof 1 100 Also 9 rabbits sunularly infected, gave positne reactions

- e a2

to the huistoplasmimn antigen  Of particular significance were the reactions
to blastomycosis Al 8 test ammals were positnne reactors  In studying
this reaction further he did titration studies of the antigens of the two
fungi testing their cross reactions 1n experimental animals 1n many \arying
dilutions  From these studies, he concluded that There seems to be an
almost complete cross reaction between histoplasmin and blastomyan
expenimental blastomy cosis and histoplasmos:s 1n guinea pigs ™

In studying 136 hospitalized patients half of whom had atypical pul
monary lesions he found 404 per cent reacted positively to histoplasmun

and 2> 7 per cent reacted positively to blastomycin  The histoplasmin test
L} i A1V ¢ Ul oetam ~n oand the

some use 1n the eprdemiological field, 1ts use as a diagnostic procedure ®as

certanly hmuted .

He also has found cross reactions e 1y with Candida 4
feels this might nell explan many of the positnve reactors m the reporte
surveys?

However, Honell ? has reported the most complete study lmw the “h:::

Six strams of Histoplasma capsulatum and five of Blastomyces ®
subject ix stramns - 2 2 ha ﬁ.m ne af tha d flerent Jots of ech
und that
stages of
1mber of

of

ositive reactors depends on the lot of histoplasmin useu ard v v lution
?hes ;ntxgen He re?omm:nded therefore, that the antigens be smnd;rldelzidﬂ
preferably by employing a concentration of each lot which would “Zd e
simalar percentage of sensitized ammals  This concentration he cc\t o
titer which he defined as the mnimum amount which would detec
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histoplasmn positive and 55 87 per cent were negative, thus closely following
those m the Jarger group  Histoplasmin positne, tubercubn positise re.
actors were only 405 per cent, while histoplasmin positive, tuberculin
negative were 40 56 per cent  Of particular interest 1s the fact that only
4 36 per cent were hustoplasmin negative, tuberculin posshive, nhile 31 51
per cent were negatine to both tests  Thus, of the whole group, while 4413
per cent were positive ta histoplasmin, only 8 41 per cent were tuberculin
reactors  As will be shown Jater, this percentage 15 not a true index of the
population as a whole, since most of these tests were reported from one sec
tion, namely the central Mississippt Riverbasin — In these present statistics
those tests that were necessanly not 1ncluded were those of Palmer,™ which

TaBLE 1
Torar Hisroprasury Tests REPORTED o\ LiteraTURE
u+r+ | W+r- | paow | s~1+ | #-1- | w-10
— S
2% | wo | g9 30 38 a7
Total \o 10732 | Totlno 17 018
% 86 | % 6t 4
Total—27 80

* Tubwrcuhn résults not remorted

TABLE 2
RELATIONGIITP or HIsTOPLASMIN AnD Toaerctris Tests

% H4t - Total
T+ 405 136 841
— 40 56 51 51 91 53

Total 1 413 85 87 ey
18 746

Total number of cases

't s~ e ~aso) percentage of positive e
Thus, these present st2
= only 1n the companson
¥, Palmer dud not report
TaBLE 3 shows the histoplasmuin tuberculin reactrons of 2,577 ,(.1?.‘ ,ﬁt‘
cent) patients reported from a group of 16 006 patients studed # ot
All these patients showed varymng degrees of pulmonary calclﬁr: \od i y
roentgenogram  Here, 1t 15 mnteresting to note that 825 per cen! 4 rcm o
positively to the histoplasmin test and 18 3 per cent reacted posm\t;\{“ e
tuberculin test  Thus, the positnve reactors are four times as gre g
percentages of Palmer™ (209 per cent) and twice as great as the o

eactors
- camncted wn 1hne paner  The percentage of tuberculnt el o
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spond ¢, the eas of luberculm Negaty o pulmomry cnlcliicalzons as de
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The Combyneq efforts of luochemlsts and m; cologists Seldom have been
brou‘,vht to beay g A study of the aMmoung and ¢, 2racter of groy th Tesulting
rom utilizypg, of sinpta AMino ac;qs b; fung, Pithogen,. t0 humaps Rel
atnely fo, Stuches have been Teporteg which 1y,

N indicage the aMmino a4 re
Quitemen, 81 pathopey, for map fuch 0re has |, one o the
Autrieny |, Ments of p, 'Pathogen,e fung, TSon ang Mmargt
Studieq ¢ Telation of Ming acids to ca, Yide ang tycelum
Productsop, “Sarupy, 4 35Porum ang TeVleved hy sngm.ﬁcanthtem!
2ming a¢, . b SLup to 1934 y at, of the
aMming a5 tried, aspartie g, 1 was Outstap, INg n g abyj, Prody
my ey When ded sal meqy,, AIng plucose d organ;e
salts  pp, Ster ef g7 2 tudied g effect of us m y Carboh drates,
an, acids g p, worl thenutrmonalre Uiremen, Tm/mpl:_;lou
lerdip gy, udyng ¢ € effect of diy ent aming 4 1ds, they omitted
ODE o 56y, AMmino acs 1, media y hreh were oth, 1se fay, complete,
and whyep ed Miherajs, taming, arboh drate, and ajf of the other
AMmno g0 W hycj ere Teadily 3, thable ¢, enham? .
borted ¢, addyy, f Sparagina 0 a me, g olere a0y glu
€ose, anq, Ofganye Slts g, Teased the Yield of Py, 05 portm oral, Rob s,
achinp, ‘ dy ing the effect 2, d ency on (he
8rowth of T, t/mp/t)/wm'u ides, ob, d thay they f, led to 'Prove grow th

,
L Seny
by the addition o many amng acids 1o 5 basay Mediym contaxmngpeplﬂ"e
Robbing and Mas Studied 1y, deta the Brow th TequUiremen g of Tnt/wp/tyloﬂ
men/agmp/zy/e: (r EVpsennm) hey added 3mnG ge1s singly and 5, com
bination {0 a bagy) Mmediuy, contany, Morgan,e anons gpq €ations ang
tiol

N0 acids ag 5
source of ¢qp, 08S for the Browth of tho nonpathogemc fung 4 some-
what g, A Study hag been conductey by Bager and Spygpr with Coe
Qdi01des s Robbing and Mchgh’ obsery g that by droxyproline 1y
hibiteg the groy ¢py of 5 bathogen,q fungy, including 7 Menlagrophytes (1
83 pseum) and 7 purpmeum, when 33parigine %as the only other soy;r:
of itrogen 1 the Medum, The tnhibitioy, Produceq by h}dm\’n;“:‘n
was Iargel) Overcome by the Addition of Proline g 7ot by the aq itio
N0 acids

It hag p, 'Me apparens that, fo, 2 study of the effect of differen; 6:"“:;7
3ctds on pro,, th, the yge of fung, (mare highty dlﬂcrenu:ztl.‘d than ’;}1: ::'sc
S Severn) ad\antages which dy 70t atteng ¢ € Use of bacyery, E::l[tr
there 15 more OPportumity fo, motphologycqy Yanation (there being a gr
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The Preparyg, of caseyn h}dml}satc mploy eq 1as one Which pag been
Feported 14 have 4 high content of those beplideg Which gpe inclydeq by the
name Strepogemn

Lach ¢ e Wag Noculateq Wwithan Amount of the Fespectn e fungys Rot ey

Smali p, ghing lesg than 2 po s e
Spectes s, died are i1 rosporoy amimmn, pis Cros poron Imw.mm, ll:rm:pﬂmn
Jult e T1chophy toyy pmpmmm, TIChOP)) forg &3 pseun, Epnl'tmmﬂulvu
mguumle, /l(/wmm :tl/amlmn, Jlo/u/w albmm:, b/a:lmn) ces r]muall.'ulz:,
HLrlap[a:ma rap.mlamm, Ilnrmvduuimu Pedrogy, Spam/n{/mn Schenk, and

orula frstor, ca

ubdes nerg Kept a¢ room tempernlure (23~28“C) The rate of gro gy

was detennmed after 7 anq H days, mensurmg the height and diamege, of

the groy ¢, above g Sutface anq depth ang ameter of yhe Subsurfyce
A\ t ¥

growth, g4 Arance of Colonteg under , Wood's hght, ap, Microscop;e
changes of grow ¢ chamctenstlcs and Varnationg
Resuiry

Photographs of some of the 14 day Cultyreg appear FIGURES 1 ¢, 11
Detarjeq Measuremenys of the §ze of olomes and descnptmns of Microscopse
APPearances 4, il be Teported elsew here

Violet (or Violet) hght 5 5 distines ad i dAlTeren(m “Ome species of bac.
terna op of hogen,, fung, which shoy tdentiey} cultyra} chamcterlstlcs
In ordmary Ight Th, » SOMe specieg of bacteryy 8l e<pecalfy
when g, Wh at pg, r box temper, Te, deyel 9P Substances which
Uoresce st u Vood 5 hght Ho“enr, thogenie fup e,
€re studieq farled ¢ h any strl ), '8 2ppearance under the 1y s hght
€ Nature ganq 4 of groy ¢ of E¥psenns o the varoys media
closely fesembles phay re, by bins ang Mat g, e lagmp/l);e;
€rs, ai

8rowth oecyrs When the only aming 3¢l preseny’ ) h;dmryprolmc the
amount of Browth sy 3 smalj, ang May appeqp ml(‘roscoplc:l”) Lo consist
of a fey filtmens €xtending below, the Sutface of the me, um - Jf, howerer,

the single amino a¢q Dresent 15 glut:mme, glutamse o a E
Erowth 35 abundang When any ana 5
A Al
tator " oo o
.
tamed WIS present byt g)gy on the spe
s atio)
Cles of ultulation cid have ot

Althoygp fun, L grown on media ontaimng only one amino a
Leen hy dﬁ)b zedgnnd analyzed for ammg acids, they may be expected ;:n:oant
tain Drotens a5 Dostulateq by Robbins and M, s hese proteins 00;1 e
nd pro; bl many amne acids Becayse of lack of 2 o
ths, caution mysy be exercised in draw,, g
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escentiat for mamma\m\ grow th Rather,t appears more Josely related 10
the fachty with which 18 ‘embers €T ;m\mpa\e 1n reactions jnyolving
\nnumma\mn “The bty of pa\hogemc {ungy 10 synlhcsm many aMine
acds from 2 angle amind acd should not be surpnsind n view of the much
earher findings of plant phy siologsts whe studied o ersion of seed protem®
to g\u\-\m\ne and as‘mmg\ne and the teco“vcrsmn of ths g\ulamme an

T seedhing®
derable data a0 the Jiterature which indicates that not

patho! e fung and easts ar¢ hewist capa\y\: of sym\\:sxzmg aumerous
N0 acds gle a! and Sch\ol\mann“ analyzed
yeast prote! ang W rcentag position fidin€y 1ysings
Lo tyP ane and BT e Bl jond B ing'® ndcat the amo!
of ten sent! ac nt Y& onde o 4 Fev AT
(of o M) grev Tornlopsts utdles nd Sdfthamm)cex cerenisids motasses
(whach 38 cuefly carbohy te mediv nd nd that the an 1
east gron® ough ewhat deficient ¥ ethionin€s ap! ently »3%
he faurly comph 1e prote!’ rat? show € ata M obactertur®
Tacticolds grosng on dium onta! the oty mtroge® sources
aspara and ammo Yactate: S thesy gmne Tustdine jyswme
pheny\a\anme prokinés yahine, & Y wellas othe 1ds
Abdetha\dena ona™® erved th t lxpugnllus mger rmhesucd gy
alanine I ghutam acd, 4 aspart! as they gre® en 1h
media €O taaned 30Y ¢ ether pot o nirater gyon or utamic
acid as the troge \ orbr e 1 eucines and 3K
nune fro™ the prote® v esized BY A pngxl!us g gon® edim
contamp orga wrogen ShanneT it of feeding ests @
nd crude © jonmetnc tes clud 1 the P o symibest ed Y
hpng:llus 1eg hoderm! onigh nchiis mocllerts 1spes gllus
y=a¢ Aspug:llus ferrenis and P nmlhumﬂ o glauesm € o 1l of the
a\\cdessen\\ dseven h N m o \am\ngm\
gen only 10 the MOTE orm tat Ob as beet
made bY ata™ ¥ h 1spcrg|llxu ory ot
1n gene it ma 1d ! meodcndruu pedrost nd the Y ast b
organmsm studed omlo @' arula, 49 A€ 3S € ng 3! o308
requt s as th spe! grow fautly welt ny on¢
no acid 13 pre: nt
Wwithat 12 scond\mcd numerd <pe! ents a \
fungp &0 red th ount and of the subsu(i ¢ grov jptaine
hen b dyam contd a by Arolyz Jan, OF cyster of \\henl
gh 0% {ension wa \ntaIne Withams ob 4 \)umhnd
absurface grow oecurre! 1 only when cysten® was th o 36
p(escm, put ak hen it ¥ 3 sul sttt 3 for bY other mIno e
Our work 27! oV hat sub sface €1 I \)und:ml: "
{he medi! it nadequat® tyrum 55 The ¢ ! ::mg
amuno acids Prese e My of the adsare ¥ \e of sU §0 e
owt aller 18 amoul tsubsu(hce £ obtaine e
term

£0o!
eubsuriace gro® th appes™ then, 10 p
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organism to reach out for nutrient of better quahty or greater vanety than i
present near the surface

fluenced the amount of growth  Howener, because of the vers smatl amount
of rowth found 1n the control tube to which no amino acid nas added 1t can
be concluded that the effect of amino acid from the inoculum and agar was
almaost neghigble

Most of those ammno ac:ds which fail to support gros th should not be re-
garded ag inhibators  Rather, 1t may be assumed that the organisms are not
able to convert (at sufficient rate) such amino acids to any other amino acwd
which i turn could act as a precursor of all of the acids necessary for buildin,,
the proteins required for growth  For example, as seen m FIGCRE 1 3

the growth obtained

prohine for the same enzyme systems which convert thece amino acids t

otheraminoacids  The hydrotyproline 1s less readily converted and so may
act as a competitive inhibiter  Because other armino acids are not as Josely
relted structurally as these tno they do not compete to the same extent
Houever, if the medium 18 adeguate with respect to allamino actds the need
for action of these enzymes which convert one ammno acid to another disap
pears, and grow th then would be expected to be less inhibated by the presence
of hydrotyproline

Summary
Tharteen species of fung: (or yeast) pathogenic for man have been grown

fungiand yeasts  The amount and character of grow th depeads notonly on
the <pecses used for moculation but also on w hich amino act 19 supy lied asa

source of nutrogen  ‘The amount of subsurface grow th appears in general to
. T £ te . A te e
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