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PREFACE

Born medical men and naycologusts incline to the view that medical
mycology 1s a confised and somewhat esotenc subject. Medical
mycologists are not of this opmion They would mamtan that the
apparent confusion must m large measuze be attnbuted to the neglect
mnto which ths branch of medicne and mycology has fallen and the
farlure to appreciate the results of modern research. Dunng the two
past decades much has been done to dispel obscunities enveloping both
clinical and mycological aspects of fungus mfecnons n man and of,
at the same time, pected defi m knowledge have been
disclosed, stimulating prospects for future work bave been revealed

Much of the recent work 15 stll scattered through many periodicals
and no synthess has yet been made  Thus Little book, which 15 nether
a systematic account of pathogenic fungi nor an aid to the diagnosis of
mycoscs, does not adequately fill the gap It 15, however, an attempt
to provide students of mycology, medicine, and mucrobology with an
mtroduction to medscal mycology by using the principal mycoses
affecing man to illustrate some genetal problems of this borderline
subject

chan claim only “amateur” status as a medical myeologust and this

book owes much to the published work of others Iam particularly

grateful to Dr J T Duncan, formerly Reader 1n Medical Mycology
mn the University of London, for arousing my mterest m fungr of

dical 1

medical mmp and to all those p 1 me

who by conversaton and correspondence have done so much to d::Pzn
thus interest My very best thanks are gaven to the authors and pub-
lishers who have allowed me to reproduce their work, to friends who
generowly supphied me with photographs or matenal from which
Allustrations have been prepared, to my colleagues for their enticism
of the manuscript, and to my wife for help with the chapter on
poisonous fungy and for making drawangs

GCaA
Exsmex
9th October 1951
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CHAPTER t

INTRODUCTORY

The beginmings of medical mycology can be traced to Western
Eugope justover acemtury ago [t wasin 183 that the Imlun, Agostino
Basst {1773-1856], first offered experumental proof that one hving
organnsm could cause disease 1n another by huis demonstration that the
mascasdine disease of sfkow orms was caused by the fungws now known
at Beauveria basnana  Withe the next ter years the fungn assomated
with favus and thrush m man were descnbed  Interst m fungs as
pathogens of man was thus aroused but befote the controversy was
finally settled as to whether such fungt were the resolt zather than the
cawse of disease, the bactertological discoveries of Pasteur, Koch, and
Colint brought about 2 change of emphasts The subsequent recog-
nruon of the undoubted waportance of protozoa and viruses as patho-
gens of man completed the almost tota} echipse of the conuderanon of
fungy 1 cuology, an echpse from which medical mycology 15 only
BOW emezging

No medicad mycologst would clum that fungs rank n smportanee
with bactera and viruses 35 2 cawse of disease o man Fungus discases
may, kowewer, be of greater importance than luthento supposed, for
the effecss of those already knowm are not ummpresive  Emmions
{948} recently deew attention to the fact that of the 1,385,187 deaths
vecorded in Vital Statisnes of the Uniied States for 1942, 330 weze attme-
buted to fungr  Although this is ess than © 01 per cent of the total, 2
u neatly twice as many as all the desths duting the same penod from
panaryphowd fover, undulant fever, smalipox, rabies, leprosy, pligue,
cholera, yellow fever, and relapsing fever It 15 greates than that from
B} the typhus-bke dvexses and more thon half the number fram
syphosd fever, tetanus, o1 pohiomyechts  The 1945 returns show a
smibae paveern (Salvmn, xgsea) Tt should be noted, however, as
Emmons points ou, that effective prophylacue and control measuzes
prevent deaths from many better known discases while no coneeol
measures are knawen for several Fungus discases which are usually faca
O the other band, Jack of knowledge nught invoh ¢ atnbuting some
deaths due to fungi to other causes and 2 numbree of the most wide-
spread fungus discases are not fataf

B



a MEDICAL MYCOLOGY

Rehable stapsucs are not avaable for other conntmes, A
hamnary survey made during the war showed fingus diseases to b?rf
commion occurrence ot Batan {Dancan, 1945} where, aceording ta z
recent compulatton, more than sexty specses of fung: have been dnmed
as pathogemc for man and ammals (Amsworth, 1gs0, 195%)

It was 1 the Unsod States at the turn of the century that the frst

logical plant pathologsts were appounted by a Depariment of
Agnculture and 1 was there about rmenty years ago that the first
tramed mycologist was appomted by a Public Health Sermce. Most
coustoes have follow &d the example of the United States 1 the ficld
of plant pathology  Very few have yet appouted thexr first medseal
mycologsst. This state of affurs 1s to be deplored becuuse the ugmfi-
cance 0 public healch of the recogmzed fungus diseases 15 often stll
obscure and the possible smphcanon of fangt ments consideration
any disease of uncertam cause

~

Disease Nomenclature

Fungus diseases of man and antmals, unlike the more numeros
bactersal diseases of man and fungas diseates of plants, are dutingusshed
by a specral name  In all linguages, such a fimgus infecuon 1 known
as 2 mrpcasss Mycoses aee commonly deffereatrated by the use of 2
prefix which is exther dennved from the part of the body affected o from
the name, usually the genenc name, of the pathogen mvoled For
example, 3 mycous of the skin 15 termed a dermatomyeons, one of the
bronchy a bronchomycasts, and one of the nasls an enychomycosss, while the
diseases resultng from an acnnomycete and frat Cocadiordes smmns
are demgnated tycosts and diordomy pecavely  An
alternative method for couung disease names 15 by adding the suffix
~ons to the genenc name of 3 pathogen as 1 aspergilfons (from Asper-
lls), mscrosporosss (Murosporum), etc, Otbers are dustngushed on 2
‘geographical baus, ¢ g North Amencan blastomycous which must
aot be confused with South A b yeons or wth Escopean
blastomycoss {torulosis}

However dentved, 2 number of drsease names have an nternational
currency which 1s hable to muslead an uwary clincian sta the behef
that the meanings also have an mtermatonal emformuey  Unfor-
tunately, ths 18 not alsways so Many disease names are applied to0
condivions mduced by more than one pathogen and 1f used wichout
any wd of the p us mvolved, are a frudul source

of misunderstanding
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Pathogenic Fungi

The fung: whach cause mycoses ate many and diverse. To describe
these fungt in detard 15 outside the scope of this review. So too, 152
detarled account of fungy m general for which the reader 1s referred to
any of the standard mycological textbooks (e g Bessey, 1950) To
appreciate the Slgmﬁ.anc: of what follows 1 15 mecessary o'nly to

of vegetatve filaments 15 known as mycelum and the individual
flaments as hyphee The charactenstic umt of reproduction 1s the
spore and the four mamn Classes of Fungt are distnguished by the
method of spore formation In three Classes spore formation may be
preceded by nuclear fusion  In the Basidiomycetes thus sexual fusion
takes place m a special umeellular structure, the asidnm, on which
sexual spores (bastdrospores), usually four 1n number, are bome exo-
genowsly (see Fig 7, p 91), whilst in the Ascomyeetes, typically eight
ascospores are formed endogenously m a somewhat similar organ known
as the asours (Plate 1(7-21) and Fig 2} Sexual reproduction i the thied
and most pnmitive Class, the Phycomycetes, results 1n thick-walled
resting spores  In addibion to sexual, or petfect spores, members of
these Classes may give rise to asexual or imperfect spores Sometimes
there 15 a regular al of perfect and imperfect states,

one spore form predominates Many fungt arc only known to produce
mav Ve 1 e - - .

LI
§ g [} P

P P P

] .7 et
unrccognized, some arc the imperfect states of known perfect funge

and are classified 1n the Fongs Imperfects for the sake of 3

and others, the great majonty, are fung: which are beheved to be
unable to reproduce sexually
In addwion to the fungi proper, mycologuts, and paracularly
medical mycologssts, frequently deal with certam actmomyeetes,
organisms which show characters 1n common with bactena, such as
the tubercle bacallus, on the one hand and wath Fung: Impetfectt on
Ty -. v ot P A

KOG

anaerobic Aetmomtyces and the acrobic Nocardia, break up mto short
tod- or coccus-like elements which function 28 spores {arthrospores)
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Fungy are characterstically cither pacastes of plants or saprophytey
of plant products  Plant-parantie fungs are welf represented tn all
Classes of the Fungy and several ymportant Orders and Famdlies ace
composed exclusively of such forms * Some major groups such 25 the
Rusts {Uredunales) are obligate parasites of plnts, other Orders of
plant pathogens, such a3 the Smuts {Ustlaginales), can be grown
arnfictal culture, when the growth may be very different from the
myceha] parasitic phase, whilst for many fung: the transition from the
parastic to the saprophytic mode of Iife, or viee versa, can be very
casily cffected

Fungy pathogense for man and amsmals show an weerestng contran
They are unrep d m the Basd a Class which does,
however, include fungs powsossous for man  The pathogemc <tatms
of the few undoubted Fhycomycetes found assocuated with dissased
conditions 1s often very doubtful, as for example, 18 shat of Absdis
corymbifera, 2 Mucoe-like mauld sometmes wolated from the car of
man A also, are racly pathogemc, and the few that are
do not wsually produce ascospores in the parasinc state - An interesting
exception 15 Piedraia hortal whach causes 3 disease of the har m the
wopics known as Black Piedra. This weakly pathogeme fungus
develops as smalf black unsightly nodules on the haie shaft and causes
no sertous discomfort but 1t 15 rematksble m producng asct and
ascospores within the concretions whale stll attached to the g hate
Plate § Tt 13 possibly related 10 the Astemmeae, 2 group of wopwed
ascomycetes which grow parasincally an rather a sinmlar way on the
surface of leaves, Most of the important fangus pathogens of man are
imperfoct forms and shbough some can be dawmfied wrhow
dufficulty, the relationshups of others are very obscure

Another canteast wath plint-pathogentc fungy 15 the ranity, or pet
haps absence, of obligste parsssm A few actmomyectes
Rbsnosporsdyum sechens, the canse of polyp-like growths m the nose and
other organs, have not been cultured but most of the other known
fung: pathogemc for man and ammals grow well oo araficl medss
n vilro

It was Nackerson (1947) who fist drew anennon to the stlang
contrast between the ! reg of pathogemc fung and
pathoperue bactera.  Among bactena mcreasing, pathogeniaty 8
correlated with decreasing synthene abxhg and m a genus contang
both saprophytc and pathogensc forms the latter invaruably have the
MOTE EXACUNG i yeq Plant path fungywhr
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arc obhgate paranees also extubre marked nutnnonal speenbzanon.
Fungs pathogeme for man, on the other hand, show a negatve
i between pathogemcrty and specuabized nuttion This u
Mustrated 1n Table § where the muogen avd growth factor requure-

ments of several pathopenic fungr are 4 Puyrosp
otale, the * bortde baallus™ of Unna 1 clearly the mose speasalized of
the senes for 1 addwson o the need for orgame mtrogen 1 requises
thiarn (vrramun Br) and 1 the only known macro-organism far the
normal growth of whach 2 trace of fatty sad 1 essenbal, This munute
yeast 8 usally found ascocuated wath dandruff seales it has been
caumed to be a contrbutory cause of seborrhoeic dermatins and ether
defects of the skin but 13 ole n these disocders 1 very obscure and iy
wscaf status 1s probably that of 2 Jughly spectalized saprophyte At the
other exareme 18 Blastomyees denmatitid, a vardlent pathogen, which ean
make satusfactory growth 1 a umple ghicose-mumeral sals madsum.
The nngworm fungs and the mycehal yeasts show nutriuonal and
h ' which atc diaste between ehese

pathog
extremes
Geographical Distribution
A few mycoses have 2 wordd-wide disenb A

(Acnnomeyces tsraeli) has been duagmosed “wherever there is 2 sucroscope
and 3 laboratory” (Cope, 1938, p 27) by the Gaam posive, 2aid fast
granules composed of deltace branching hyphae, ofien with charac.
terstse penpheral “clubs,” found w pus from wssoes and m nesye
sections {Plate VI {3}) {in passng 1e may be noted that the fulore to
supplement microscopscal observanons with crincal cultursl studies
hasresulted i dimg the specics of. 1y olved
A single speaies was thought o cause actmomy cosis of run and caedde
Accosding to the recent wotk of Enkson (1940) and Thompson {1950},
there ase almost cenanly twa) Mombaws (rawsed by speacr of
Candids) 1 vanions manifestatians 1 also ubiquitous  Doth these
diseases are what 15 termed endogenous 'That 15, the causal organisms
may be wolated from apparently normal mdieduals and are found
very rarely, if ever, unassoctated wath man or anmmals. ln contrase to
thus are the exogenons diseaser 1 whuch nfecuon 15 wncurred from an
outude source  For some duscases, such as sporotrachosis (Sporotrichum
schencks), the pathogen 1 a recopruzed saprophyte, for others, such 28
South Amertean bl ¥ (». deider brasthennd) which »
believed to be of exagenous ongm, no external source of yifecton has
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mycoses The differential characters of these two ummas

by Henriar aré ser out in Table I Brovpeass eed
Tasee 11

DIFFERENTIAL CHARACTERS OF SUPERFICTAL AKD
DEEP-SEATEP FUNGUS DISEASES

. Sopefiod Mycows | Decpuacazed Mycoses
toruluss,

)
Normal haby of.
ot (}TQW Fansne Saprophyne
Leaons Mild, superfin, retncted | Severs deep spreading
Age anadenes Ustzal thddren | Us
. mfu!u suslly older people

Oceupanonal medeace | No partadie occupanons | Occupatsons exposny the tissaes
10 %l or vegrtable marter by
wounds of ynbalition

Geographial - distribu- | World-wnde mot restracted | Resmeted o o worldwde
tion mikh mote prevalent m rer
tun aress

Course Self uuted, varely fital | Progretsive ofien fatal

(From Heandl (sp4ch Table X p 115)

Two powts may be emphasized  The first s that the funge cospon-
sible for superfiaal mycoses are normally parasites of man and
anumals and are well adapted for this mode of lfe  The discases they
canse are typseally endogenous  Many of the fung responsible for the
systemic mycoses, on the other hand, are beheved to lve normally
as saprophytes and n general they are Jess well adapted for parssitism
The second, and perhaps more micsting pomt, 1s that the course of
superficial mycoses follows a sumilar pattern to that of most bactenal
and virus diseases. The mcubation period 1 xelanvely short, the enser
of the dusease sudden, and the symptoms, which are severe at fict
decreate 1 seventy with ume and so spontansous healing results
Dcep-seated mycoses, t contrat, show sundanties to aberrant bacteral
diseases such as tuberculons and Jeprosy cansed by specaes of Mycobar-
tenum  The mcub: riod 15 p d, the onset of symp
wsidsons, and the subsequent course one of mereasng sevestty which
pot nfrequently termmates 1 death.
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Dath types of fungus disease, however, show a common featuce
that they sndace an alfergic state in the tnfected subject {see Chapter VI
According ro Von Prrquet, 2 patasste ss not mjunious durectly but only
afier the cells of the host have become senstized to w producs
Altemanvely, according to Pladfier, the mvading organism contuns
witha tts protoplasm endotoxing which act on the host tissues after

death and disintegratian of the cells of the parsate  These views are
not, as Henoa points out, rmmuﬂy cxdmwe A:perg:llu: ﬁumgnhu
which dately produces
menzat ameats contuns an endotoxm, md 50 too, pmbzb!y, doe:
Candida albicans whuch produces a surulas zesult. Endotoxins abso occur
1z non-pathogense fungs such as Rbizopus siofomifer but the ocourtence
of these toxns 1 mor wsual 2mong pathagente fungs, massive doses of
wiich e no toxic teaction Expensmental evidence obtamed by
Henna with A furmganes suggests that sennsization may play a parr
mfeenion by dus fungus for there are two modaf umes for death of
tal anumaly, 2t one w Two days wich large doses, and wib
smaffer doses at aboue the tenth day, when the lenons change frors
sboevses to tubercles (see p 46} It may be that 1¢ 15 about the tenth day
shat an infected animal becomes hypessensitized so the products of the
fungus Tt 1s at this me that the skon tests become posite

In dermatomycosey, after 2 lesion hus developed sufficiently the skin
becomes hyp«mmv: 3o that an almost sdentical leston can bc pro~
duced by with poly d
extracted frcm the fungus On the other hand, 2 hypersensitive
ammal may be smmune to Tewnoculation ot the new lesion develops
wuch more rapidly

Henna suggests that these apparemly contradictory effects of the
allesgac stare the myunious and the protective may be due to the seae
of the allergic teaction  Inoculanon with whereubn will protect 2
guewnes-pig agamst resmoculation wath the tubercle baaillus but a biege
wyeeton of ruberculin may lead to an extennon of pulmonarty tuberes-
lows i man In one tae the organsms and products of the rearmon are
cast off to the exterior in the ather they are hberated mto the nssucs
In thus manner an lfergic reaction m the skin may be protective, in the
fung or kadney 3t may resulr i extension of the duease  Only patho-
geme fungi appear able to iduce hypersenunetty  This cype of
sensitraty 3 not the wsuad anaphylacuc sentinty which prevauds i
discases such as asthma and hay-fever  Like senntmaty to tuberculn,
1t 12 not accompamed by the development of bumenal annbodies
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to replace Tokelau rtch, because the mfected skin seales appeared to be
mmbricated, 1 like overlapping tles Ie was nearly twenty years later
that the French worker Blanchard named the fungus Trichophyton
concentricum after the concentnc patterns which 1t caused on mfected
skin (Plate IIT)

The recognition of Tokelau stch a5 3 mycoss was the result of dis-
covertes made i Europe some thurty-five years before by 2 number of
workers but particularly by David Gruby [1810-08] who may Justly
be claimed as the founder of medical mycology Gruby was a Hun-
garian Jew who studied medicine i Vienna and m 1840, rather than
submut the ceruficate of baptism. necessary for a professoral charr,

1 s 1. 1 o7 PN 2 - L 1 __tya,

m v R
was not, however, fully apprectated uned the last decade of the century
when Raymond Sabouraud [1864-1938] began hus classical studies on
the nngworm fungs by pure culture methods, studies which by therr
magnitude and authonty gave Sabouraud an umque position 1
twentieth century medical mycology

- Fom i hmandl 1 et vad buce me fhat 15 b0 537
ies of 3

- T =218 no
reaction untl the skin 1s scratched when a mycotic lesion develops at
the pownt of mjury The action of some dermatophytcs 1s confined to
the skin, as for example, 15 that of Trichophyton concentrinm  Epidermo-
phyton floccosum (2 cause of nngworm of the grom and feet) 15 also
unable to attack hasr, although 1t occastonally mvades the patls, but
most species are able to parasttize both skin and hair

The current nomenclature of the nngworm diseases has 2 topical
basis Rungworm of the head 15 designated tinea capitis, rngworm of
the fect as inea pedss, that of the body as tinea corpons and so on

Although these names are valuable to the chntctan they lack preasion
because moare than one fungus 1s able to cause disease at any one site
It 35 not always clear whether sumiar clmcal condinons caused by
different pathogens should be given the same therapeutic treatment
There 15 general agreement, for example, that tiea capis in chuldren
duc to Microsporum audousns, a fungus found naturally only on mas,
15 more difficult to cure than the very suntlar conditron caused by M
camts from cats and dogs 'These two types of microspoross are dis-
tnguished with certamty only by culturing the pathogen, but sometumes
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an expertenced chmcian 15 able to distinguish the latter by its more
mflammatory reaction which may on occaston be s severe as to nduce
the type of leston known as a kenion Body ningworm 1 man resuls-
1ng from the cattle nngworm fungt may also be pustular and such 2
reaction 15 2 general charactenste of ammal nngworm fung: i man.
Dermatophytes found naturally only i man tend to cause less -

flammatson than those from ammals
Epidemiology
A detaled 4 of the epidenuol: wauld

P gy of ng
here be out of place It 13 only necessaty to dlustrate the importance
PR Y A v e e e

another In France, speaes of Trichophyton predominate, mn castern
Europe, Asia Minor, and North Afnca other spectes of the same genus
teplace those commonly found 1n western Europe, whilst 1n the
Brosh Isdes the fungt most frequently mvolved are two speaes of
Micvosporum, M audowni and M carus (see Walker, 1950)

Head nngworm, beng popularly assocuated with uncleanlness, 15
still considered by muddle and upper class mothers to be a somewhat
disreputable discase  The animal type of Miaosporum may, however,
be mtroduced mto famulies s all strata of socety by mfected pets
Large outbreaks caused by this species sometimes onginate by many
chuldren having access to one source of infection such as the school
cat, although most mfections are of one child by another Af ecoms
1 generally ble to topical or 1 ¢l d spon-
tancously as a result of the inflammatory reaction induced, and
thus shows 2 marked contrast to the very mtractable Af audomn:
which 1 responsible for the major epidemues among children of
school age |

A audowni, which was first descnibed by Gruby mn 1843, appears
to have ongmated mn western Europe  Its madence falls off 1 eastern
Europe and the only records from tropical countries are nfections 1
chuldren of Eutopean reudents It has, presumably as 2 consequence
of emug; bocome firmly established 1n the temp parts of
North Amenica and i Australasia where, as in Britam, epidemcs are
not infrequent.

The ugns of the discase are hairs broken off a few mullimetres above
the sealp to Jeave stumps surrounded by a loose sheath of spores by
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baths} are hugh and the hot and humud condition of the feet duning
workng hours favours the growth of the fungus

The Ringworm Fungi .

Rungworm fung: when parasitizing skin rarely show any dugntl:suc
characters  Possibly owing to the low nutrmve value of keratinized
tussuc, the growth in skin 15 chiefly mycelial and the septate, branched
hyphac of one specres as seen i a scale cleated for mucroscopic examunz-
tion by mounting 1n a 20 per cent solunon of caustic potash (KOH) are
very simalar to those of another (Plate Il (2)) The morphology and
arrangement of the spores (arthrospores) resulting from the frag-
mentation of hyphac are also non-speaific 1 skin although the size and

disp of arthrosp developed on an mfected hawr may give
valuable clues to the identity of the pathogen (Fig 1, h-), Plate V(1))
It 1s only by growth m pute culture on artifical media that the full
potentialities of a dermatophyte are revealed and no dermatophyte
can be 1dentsfied with certainty unul ats cultural characters, both
macroscoprc and mucroscopic, have been determmned

The nutntve requirements of the ringworm fung are not undely
exactng (sez p 6) Provided nitrogen 13 available m an organtc form,
such as that offered by the ammo-acd mixture of 2 peptone, most
dermatophytes will make profise growth on a great vanety of medua
and 1n order that the results obtaned by one worker mught be cor-
telated with those of another many attempts have been made to
standardize dhagnostec culture media - The most wadely used modmxﬁ
1s sll the peptone-sugar medum known as “Sabouraud’s Agar’
which was developed by Sabouraud in the eighteen runenies fofor-
wunately, Sabouraud used a particular French peptone, Granulée de
Chassaing, which has not been generally available since the Firse World
War, in combmation wath a spectal brand of impure maltose (Brute de
Chanut) or glucose (Massée de Chanut} Later workers have shown
that pure glucose or maltose may be substituted for that recom-
mended by Sabouraud and that good results are obtamed with other
types of peptone, but a really satusfactory standard medwm which
could be prepared m any mycological laboratory has yet to be
devised .

The importance of the composton of the medium 13 n patt duc 1
the emphasis that Sabouraud, and others who undertook the first pure
culture-studues of the rngworm fungy, placed on macroscopic cultural
characters such as whether the colony 1 cottony (floccose, lanose},
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powdcry, or smooth (ghbxous) and Lhc pattern of the folds or con-
cfeley

fmamb gL g g=f ool fesm ganeg
. ey ot (IS B M l-.'—a‘
¢ cs o d LI ot LN
Tergnes 1910 (see Plate I]) Since the pubhmnan of that mymlogu:l
chassic, medical men wath Litdle knowledge of mycology have tended
to make their tdentifications by matching cultures agamst Sabouraud's
figures without any atternpt to ascertam the characters of the spores
and other mucroscopical features which are, 28 Sabouraud knew, of
grcat taxonomic unpomncc
D:rmztophym producc (hx:e rypes of asexuzl sgorcs m eulture

fra-t o2

condutions not yet fully undeestood  They are often most readdy
producedina pumary culture (the culture denived from an moculum
of infected maternal) and sometumes, as 1 Microsporum audownt and
Tnchophyton violaceum, 1t 1s the lack of the approprate growth sub-
stances which prevents ther development (Hazen 1047 Georg 1948)
Among other mucroscopic structures mentton may be made of hyphae
composed of cells each dilated at one end, the soalled ‘ racquette
hyphae,” spiral hyphae (see Fig 1) and nodular organs * which are
possibly vestignal ascogoma

The dermatophytes are characterstically unstable in culture  After
4 shorter ot longer nterval the culture becomes overgrown by a
cotton wool bke mycclxum which finally reylaccs :he normal growth

(Plate 1) Thus ph 15 known as p and pleomor-
phic cultures dcv:lop no dia and few 1f any

or other dugnostic structares  Pleomorphic cultures are sall patho-
— ot . . , . .t

Emymu! “ork on t.hc dc\cloymcn: of medn for the prcvmbon of

plcumorphnm which s at l:ast dehycd by culture on mmnl m:dn
such as wheat or barley grams, contamung complex carbohydrates and
on Saboursud s Conservation Agar, a 3 per cent peptone medium
contuning no sugar
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charactenistic of clincal favus Microsporum was differentiated by the
mosatc-like sheath of small spores around the harr shaft from’ Tr-
chophyton 1 which the spores were arranged m linear series The genus
Tuschophyton weas sub-dtvided mto two sertes according to whether the
fingus developed on the surface of the hatr (Ectothrix) or withun the
hair (Endothnix) (Fig 1,4, ) Twenty years later Sabouraud revised
this classification and, whle sl mantaming the importance of climeal
cnterna, replaced Trichophyton by Endothnix, Microsdes, and Megasp
(Sabouraud, 1920), three genera which have been little used, for most
of Sabouraud’s followers prefer hus catlter groupings and names

Grgorakt may be ated a5 an author who took up an extreme
mycological standpomt and devised an elaborate classificatton, based
on the pic and pic cultural ch and necessi-
tatmg the creation of six new genera (Grigoraky, 1925, Guurt and
Gngoraky, 1928} Vaillenun (1931} distrsbuted 2 number of the mg-
worm fungi among “non-medical ’ genera of the Fung: Imperfect and
C W Dodge (1935) employed eght genera and numerous sub-genera
1 the pnmanly mycological classificaion which he dewised

Theze 15 a general feelng among mycologsts that genera of fung
are best delmuted on morphological grounds and the most useful
modern advance 1n the classification of the dermatophytes was the
demonstration by Emmons, a mycologist by tramyng, that three of
Sabouraud's genera could be factorily defined n logical
terms (Emmons, 1934) In Emmons’ scheme the most tmportant
diagnostic ertterion 15 the character of the macrocomdum  In the
genus Microsporum the macrocomdium 1s more or less spindle-shaped
multseptate, and thick-walled, club~shaped, multseptate, and thin-
walled 1 the genus Trichophyton, and pear-shaped, with no, or only 2
few, septa m Epidermophyton, while the absence of microcondia
Epidermophyton and other characters which served to differentuate the
three genera were shown to be correlated with macrocontdzal charac-
ters (see F1g 1) The spectes which Sabouraud meluded the genus
Achorion were found to be naturally accommodated m Microsporum
and Trichophyton as delinuted by Emmons and Epidermophyton was
reduced to a monotyprc genus for E floecosum (syn. E sngunale)

The generic proposals of Emmons have been wadely accepted m
Notth Amenica and elsewhere Medical mycologsts of the French
school, however, frequently follow the clasufication employed by the
late Professor Langeron, two of whose generic uses call for comment.
Langeron and Miochevitch (1930) nterpreted the conidial masses
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assocuated wath bm:chcd anv.l«-hkc byp!n: extubited by certain
species of Trichoph d that 1t would make
for a morc “natural” :Im:ﬁauon if thcsc species were clasufied, not as
Fungn lmpcrf':m but as As:omyc:xcs, that u8 to say, as Perfect Fungs
The 1p of the & hytes to such a3 dmxc of
the family Gy had long been dereda

speculatton and 1t was to the genus Crenomyces of that family that
Langeron and Miochewitch transferred these specacs.  Langeron’s
other innovation was to widen the genus Microsporum, as 2 new genus
Sabouraudutes, s0 as to include certamn species of Trichophpton (Ota and
Langeron, ig23)

Dermatophytes have been classified in more than thurty genera in
addition to those already menuoned Most of these gemera were
specaally proposed for nngworm fung, but most of them have never
been generally nsed, even by ther authors  The rehwnonship of the
half dozen genenc names used by Sabouraud, Emmons, and Langeron
are summanzed 1 Table 1

Sabouraud dutinguished speaes manly by the character of the
growth in culture and by microscopical characters, and most modern
mycologists would accept the validity of these entera even though
few would agree that all the speaws proposed by Sabouraud can be
mamtamed  This change of viewpornt 13 1n fazge measuze due to the
mnymnvesuganons on the range of vanation exhubited by fungi and by
mucro-orgamusms 1t general  The stadies by Emmom on spontancous
varation in A gypseun and Trick
mdxaled lhc very wxdc dxﬁ':xmca bet\\cm vzmnu produccd fxom

- . . L
dxﬂ'crcnm m respccl of vitamn requirements between strans withun
the species T diseordes and T ochraceum

Emmons and Hollaender concluded that “speces Lines have been
drawn too nzmmly among dmmmphyrn and that some so-allcd
-y

P . . . .
b, S€ the sp(xmng of species a3 :dvoau-& by Sabouraud nufm
precuse identificanion of the fungus difficult of not impossible, extreme
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paper on ningworm and finds that the only clues to 1t contents may be
the dllustrauons and the speatfic names of the fungt m the fambar
Laun  Hence the need that the names selected should be mternationally
acceptable  Unfortunately, medscal mycologusts have shawn a regret-
table sgnorance of the rules of nomenclatuce, or they have wilfully
mftinged the rules m 2 misgmded effort to avord changes 1 names
which, though famuluar, frequently lacked preasion or were merly
parochnal

The two mam objects of the International Rules are to ensure that
each fungus has but one name m any group m which 1 may be clasufied
and to ensure precision n the application of names

The first abyectsve 15 attamed by the famibar “law of prionty ™ The
cat and dog nngworm fungus, o take a well-known example, was
named Microsporum canys by Bodin 1 France, m 190z, M felineun by
Mewbom in New York, also m 1902, and M fanosum by Sabouraud
1907 Mewborn refers to Bodin’s book and so Bodm's name takes
priosty M cams 15, therefore, the vahd name for sus fingus when
classified n the genus Murospornm  Cats may be more frequendy
wnfected than dogs but the rules do not take into account the appro-
priateness of names M felinewm could enly be correctly used bysa
author who believed that dfférent species wnfect eats and dogs, xespec-
avely Sumlarly, there ts general agreement that Sebouraud i 1910
gave the name Epidermophyton wngunale to a fungus descabed many
years eahier by Harz as Acrothecurs floccostun so that the vahd name for
the fungus studied by Sab d, sf Sak d's 33 accepted
15 B floceosum {Harzy Langer and Milochev, in spute of the fact that
Lasgeron and Milochewnitch did_not transfer Hace's speces 20
Epdermophyton unul 1930-

The selection of a valid name mvolves the appliction of 2 set of
acbstrary rules Most rgworm fimg have more than one vahid pame
and the choice between these mvolves personal judgment  Adhonon

hoenlers and Trichaphyton sthoenlesrs are both valid names for the
favus fungus The fiest 1 used by workers who accept 3 genus based
on clmeal characters, the second by those who think such prachee
undessrable  Agaw, Trchophyton mentagrophytes and  Clenomyees
mentagrophytes ace both vabd and the second name 1 used by those
1 whose sudgaent the abseace of ascospores does not prevent the
classification of thus specses as a perfect fungus.

Preciston 1n the usc of names 15 ensured by the type method  Every
taxonomuc group s based on 2 fype, 2 famiy on a type genus, 2 genus
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ona species, and a on a type speamen which may bean
mu:lql’;u:m or may mubluh:d desenpuion, often wath illus-
trations The application of 2 name must always include the ongmal
sense a3 tdicated by the type It may mclude much more as, for
example, when T schoenlerns 13 used to cover all the fanform speaies
of Truchophyton Such usage 13 valid until the scope mcludes an older
taxon, the name of which then takes prionty  Ota and Langeron’s
genenic name Sabouraudites 1s mvalid for this reasan. It includes the
older genus Afirosporum of which 1t 15 an obligate synonym sice
Mucrosporum and Sabouraudites are based on the same type species The

1 good reason for s njcmon

A stable for a stable
for the dmmlophym as for nuny other groups of fung1 a gmcn!.ly
agteed classification 1s sull far off  An attemp 10 freeze nomenclature
on the basis of any current systemn 1s clearly and
such action would be intolerable to systematists who must retun their
nght to devise new and perhaps more natural clasuifications as know-
Ledge of fungr and thewr inter~relationshyps advances and thusto change
names Workers 1n branches of applied mycology such as plant
pathology and medical mycology, make frequent use of relatwvely few
names and 1t 1s changes m these names which raise tempers and when
very frequent, make for confusion  The latest views of even the most
emument systematst are not necessanly final and 1t 18 often adwisable to
treat them with 2 certain sceppasm Modificanions m classification
mvolving name changes do not invahdate earlier names which do not
wfringe the Rules of Nomenclature and, a3 alteady poeed out, a
speares may have several internatonally valid names. Ik may therefore,
assist umformuty of usage 1f acceptance of a proposal to change the
name of an wmpottant pathogen 13 d:fcm-d untd it 1s known whether
the new cl. ble to other wntercsted in the
paruculat group of fungs mvolved Evenaf there 1 agreement among
systematusts, 2 sound knowledge of the Rules of Nomenclature and
action by an International Botamaal Congress may render changes 1n
the names of tmportant fung unnccessary For (hc pm ﬁﬁ«n yeans

1 fom e e =
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can the presence of mycelum be demonstrated but the arrangement
of the whorls of budding cells (blastospores) can also be 3
studied  An alternative method, whch depends on the culture mediwm
preserving the mycelial structure of the submerged growth 1 to take
a four- to seven-day-old slope culture, wash off the surface growth
remove the whole slope from the tube, and then mount thun transverse
sections 1 Jactophenol (cf Fig 2, f g, k)

It 15 frequently difficult to mduce ascospore formation 1 a sporo-
genous yeast and a number of different techmques 1s availible
Almerda and Da Silva Lacaz (1940) advocate mcubation for 24-48
hours 1 sterile 5 per cent potato starch solution for this purpose and
their technig the add 1 ad ge of revealng mycelal
growth at the same time

Morphology 15 of limited value m distmguishing species of yeasts
In the genus Candids the production of thick-walled sphencal
chlamydospores 1n comn (marze} meal agar differentrates C albicans
(although the absence of these structures does not exclude this speces)
and the flat or wrinkled, dry growth of C kruser on Sabouraud's or
on beer wort agar 15 charactenstic Usually, species are more certamly
daffe d by carbohydrate fer tests stmular to those
employed for differentiatmg bacterial spectes but with the vanous
sugars at a concentration of 2 per cent The four sugacs—plucose,
sucrose, maltose, and Jactose—are now generally considered sufficent
for the recog of the pathogenc an -pathog
speates of Candida Castellant (1937) by using thirteen carbohydrates
and other spectal tests, recogmzed more than thicty species but most
of these are no longer accepted The diagnostic characters of three
common spectes of Candida are summanized 1n Table IV

Yeasts of Medical Importance and theit Nomenclature

With a few exceptions, the yeasts of medical importance are fungt
imperfects The cause of torulosis (see p 48) 1 an asporogenous,
non-mycelial yeast sometimes classified 1n the genus Torulopsis but
which, if the arguments recently advanced by Skumer (1950) are
accepted, 15 best d ryp fo tyrosp
ovale (see p ), belongs to the same group The most common
and ubiquitous pathogenic yeasts, however, are charactenized by my-
cchum (or more accurately, pseudomycelium, for the hyphae may
be mterpreted as elongated budding cells) and belong to the genus
Candida
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can the presence of mycelum be d d but the

of the whorls of budding cells (blastospores) can also be 3
studied  An alternanive method, which depends on the culture medim
presesving the mycelial structure of the submerged growth, 15 to take
a four- to seven-day-old slope culture, wash off the surface growth,
remove the whole slope from the tube, and then mount thin transverse
secteons in lactophenol (cf Fig 2, f g, b)

It 15 frequently difficult to mduce ascospore formation 1n a sporo-
penous yeast and a number of different techmques 15 avadable
Almeda and Da Silva Lacaz (1940) advocate meubation for 24-48
hours 1 stenle 5 per cent potato starch solution for this purpose and
their t 1 : has the add: | advantage of revealng myechial

9!

" « of yeasts
o N . sphenieal
chlamydospores m corn (maize) meal agar differentiates € albicans
(although the absence of these structures does not exclude s species)
and the flat or wrinkled, dry growth of € kruser on Sabouraud’s or
on beer wort agar 15 charactenstic - Usually, species are more cestanly
diffe d by carbohydrate fe tests simlar to those
employed for differentiating bacterial species but with the vanous
sugars at a concentration of 2 per cont  The four sugars—glucose,
sucrose, maltose, and lactose—are now generally considered sufficient
for the recog of the « pathogenic an pathog
speates of Candida  Castellans (1937) by using thirteen carbohydrates
and other specal tests, recognized more than thirty species but most
of these are no langer accepted The diagnostic characters of three
common spectes of Candida are summatized 1n Table IV

ir N 1

Yeasts of Medical Imp and their
With a few exceptions, the yeasts of medical smportance ace fungt
impetfects The cause of torulosis (sec p 48) 15 an asporogenous,
non-mycehal yeast sometimes classified m the genus Torulopsis but
which, 1f the arguments recently advanced by Skinner (1950} are
accepted, 15 best desgnated Cryp fo Putyrosp
ovale (see p 3), belongs to the same group The most common
and ubiquitous pathogensc yeasts, however, are characterzed by my-
celum {or more accurately, pseudomycelium, for the hyphac may
be mterpreted as clongated budding cells) and belong to the genus

Candida
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The 1 of p yeasts, and of the
geows Candida 1 yuncu.laz, 15 mm;)!ex. Dnddcn: znd Lodder (1942)
ate 87 syponyms for C. albians. The problem has been much
clanfied doning recent years and at need only be mentoned that,
unfortunately, there ace serous technical objecuions to the genenc
namne Candide which may have to be replaced by an older and less
ambiguous name It was customary for medical writers to clasnfy
these yeast-like fung: as Moniha (hcncc the disease name st 3
genus properly u;cd for the fungr wh - . i

a3 smee 1020 - - .

3 - s euemionofan!nwmzuoml

Be o - 3t were found to be posuble and desiable.

The Problem of Pathogenic Status

The best known, and medically the most important, of the mycelal
yeasts 13 Candids affweans This fongus was tecogmzed by Gruby
1m 3842 35 the cavse of thrush, a disease of the buccal cavity charac-
tereed by a whte fungal growth over the mucous membrane hmng
T addstion, 1¢ 15 responsible for p hra {an 10 Y infection
of the nal bed), fo { hized but more
wnsnally confined to the mnzerdigrtal spaces and to the axillac), vagumtss,
pathological conditzons of the digestive tract, and disease of the lungs
All these conditions are expressions of the disease complex known 25
monduss m which other specses of Condids may skso be mvolved
According 1o Mackinnon (1946), C afbicans appears to be the only
cause of thrush and mnterdigtal crosion while C froprealis often fe-
places C albt:an: a5 the cause of momlsasis of the hungs and paronychi,

Several other path d by the same auchor who
x:gﬁrds C kruses and €. chalmersn 23 two cormon saprophytes which
age frequently found g ssolates of pathogeme speaes

Vagunes caused by C albicans 15 most pr:v:lcm among preghant
women, especully dunng the three months preceding labour,
probably duc to an merease of glycogen i the vagmnal mucosa, there
besng spontancous cure after delivery  Babies may contracy thrush ac
birth from such snfected mothers with the resul that the disease
occasianally becomes epidemuc 9 a maternsty ward  The demon-
stration of the fungus natuee of the patches of thrush and the death of
aff€cted ciufdren feat es futfe doubt of the mycotic angm of the disease
and the virnlence of the pathogen  Sumalarly, the mucroscopic 20d
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cultural demonstration of a species of Condids from 2 typrcal case of
paronychia leaves little doubt that the fungus 15 present a5 2 primary
pathogen  Under other arcumstances, however, the status of the
fungus may be far from clear and for other condittons the role of the
fungus 15 often, 1f not usually, uncertam

During the mineteen-twenties 1t was thought that Mombia pstfosis
(now regarded as 1dentical with € albucans) played an important part
m the etology of tropical sprue smee thus fungus was repeatedly
demonstrated 1n the stools of many affected persons Laer work Jed
to the conclustons that sprue 15 due to a nutnitional defictency and that
the infectron by species of Candida was only a secondary effect. It also
became apparent that C albians occurs m the fieces of about 15 pec
cent of normal individuals, whether from cities or country dustrcts,
and thus the demonstration of Candida 1 the facces 15 no conclusive
evidence of | [ disease  Sumularly, the d of Cendida
m sputum 15 very unrchable evidence on which to base a diagnous of
monihasis of the respiratory tract

Budding cells are frequently seen in staned sputum smears  These
cells may have ongmated from the mouth  Species of Candida were
demonstrated by Epstein an 1924 (see Skinner, 1947) 1n the mouths of
54 per cent of thfants 2-6 weeks old, 1 46 5 per cent of those up to one
year of age, and in 38 § per cent of the 1-6 yeat group, whilst Todd
(1937) found C afbrcans 1n 14 per cent of 1,000 normal wndividuals
(7 o per cent mouth and throat, 3 I per cent mouth only, 3 9 per cent
throat only), the meidence i females (18 2 per cent) beng hagher than
1 males {9 3 per cent) ‘The madence of yeasts may exceed even this
level, particularly 1n persons with pattal or complete dentures for
whom Kughton (1936) found the mnadence of all yeasts to be 61 pec
cent 1 contrast to 32 pet cent 1n a longer senes of mouths without
dentures (It 15 interesting to note that the madence of C albicans 1
the last two senies was approxamately constant at 24 per cent and 22 per

e v are

. . -

. h

which they can be demonstrated and therr number must then be taken

1nto account ‘The number may tmslead, for Candida spectes are ableto
multply with great raptdity m spurum at laboratory temperatute an

soif 51: sample cannot be cultured immeduately st 15 essennal that 1t

should be stored 1n the refuigerator  Even of budding cells are dcmonl-
strated 1 a succession of sputum samples and evidence for an ol
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argm can be discoanted a diagnoss of mondiass of the respuratory
rract 15 not yunfied because ¢t 1 now well established that Candida
speares aze frequently present as secondary tavaders, particulacly m
sufferers from tuberculoss fa a senees of mune surveys mvobvng the
examutation of nearly four thougand samples of sputum from cases
which tubercudosss was known or suspected, the percennage of spea-
mens 1 which Candida was demonstrated ranged from 8 575, 936
percent yrelding © albicans {Skannes, 1947, Table 1§ £f ruberculosss or
other mfection cannot be & d and 1f Xexay

reveals's pubmonary defect, then the repeated sofation of Candids gives
greater justficanon for 3 diaguoss of mondiasts, this opinon may be
supported by serological evidence (e p 70} but it 1s recovery after the
apphcation of thesaptunc measurey agamst monliasts which affords
fwal proof that the disgnosis was corvect

Two types of lung mvolvement by speaies of Candids have been
d hed. T the one, bronchopab ¥ Jrasss of “broncho-
monuiass,” which was first tecogrszed by Castellans abour 1005,
anfection 15 confined to the broncle, m the other, for which the term
“pulmonaty mombhasis” 15 reserved by Conant o ol (1og5), the
pareachyma of the hung 15 nvolved  The fisst 15 the commoner 2nd
mulder of the two  The chaef symptom 15 a congh and, m 1906,
Caseellans duagnosed “tea tasters’ cough” m Ceylon as a form of
bronchomontiass, the mfecnon bewng suoduced an the tea dust
‘which entered the nasa} cavines when the quality of dry tes was tested
by s smell  X-ray exammation usually shows hutde more than a non-
speaafic type of persbronchual thickening 1 contrast to the heavier
Xeray shadows of pulmonary momlians which resemble thase of
broncho-pneumonsa {Conant ¢ at, loc at)

These two categones of monitasis of the lungs are not, however,
uneessally accepted  Shrewsbury (2036) m the bght of an extensive
eaminaon of the occurrence of Candida i cuberculous sputum and
m oral, nasal, and throat swabs from healthy babies and adulzs, whie
recognizng that secondary thrush of the bronchs does occur, eame o
the conclusion that—

A cotied review of the literatare of bronchomomlans dees noe teveal
axy convncing ressons for dhie retenton of the name s mnedical nosology

A frmury. sudependent discse should extubu some dwnacave chnies!

and patholomeal characters, bronch basis exhibizs pone that caanot

bewner b ceferoed 6 saute adker ceongned diseate

Even of this conclusion 1 tather exeseme, » sell Sads supposters,
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who was found after death to have been suffering from a pancreanc
cancer
The recent recog; of the ce of momibasss as 2 secondary
effect following the therap use of annb has focused attention
on the passible effect of compention between the bactertal flora and
Candida 1 Limuting the growth of the latter Harns (1950) drew
attention to the possibility that € alfscans normally present in the bowel
may overgrow and perhaps increase m virulence following the des-
truction of the mtestinal bacternal flora by the action of aureomyan of
chloramphenicol (Chloromyeetin®) and then mvade tissues, the resis-
tance of which may have been lowered by the effects of nboflavin ot
vitamm B complex deficiency  More recently, Woods, Mannung, and
Patterson (1951) have given parnculars of tw enty-five cases of chineal
dasis following the therap use of pemaill ot
chloramphentcol In twenty patents the oropharynx was volved
24~72 houss after successful treatment of a sore throat wath an ant-
biotic. Three of the other cases were 1ntestinal and the remamning two
wete of bronchomontiasis, I witro studies by these authors showed
. . I . 1

e Maceas et on the

nutriment 1n the substeate which allowed the momtasis to aeveiop
1

They also 1y concluded that wath viamn B scemed
to have some therapeunc value
There 1s httle evidence of any daffe 1 pathog;
C afbicans and

between “saprophytic” and “parasiac” wolates of
Rothman cutes an interesting observaton that C albieans from a patient
with monlial granuloma i which the oral mucosa, scalp, face, and
finger nalls were mvolved, caused only the usual and casly cured
superfictal fis d m an mdndual of normal
susceptibility

It should now be clear that the nght mterpretation of fungs found
i sputum or assoctated with pulmonary disorders 15 3 matter for

P d judgs Netther the mycologist nor the chnzctan alone
15 usually m 2 posinion to come to a correct deciston. A mycologst whe
has isolated a potentrally pathogenic fungus 1s as wrong to assume that
28 was present as 2 pnmary pathogen withont full knowledge of the
case as 15 the chimaian to attnbute disease to any fungus which may be
reported as having been wsolated from pathological maternal without

* Regutered trade mark of Messrs. Parke, Davs &Co .
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conudenng the normal distobution of the organsm m question On
the other hand, 1 the opmon of David T Sruth {1926, p 3), “mycane
snfections oceus with sufficiens freguency fo ywtfy thexr bemg con-
sdered 1 the diffecentul diagnons of every dfficult and compheated
pulmonary and systenatic méection "

References

Mycologssts are referred to the mongraphs by Diddens and Lodder
{1942) and Mackinon {1946) for detas of Candida and other yeasts
ot yeast-ltke fung: of medical mtportance and to the paper by Comant
{1950} for the rechmique of sputum examanauon  Useful chmeal
accounts of pulmonary mycoses are given by D T Sawh {1947),
Gorant e of {1945}, aod Almerds and Silva Lacaz (sp42) The
valuable teview of the genus Candide by Shanner (1947) should be
consuleed
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here, as nfection of the foot 15 the pnmary mterest, the condition 1
designated by the ongmal name

The granules 1 Madura foot caused by actmomycetes are usuall
small and may be whate ot yellow (Nocardia madura) o ved (Strepto
myces somaliensss S pelleners) They are entirely composed of fin
raduating hyphae and the penipheral hyphal endings may be club-hke
The actinomyecetes usually assoctated with Madura foot are acrobr
species Thars, they are probably normal members of the flora of th
sotf and decaymg vegetable matter Oc lly 2n bic actino-
mycete 15 mvolved In current usage, actnomycosts 1 its varow
manifestations 1s the discase esused by anaerobic species which are only
found 1 associanon with hving organsms  Some authors woul

TasLe V
REPRESENTATIVE ORGANISMS CAUSING “MADURA FOOT
Ongantsms Geographical Destribut ot Colowr of Cre
ACTINOMYCETES

Actnomycoses (Chalmers sud Aschibald) Myectomas (Panoy)
Actmomycetacesc (anaerobic)

At nomyces
A ssroeh Branl and elsewhere yellowsh
Nocarduceae (aerobic)
Yerrow Geamy Myceromas
Nocard a
N asterotdes Eppunger) Blanckard  Europe Brasil, Argeotms  yellow
Phikppines
N bah ensis da Sdva yellow
N ¢onvoluta Chalmens and Christo~ Sudan (Rhartoum) orange
herson
N adurse (Vincent) Blanchard Afinca (Abyssa Algens white
Egypt Semegal Soma
Land) Americs (Cuba
Argentna) Asa(India)

‘Europe (Cyprus Greece)
N mex cana (Boyd and Cutchford) Ota US.A. (Lot Aogeley)  white-yellowsh
N poncets Verdun yeﬂ;;
N fransvalensss P jper and Pullinges 5. Afaca wh
Streptomycetaceae (acrobic)

Rep Gramv Myceromas
Strepromyces
S afficams (Pyper and Pullinges) Wiks S Afnca
He

§ et Qavec) Wik aod Hen By Seoegl Tnds red
{4
8 Vsl ensis (Brumpt) Waks and Somalland, Sudin C. reddh-yellow
Henna Afnca

red



“MADURA FOOT" AND CHROMOBLASTOMYCOSIS 41

TABLE V—{eonsd)
Organioms Geoprapheal Dusmbuton Coloy of Cram
FUNGI (MPERFECTI
Madaromaycoses (Chalimess and Archubald), Trae Myceromat (Punog)
Moalzles
Brack Grav Mycaromas

Cleraepérs
G slupien Cataney black
C. khartoumenns Chalmers and Accbi Sudzn black
il
G semtoms Chalmers and Archibald  France {* Indun solder”)  black
Muduselfs
M Mm:l’lﬂ qu)d US A black
M boyos B black
34 gooee Mavmton, FerradaeUeois, sz\ny. Argranna Black
4nd Montemayor
el Comed usa black
M lackawgna Habnen and Zurete bhack
M mysetom Brampe Aﬂ)m, Seucgal, Brazill  Black
ar aspaiin Edrea Brand &
M ravired da Sites Del Bluk
M tabarka¢ Blanc and Beun. black
M tozeun (Nucolle 2ad Baoy) Pinay T\w: black
Pererlium
P mpetogenum Moreth and Negn Tl Black
Phialaphors

P jeariselmes (Langeron) Eramons Martmque U S A (hand) black

Wurs Gaaly MYcaromas

Apergiius

A bonferds Drummpe whits

A dulans (Exdamm) Wonter usa white

A mibidens var wieallel Pinay Tuae white
Cephatosparsem

& fllfrme Cainon Puerto Ruco whoe

€ reeer Lea and Lobo Braud Yellow-whuee

Indilta

1 brumpt da Siex Braxt w!

1 mansant Brampt Native of fds and 2 white

Chunaman

1 repmien Brompe France, Gresce wha
Monesponims

M aplorpermum Taly Algers, Brazl  whis

(u&fftﬂ mre e(AIImeru Bepdn  USAL

(Pata fom Gammel {1927), Mackonon Ferrada, and Montemayor {t949) pr)

. e e .
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to treatment Qcher disease complexes differ from mondhal paronychu
m that the response to treatment 15 condsioned by the pathogen
wvolved. Tuea capis i eholdren caused by Miaosporum cams, for
example, has 3 more favourable prognosis than the sumbir condinon
caused by M audoumna (sez p 13) and tinea pedis eawsed by Tnchophyton
rubrum 15 usually more wtractable than that caused by T wterdintale
As ﬁ: as 13 known, both Madura foot and chromoblastomycons
le p haa an that mée by different fungi give nise to 2
well-defined clinteal pictuce and call for like treatment The most
snteresting etologreal dufference between these two conditions 18 that
whalst chromablastomiycosts 1s caused by 2 small group of refated fongs,
several axonomucally unrelated groups of related fung: (see Table V)
are responsible for Madura foot
Most pathogenic fengs ate myeelsal n culiure In the parsune state
three rather different types of growth may be distgushed The
paraute may produce mycchum frecly as when the oster layers of
the sk become nddled with the mycchum of a dermatophyse
Semtdarly, the pseudomycelium of Candids may at tumes grow freely
1o the uswues of the takesuat wall ar of the tonals, when, as for some
dermatophytes, this mvasive mycelinm causes Letle Jocal reaction by
the tissues Usually the parasiac growth 15 more resteicted whea the
pathogen appears 5 non-mycchal umts oc small groups of cells or the
myeehal growth may develop as granules withuin mycetomas 25 m
Madura foor It may be noted that the two examples of parautic
myeehal growth ated are both of endogenous pathogens, that 1s of
funge normally found associted only weth ammals and well adapted
for parasitic exatence  ‘The mare restricted type of growth 1s typical
of exop patkopens for W P even w fung only
known assocuated with disease, 1 posubly only madental  The ua-
cellular parasstic habut 15 often characterzed by yeast-bke budding eells
These are dealt with 1 more desail m the next chaptes {see p 53} Here
the mycetoma will be bnefly considered
Snce Carter's tune, the mycotic granules of Madusa foot huve beet
often compared with the sclerotia which are 2 common feature of many
different fungt This analogy cannot be muntamed, {or although the
resemblance of a granule from a black grain mycetoma toa sclesopum
may be sinkug the sumdanty 15 only superficnd A selerotiam s 2
hard compacted mass of pl 1 ssue, usually dack i colour,
and from a mmllmetee or se to mere than 2§ om m dumeter (e
Fig 7) Intemally theres wsually a differentution mto 2 central regron,
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10 whch 1t may or may not be powble to distmgiush the conststuent
hyphal clements, and 4 cortex ;)f uadumv.;mc cells of rzhz:h :hc
o PR "

producedat the exp f the reserve i fated withm the
sclerotum A granule from Madura foot contams no speaal reserve
matesuals, 1 does not give tise to frutng strucrures, and 3t 15 not 3
development from a colony It 15 1 fact a whole calony and 2 closer
analogy would be to sphencal mould colomes which develop sub-
merged 1wy 2 sobid medium or i shaken hquid culearcs

Most, but not all, fungs when grown 1 a swtably aerated, bauid-
culeure medium, which s kept n constant monon on a shaking
smachsne, develop as more or less spherical colomes The size of the
colony, 1ts colour, and ats general morphology are often chasactenstic
for the spectes (see Burkholder and Minnott, 1945) and when the mremal
structure 35 efucdated b pical the raduting

g and definire zoning of the hypha!

consutuents recall 2 Maduea foot granule  Most moulds are not
sennave to gravity and the disc-hke surface growth 1 a stationary
culture 1 deternuned by the undaterst cffects of the nutrnonal
graduents and the aesation The development of 4 granule of 2 patho-
geme fungus in nssne maght be mercly the result of growth in a une-
form three-d ) Such a bypoth d explan
the development of a granule m a pocket of pus bat 1t would hardly
suffice when the mmmediate environment 1 hving tssues and the
club-like endings to the perpheral hyphae of 2n a
granule probably sndicate 2 host-ps Iacus
1 13 nteresting to note that m an expenmental shaken culture, whilst
the mechameal effect of ane colony rubbng agamnst another 15 posubly
a factor 1n determunng the morphology, the tips of the peripheral
byphae arc undifferenmated, and on  colony cormg 1o 1est they grow
out eadrally

Attention bas already been drawn to the simdanty between 2n
actnomycotic granule from Madura foot and one from a lesion of
actnemycosts (Actnomyces 1sraek) (Plate VI (2, 3)) The fungos
granvle of Madura foot also has sts counterpact 1 Aspergillies fimgatues
nfection of the Jung m which the parasite may develop as 2 compact
growth of radistng hyphae with deeply stamong nps Both Henna

Y
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{1940} and Almeida (1046} have dr i
development of b or e zttcm:)c 7 to matances of the
hori f o “'sﬂiidao‘f dmn?::f;;::;d‘k'fo;m o!f a number of
P L mmitss,
and Par;codmdmdes bravhensis m which the normal celf bacor:;‘:;
susrounded by 2 mucroscopic frnge of radisting processes The most
probable explananon of these abnormal outgrawvths 1s that th o
defence reaction of the fungus to the host aad Henno {1940} d.tuycz: (;
:;: CP:SSM; beanngs o;l this phenomenon of the swo phases of t)cm
on of experimental anumals by 4

f; 18 the develop of i Jfll_lm"gn:tgm'f;l: Tﬁxﬂ c:f
the hd;:y. after 2 week to ten days the Jesions bc;ami czscius,
xlx;:::ic C{g;cni :5:::“1“2 and may fine to form guant cells, and so the
leuon becames cor werted inso Aaﬁ tc\:bcrd: ,,h: d‘;‘cc abc:ss‘thc n;)ycthum
pale and acdophibic, rauch of 1t d grates but some grows o;c::u:
as the pecubiar acunomycetord form At seven to ten days the sk
becomes hyp to the pathogen and Henncr mterprets the
:.:)u:::zc::md form as the result of an ceraction of the parasite with

4 11013

Carnon and Silva {in Nickerson, 1947) figure short germ wbes from
the cells of Phialophora speaes in ;muc but the rczsoxgx for the lack of
mycelal devel mch b 38 ank {fr mught
be nteresung to compare the growth of the causal agents of Maduza
foot and chromoblastornycosts m shaken culture) The rexson for
the success of these speaes a3 pathopens 1 also obscure  Sapsophyne
growth m st or on plant debas from which the fungt could be
ntraduced 1o a traumanic Jesion on the foot would appear to be 2
prerequisite but why some and not other fungs are constaatly associat
with these cond 1 sull unk The physiwlogeal studies of
fungt from Madura font have sa fac provided 5o clue Some speeies
of Madurella cavsing black gram mycetomas have an opumum tem-
pesature for growth m the naghbourhood of 37°C but for M gnscs
the optinurm 15 30°C and for other fungs s 23 low a5 25°C. It may be
that the abiity to make growth under unfavousable condions 13 of
greater importance than 15 the ability to make optimum growth undes
conditions prevaing in the hving host

References
"The hteratuce of Madura foos s extensive snd confused sud dhe
discase badly needs monographuc treatment. The papers by Gammel
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(1927), Chalmers and Archibald (1916), and Musgrave and Clegg
(1907) all have long bibliographues, whlst the 1mportant paper by
Brumpt (1906) must stdl be consulted. Mackinnon, Ferradz, and
Montemayor (1949) have recently dealt wath the black maduromycoses
of South Amenea

The papers by Carnion {particularly Carrion and Silva i Nickerson,
1947 and Carnon, 1950) should be consulted for detals of
chromoblastomycosis



CRHAPTER ¥V

SYSTEMIC MYCOSES
The Problems of Dimorphusms and the Source of Infections

Tz topres dealt with m this chapter are dlustrated by a consideration
of six rmportant systeruc mycoses and, as a background for smore
detaded discussion, the generaf charactersnes of these dseases are first
summarized

Coceidioidomycosis (Cocadiondes smmypis), which has a focus m the
watm anid regions of the United States, was first described in Argentina
1 1892 by Posadas and Wermucke who attnibured the disease 1o 2
protozoan  Four years later Ruxford and Gilchns described twa cases
1 Southemn Caltfornia and proposed the name Cocerordzs s for
the pathogen whach was cultured and proved to be 2 fungus by thewr
fellow countrymen Ophuls and Moffit 1n 1900 The eurly cases, m
which mortality was hugh, showed grear climeal diversity, the lungs,
bones, skin and subcutancous tissucs, aod the central pervous system
bewg vattously mvolved In 1937, however, evidence was obtamed
that 2 muld respuratory diseasc provafont w the same aca snd known 2s
“Valley fever” (afier the San Joaqun Valley, Calfornsa), “desert
sheumatism,” or *'the bumps” was the pumary form of cocadiosds!
I3 as cocadodony was then called,  Subsequent
mvestigaton showed that only 2bout 02 per cont of cases of the
prmary form n white males (and 3§ per cent 1n negroes) develog o
disserniated mfections  {See Emumons, 1942, Emmons m Nickerson,

;‘947)' i 44 f2 Y 15 o Hy a disease of
the central nervous system although the lungs, and Jess frequendy the
skm {see Cawley, Grekin, and Curtts, 1930), may aho be mvolved
Most frequentdy the disease takes the form of 2 memngats or menwgo-
encephalits, when 1t can easdy be confused with tuberculas and other
farms of subacute chrome mensgits There ate published records
of about 150 cases from alf parts of the world and the frequency wath
which the diagnosis has beent made after death suggess that the disease
has a hughes madence sthag these tecords indscate I any weatmens.
favourably influences the course of toruloss 1t s unknown! accordmg
4
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to Cox and Tolhurst (1946) whose monograph and the review by
Lodder and De Mmyjer {m Nickerson 1947) may be consulted for
further detals
Sporotrschosis (Sporotrickum schenckt) which has recently been
xm:w:d by Noxden (1951) 1 wxd:\y d:sm\:ut:d Unhkc the wwo
ad fums
A N

< ’ - =
forearm (Plate VT (3)} and this 1s followed by a succession of gummata
cach similar to the prmary lesion at mtervals along a thickened
Iymphatic vessel Sporotrichoss 1 rarcly fatal and responds well to
sodide therapy
North A Bl (nl de dis) ThIS
disease as sts name implies 1s endemic to North Amencs where 1t 15
most prevalent n the eastern half of the United States Two chnscal
patterns ate extubited systemic and cutaneous and the granulomatous
Iesrons of the latter tately give mise to the dissernated form m which
mfection of the bones particularly the vertebrae and nibs 15 common
Systemtc blastomycosis 15 usually fatal whalst vntreated cutaneous
Iesions may persist for many years Pramaty pulmonary mfections
aze common and are hable to be mustaken for tuberculosis

{Histopl. latum) Like Cocad odes 1mm tis
H stoplaswna capsulatum was first r.hough: to be a protozoan by Darlng
‘who desenibed three fatal cases 1n Panama i 1905-06  The next record
was from Minnesota twenty years later since when many more cases
have been encountered 1 the Unted States where histoplasmosts 1s
probably endemic and occasionally m the British Jsles and other parts
of the world  The fumgus mvades the reticulo-cndothelsal system and
f@ves e to fcvcx cwacation anemua and leucopenas which are ofien
d and ul The prognosis is grave,

Death ﬁcq\nently tesults fxom vm}un a few weceks to under a year
although the discase may take 2 prolonged chromic ¢ourse and spon~
taneous recovery has been recorded

It should, however be mentioned that recent surveys have revealed
many persons 1 certam parts of the Unted States who while showing
healed pulmonary lesions give 1o reaction to the tuberculm test but
ate hustoplasmn senanve {see p 72)  This suggests that histoplasmosis
exsts ut ant antrecogrured pecttaps subclmenl forn sa chese aveas
South Amencan Blastomycous (Paracocnd oides brasthensss) 15
tirauted to South Amenca and 15 particularly prevalent i the state of
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3-4t 10 diameter on hyphac near sepra and slightly larger, (4
sphencal to pynform on laerally developed cimd’x’ophgxcs (40%2
cultures show numerous chlamydospores 7-12p 10 diameter  Expeni-
mental mfection of ammals effected by moculation with the mycehal
growth results m a return to the yeast phase A prmary culture
at first tends to be yeast-ike and the yeast phase may be mduced
at will 1 vitro by growmng the fingus on blood agar or nutrient
glucose-agar at 37°C By this means, thick-walled budding cells
indistmgusshable from those of the parasiic phase result Stmularly,
by modifymg the environment Lutz and Splendore 1 1908 nduced
the yeast phase of S schencks in vitrs by growth on sspissated human
serum  Since then other meda such as Francss’ glucose cystine agar
or bram-heart infusion agar have been shown to be equally sutsble
provided b p 1s raised to 37°C  The yeast
form 13 also pathogentc for susceptible ammals and 15 usually the most
fum for ! purposes

P
Kl N Ol

wits Mot v e o n o
guishable from B e dis when diagnosts 1s dependent on
cultural studses but 1if multiple buds are observed a diagnosis can be
made, for these structures are unknown elsewhere m ywo  In section,
the spherical parent cell first shows munute dot-like projections from the
penphery These increase i size and are finally pmched off so as to he
frec 1 the tissuc surrounding the mother cell which frequently collapses
In culture at la y temp on Sab d's agar growth 13
slow and 2 rather glabrous colony shawmg tufts of white aenal myce-
lum resuls Dowding has drawn attention to the tendency for the
lum to grow as three-d 1 network and she designates

the small termunal or mtercalary conidia (1-44¢ diameter} muerocorudia
At 37°C on nutreent glucose agar the growth form s that of a multiple
budding yeast In some strams the budding cells tend to remain massed
together (as m P cerebrforme) while tn others they break apart to give
2 Commustract form  If a secics of sections be eut through 2 mulupl:r
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which sometimes exfubit budding, In culture on Sabouraud's agar at
D S R AV I SRR U |

On blood agar at 37°C the mast and yeast-like growth 1s composed
of tmall budding cells hike those seen m anumal wssue  Receny,
Dowding observed that n the expenimental mycehumeyeast trans«
formauon the tubereulations of the large tick-walled spores mcrease
n 31ze and are budded off n 2 sumilar manner to the multple buds of
P. brasiliensis She thevefore mterprets the tuberculated spore of Histo-
plasma and the muluple budding cell of Paracocodiondes as being
homologots, and regards them both as macrocondia and the buds as
secondary conidia, the smaller comdia produced m culture bemg
microcomdia Brandt (1950} states that when spores of Histoplasta
are mjected into an expenmental anmal, endogenously formed yeast
cells are hberated into the tissues, that 1, the spore functions as a
sporangwum  Such a development has not been observed by Dowding
who has stated (1951, 1n hitt) that m her hands Feulgen stam reveals
nucler 1n the sposes but not 1n the spore tuberculanons and that ths,
together with the buzarre shapes the tuberculations sometimes take,
supgests that they may be muctlaginous exudations  She stll, however,
believes that gaven the nght conditions, the tuberculations become
yeast eells The relationships of the growth forms of these fungs are
llustrated n Fig 3

The of d husm 15 2 matter for specul The
yeast-like, or nou-myc:hzl fotm 15 charactenstic of the parasitic phase
and the suggestion has been made by Duncan (1948) that this habst may
be 2 special adaptanon for parasiasm 1 50, the ease with which the
transformation from a szpmphyuc t02 y:munc modc oi hfe 8 cﬂ‘:cted

S e ape sy fra ser

|I‘ - B e
man Lhm 15 suyyosed or r.hcrc may be an ammal reservorr, which for

and h 15 not unbikely (see below)
Alm & may benoted, Hmop!qsma Jarcumsnosurs, which causes cpitoone
{ymp 1n horses, 15 3 dumorphic fungus and that d 1
common among thtomogenous fungr of the Enmmophr.hcﬂ!:s
Alternauvely, dimorphusm may be an imherent character of certun




SAPROPHYTIC  PHASE PARASITIC
25e¢C 37

o¢ PHASE
m =

Coccrdiardes
mmitls

008, @@

<o)

Cryptococcus d

neofofmans
4 )

o 2

Z, 0 r I 7

L Sad 4 o N

g0 S

e Sporotrichum 9
cki

38
LooaQ 03

h
Blastomuyces 1
dermatitidis
o n°
so0 ¢
o os 4
do
0dfo
Histoplasma  { m
capsulatum
0,
o5
n Mo p

Fic 3 DmMORPRISM



SYSTEMIC MYCOSES ss

fung), a hypothesss m line wath the generally accepted wiew that
filamentous forms have been denved from umeeliufar ancestors and
one which can be supported by expenmental evidence A typaal
mycehal fungus such as the common saptophyte Mucor racemosus 1f
grown submerged m sugar solutton forms chams of buddmg cells and
hke brcwe: s yeast, gives mise to dcnhol Plznt Pa!hogemc fungy such

[P D

brooms na number of| Tugher plants Addmonz! cvidence s fonh:nm—
g from the recent by on the of
the mycclial-yeast conversion  That author believes the formanon of
filamentous elements from a yeast cell to be due to the selecuve
ihibition of growth {which he defines as an wrreversble erease m
volume), and expenmental evidence mdicates that for Candida
compounds such as cysteme and glutathione, which contan sulphydral
{-SH} groups promote cell division and hence suppress mycelum
formation, whalst cobaltous 1ons by the inhabition of cell division have
the feverse e&'ect (Nlckcxson 1948) In Blastomyres dermatitidis and
the appear to be dependent

on tempetature of mcubation only (Nickerson and Edwards, 1946)
while Salvin (1947b) found that 1 Sporotrichun schencks the maximum
quanaty of budding cells (and accasional multiple budding) and the
of Tum required 2 temp of 37°C, © 15-0 2 per

centagar, pH 8 2, and an increase of carbon dioxde tension to between
60 and 80 per cent. Such cv:dcnce s l}xx.s appears favour the view
that d hism 13 3 wndely among fung:
and that 1t 15 not pecular to fungt ammg systemic mycoses in man.
As for granule formanon 1 mycctoma which was discussed 1n the

Kerto Fic 3

-~ e - N

.
eelis of parasy .f )
Bladomyers demtisd s Myeclal ) and yeue () phasincluseJ yeast
gelt of i ghuse e dokle comourd wal.
Hidsplama copnlater. b, maceo- a0d micro-comdia 1 wiberelacons of
nm giyag e to buddmng cel (lfh:r Dowdng 1941

e budding
(Budding

3T 304}
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preceding chapter, widely differing fungt are potentully dimorphc
(1t would be mterestng to ascertun whether the saprophync species
of Sporotrichum, for example, possess this abihty) and those able to
function as pathogens are those which i addition are able to tolerate
the condittons prevailing 1 the animal body

Source of Infection

As peviously noted (p 5), mycoses may have an endogenous or an
exogenous ongin. In exogenous diseases the nfection may be denved
from another man, from an ammal, or from some other source. All
the systemic mycoses under consideratton are beheved to be exogenous
and there 1s no evidence that they are normally contracted from human
sources

In "Table VI the inadence of these diseases 1s summarized accordmg
t0 age, sex, and occupation This tabulation suggests that men are
more often attacked than women, perhaps because men are more
frequently exposed to the hazard of imfection  Another suggestive
relanonshup 15 the frequency of sporotrichosts among those engaged m
agriculture and horticulture and as m this disease the pamary lesion 15
usually on the hand or forearm and can be traced to myury by a thom
or other plant matenal, strong clues to the normal habitat of the
pathogen are provided

h

10n to the epidemology

Avery g p gy of sp
was made by Mackunon (1949) who was able to ascertain the date of
mfection i 32 of a seres of 46 cases of sporotrichosis which he studied
1 Uruguay between 1939 and 1948 Twency-sxx‘pancms were found
M L S N A ke )

pathogen on 1ts natural habitat was promoted and the chance of mtec-
tion mereased  An exarunation of the weather records of pertods
when epid fe occurred d that a relative humdity

- u w taremnn 4 ea aF 1620°C unth 1O

Mackinnon claims to have forecast the small epidemic outbreak ot tive
cases which occurred mn April, 1947

Another speaes of Sporotrichum, § poae, causes bud rot m carnavors
and silver top disease 1n June grass, and Benham and Keston (1932)
showed that § schenels, also 15 pathogenic for plants These workers
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successfully infected carnation buds, a Iving rose bud, and detached
thorns and berres of the barberey with 8 schencks  Posterve results were
also obtained 1n carnation with other species of Sporotrichum from man,
with § poae, and with an ssolate of § purtnosum from soil The patho-
gensaty of S schencks for rats was shown to be unaffected by pastage
through carnation and whlst rats were successfully mfected wath §
punmosim, S poae proved to be non-pathogenic for these amimals

An outbreak of sporatrichosts m the gold munes of the Transvaal
dunng 1941-43 provides one of the most spectacular outbreaks of
mycotic disease ever recorded In 2 hittle more than two years there
were 2,82 cases of sparatnichoys among muners at the Ventersport and
the Consolidated Main Reef munes (see Sporotnchosis, ,1947) Stxty
per cent of the lesions occurred on the hands and atms  The soutce of
nfectton was traced to a saprophytic growth of the fungus on wooden
mune props and the eprdemic was :hcckcg by spraying the props with

- ol T e Al R GV

and extremely wet It may also be noted that the maximum merdence
at the Ventersport mine was duning January ?nd ]v'hx"ch, the months of

- 3
chlamydospores and the p?m of entry 15 usually the lungs  In endemic
areas 1ts incidence 15 most noticeable among mugrant or newly-
resident adults and among children of school age, and there 1s 2 matked
associatton of cases of the discase and previous exposure to dust storms
and agncultural dust  The seasonal madence of cocardiordomycosts
15 the reverse of that of sporotnchosis It s ighest in Californua dunag
the dry months of June to September and falls when the autumn rams
begm  The madence among troops stationed m the San Joa;]\;:n
Valley was reduced by one thrd to a half by grassing arrfields and by
spraying athletic grounds with mneral oil {Smath, Beard, Roscnbcxgc:l,
and Whinng, 1046) These facts would appear to implicate the sod
and Cocardiordes smmstis has been 1solated from soil 1 California an
Anzona on several occasions In one small outbreak mvolving seven
of fourteen university students who made a field trip to the Sz:lxjcaz
qun valley proof that the mfection ongnated from soil was almost
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conclusive  All the seven students who contracted the dscase, and two
others who had apparently been immuruzed by a previous infection,
were subjected to a very heavy dust exposure when digging out 2
rattlesnake which had entered a ground squurrel’s hole and subsequently
C tmmitis was 1solated from soil collected at the site of the nadent
(Davis, Smuth and Smuth, 1942) 'The ecological zelationshup of the
fungus to the soil 13, however, far from clear The nutntional requure-
ments of C immtis are not exacang (sce p 6) and 1f 1t was a common
saprophyte on plant debnis ats very restricted geographical distribution
would be difficult to explan A possible explanation of the localizaton
of the disease would be an association with an ammal host of kmited
distbution  Infected sheep cattle, and dogs have been reported 1n
endemc areas but the sporadic inadence suggests that these animals,
like man, are only acadentally mfected and do not constitute a reser-
P " . - Tt . e

found that 80 per cent of the pocket mice (Perognathus spp) had a
pulmonary mycosts due to one or both of two fungr, C mmitis and
the related Haplosp parvum In 124 sp of P

C 1mmitss was found 1 19 and H parvum 1 95 The kangacoo rat
{Drpodorsys merrsams) and the Harns ground squurrel (Crtellus harnss)
were also frequently found to be mfected On the other hand the
white-footed mouse (Peromyseus eremscus) whuch 1s more abundant than
the pocket mouse, and the grasshopper mouse (Onyehomys spp ) were
tarcly mfected although living m burrows adjacent to pocket nuce and
mspite of the fact that Peromyseus 1s very susceptible to a fatal mfection
under experimental conditions The evidence mndicated that the
wmfection of these rodents 15 a chronic disease which has probably Little
cffect on the population and Emmons comes to the tentative conclusion
that the presence of C immutis m soil 15 due to contamunation from
mfected rodents and that 1t 15 the dustnbution of appropruate species
which Lrmits the dumbunon of cocadnmdomycos:s

Tt Yo

the same fungus m the beaver (Castor canadensis) (Enckson 1949)
The natural habatats of the pathogens causing the other four diseases

are unknown and the data on the madence of these mycoses grves

ede help  Cryptococeus meoformans was ongwally 1solated by Sanfelice
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1n 1893 from the surface and jwce ofa peach and found 1o be pathogene
for gunea~psgs Klewn 1 1901 1solated the fungus from mulk but there
15 10 evidence of man contracung infection from such sources

Naturally-infected ammals have been found, but here agan there
no evidence that these infe are of any i m the
epidemology of human tocdlosss Yeasts very umifar to € seoformans
are commonly fonod assocated wath man and some, such a5 Tonie
Iopsss glabrata, have bees ssolated only from human sources bt Beaham
{1935) tn 3n extenstve series of animal moculstson expertments found
the pathogensaity of all but C meoformans to be very doubtfif &
would appese that the non-myeehal yeasts from the pome of iew of
pathogematy, are 2 parallel stncs 1o the myoehal yeasts i which the
factors which determune whether 2 normally saprophytic fungus
becomes pathogente are unknown

South A Bl y

® hordes Brasshiensu shows
costain o5 10 dirdomycoss m symp logy (the
two discases have been at tmes confused), i beng geagraphucally
Iocalized, and w having a bigh madence among manual abourers bat
o ammal mifsctions have been recorded and the source of mfection xs
unknowts Notth Amerscan blastomycons (Blastomyces dis) 1s
exceptional m that there are 2 few imstances of spread by contagion
from one individual to another, but this » very race Naweally-
1mfected dogs have been noted but these infections were probably only
madental In the only Bnissh esmple of this disease, n a man who
was a wood-choppes by occupation she prtmary lesion swas of the nasl
fold aud systenite ifection secondary (Powhing and Ellsworthy, 1925)
Thes suggested that the sfeeron mught have been detived fram wooden
packing cases of imported Amsemcan motor-cass swce Stober (124} n
the Unsted States, 1n sddinan to obtamng a profise growth of B
dermantidis on bread, devenbed and figured from the woodes walls of
the house of one patient, a fungus which showed mucrascopical and
cultural bl 10 the bt yeoss patt

The evidence for an arumal reservor for hastoplasmass 18 shahtly
stronger for there ace 2 number of records of thus disease n dogs Ina
recent test an the Urmsted States of 1,31¢ dogs wach Justoplasmun seven
gave 2 posnve skin seamon and i four of these dog‘s. lustoplasmosss
was conficmed by cultural and microscopie meshods (Cofe, Prior and
Saslaw, 1950} Emmons, Bell and Olen (1947) made a survey of \hat
sodent population 15 2 rutal distrsce of Virgunua wheze four buman 2o
theee canune cases had been reported and o the xesults were not 50

14,
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spectacular as those of the rodent survey m connexion with coca-
diodomycosts they were at least suggestive, for Histoplasma eapsu-
latins was 1solated from one mouse (Mrs musculis) and ten rats (Ratrus
norvegicus) 1 a collection of 1,620 ansmals

Raftery (1951) records finding organisms morphologically identified
as Histoplasma copsulatums 10 more than 10 per cent of 436 appendixes
surgically removed from children aged 16 and under dunng a ten year
peniod and 1n a recent ease the 1solation of H capsulation 1n culture
MO!! of the children were :uﬂ'cnng ftom o undlzgnoscd :hmmc

d there wasan tugh
assocuated with the mfecuions  The huigh mudcncc of the discase
Cal e em LM ? st oYM Llie da £ . o L.
lorfi 1 mdividuals who are tuberculin negative but histo-

plasmun positve suggests that man 15 exposed to a more general
source of mfection  Thus, s for cocaidiosdomycosts, may be dust snce
H capsulatum has been wsolated from soil samples from Virgmia
{Emmons, 1949) and Tennessee (Ajello and Zeidberg, 1951) Expen-
menta] moculation of liboratory ammals ysually tesults i transient
granulomata Do pulmonary calaficatrons mdicate a paralle] 1 man?
Ic 13 possible that for toruloss, and perhaps histoplasmosss, as for
mumhzus {see p 33) mfection 15 mﬂucnccd by metabolic and other
1 the host. App 10 pee cent of torulosis

menmgitss eascs have been assocrated with Hodghan's disease and Caw-
ley and Curtis (1948) have recorded four cases of histoplasmosis
assoqated with lymphoblastoma (two with Hodghin's disease, two

wath lymphanc levkemia)  Such may be only acadental
bur of ugmﬁant they may cventually thw hight on the reasons for
the inadental p of an natura hyte such as

PP prop.

C nesformans



CHAFTER Vi

SEROLOGY OF PATHOGENIC FUNGI
A Problem of Dyagnosts

IMMUNITY ot ressstance shown by an organtsm to mfection by a patho-
gen may be euther natural, that 55, an mherent character of cach normal
ndwvidual, or arqrured, by chance o by design - Natural smmumty to
fungal attack 15 wadespread among both plants and ammals  Acquired
mmmunity, on the other hand, 15 extubited only by anmals and so
among mycologists only medical mycologuts are usually fumibae
with the serological techmgques used for the g of thus
phenomenon  The theorencal aspects of scrology are complex and
the tecrmnology esotenc but the underlymg princrples necessary for an
understanding of the present chapter may be brefly outlmed
Acquired smmusuty 1s dependent on the presence n the blood serum
of substances detrmental to the smvading organssm, Sueh substances
may resalt from an acadental mfecton {1¢ an artack of the diseasc)
or they may be acqured artificaally by the use of vacanes consutmg
of a sub-lethal dose of the pathogen, the dead pathogen, or products
of the pathogen{ actve v} or by the mtrod: of immune
serum { passive smemunsty’)  Active immuruty may last for bfe, and
when ‘artficat’ 15 nocmally a prophylactic treatment. Pasmve
1msmuraty 1 of shor ter duration and 18 more often of therapeunc value
The special substances present i smmume scrum ase called antibodies
and they result from the parenteral mtroductron into the zmmal body
of other substances known as anfigens  An essennal character of an
antigen 15 that st reacts 1 some observable way wath the antbody
1o which 1t gives rise When an anugen, such as s suspension of
fungus spares, 1 mexed with serum contamng the appropnate anti-
bodies (the antiserwm) there may be agglutmation of the spores and the
dilutzons at whicks thus reaction takes place 15 used to measuze the utre
{antibod ) of the Stonlasly, mixig a non-
‘partcalate armygen wth i srserem myy ressl m the formaven of s
prcApr'Lﬂc ! bods
dycreacnon, the

and precip dependona
mteraction I lysts, snother common znugcwnnbc
(2]
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dissolutzon of the cells 15 dependent also on the presence of a thermola-
bile, non-specific substance or complex of substances present 1n the
normal blood serum of all higher anumals and known as complement.
For example, the lysis of red cells of sheep’s blood (the antigen) by
sheep red-cell-immune serum (which contams the annbody) takes
place only m the presence of complement, that 15, mn the presence of
blood serum but not m the presence of serum which has been heated
to $6°C for 30 minutes to destroy the complement
A genenal property of antigens after reactig (or bewng “sensitized”)
wath their specific antibodues 15 an ability to “fix” complement and
this abulity 15 used as the basis of the sensitive complement fixation test for
the detection of antigen-antibody reaction In thus test the antigen,
anubody (antiscrum, after heating to remove complement), and
complement (usually gumea-prg blood serum) are muxed and after
2 suttable mterval red blood cells and haemolysin (red-cell-tmumune
serum) added I antigen and anubody have reacted and complement
fixaton has occurred there 1s no change, if there has been no antigen-
antbody reaction, lysis of the red cells results
The mtroduction of an antigen 1nto an animal and the development
of antibodies may result in the animal becoming hypersensitive to the
anngen I, for example, ten days or so after a gumea-pig has been
myected with cgg albumin a second, and much smaller, mjection of
the same protein 1s made, death may result Usually, allergie seactions
are less severe and give rise to conditions such as asthma and hay-fever
{see Chapter VII} o to the localized reactions which form the basis of
skin testng It must be emphasized that speafic dermal sensitiity
(such as that to trchophytm, histoplasmun, etc, see below) 15 not
related to arculating antrtbodies and can be passively transferred to 2
non-sensirve subject only by skin-grafing
A G X A A

- . ¢ Lo
Com
fully understood

Before considenng the use of serological methods for the detection
of mycotic infections 1n man, attention must be drawn to the fact that
a fungus 15 not a sgle antigen and so the antiserum prepared against
ay yar;.\mln' fungus wall contan a mm:bcx of dfff-em‘ antibodies,
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aheterolog the antibodses for whicht has the appropriate
antigens and then testng the treated annserum agamst the fangus for
swiuch 1133 the homologausantiserum, the presenceof anngenscommon
to the two orgamsms can be detected and by approprute techmique
the degree of anngeme smibanty can be given a quantstatve value
This method of crosvabiorption has been used by mycologists to
obtan evidence on whith 1o base phylogenene speedlations, the
presence of antigens in coramon bemg gencrally acoepted s indicutng
3 fundamental selatronshup

Trichophytin

Dunng the fist decade of the present century the Swass worker
Bloch found that guncaspigs, after secovery from an expenmenta
sfectron with erther Trichophyton pnnceamim or T mentagrophptes,
svere smmune for as Jong 28 3 year and a half to renfection by the same
fungus  He found that this imraunty, which was correlated with 2
hypersennwviry of the sk, cauld be induced only by eutancous

i} , sub or p 1 anpection of the hving
fungus or an extract of the fungus did not gave re to mmumty or
to skin sensitvity.  Purther, Bloch senatized hemself by moculanon
with T guinckeanent and then grafied a prece of bus skan and a prece of
skin from a non-senstuzed person over an uleer on the leg of 3 third
subject. Subsequent testng wath a Trchophyfon extract gave a ponnve
reacnon on the sk wken from Block but not on the shin of the
control graft or on the skin of the panent.

Tt was Neusser and Plato i 1902 who first made an extract of 2 rng-
wornt fangas, which they designated “trnchophytin” and whick on
wmtroduction mto a panent sufferng from rmgworm caused 2 Jocad
erythematous response around the sute of the mjection and a generalraed
reacuon pared by a nse 1 teatp Bloch found chat the
cutaneous response to trichophytin appeared a week or so after tufee-
taon, an obsetvation smee confirmied by others who have shown that
the skan sensstaviey 15 somensnes setamed for many yc;rs

A P

pis 1o 88 precy an ip
fixang antibodies 1 tingworm mfecnons have faded  This may be due
4 toshreal teasoms, 2s Conant ef af (1945) suggest, but 1t may be that
25 the mfection 1 superficial the body cells do not produce detectable
amounts of anubodics m the blood
Sken sensittvsty 3¢ thus the only smmunological response fo mfcfnal)!
whichcanbeehiasted Th Hecrmay resul flysng
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signs 1 some mfected persons, a condwwon first noted by Jadssohn
m 1911 who described follicular eruptions m patients wuh kcnon
These eruptions or e hytids, which are
as tnchophytids and xrucrosponds according to the genus of the derma-
tophyte mvolved, occur on the body, the feet and legs, and, most
frequently, the hands, and they disappear spontancously on the elumna-
tion of the primary fungus infection. It 1s unusual for a fungus to be
wolated from a dermatophytd which 15 commonly thought to be an
allerguc response to the systemuc spread of some metabolic product of
the fungus, or perhaps of fungus spotes or elements, for there are a
number of records of the wsolation of mmgworm fung: from the
blood

Recently, evidence has been obtamned that sensiization to dermato-
phytes 15 one of the factors determuning sensivaty to pemaillin, the
myection of which sometimes gaves rise to 2 reaction stmulatig that to
tnchophynn (Peck, 1950)

Histoplasmn

The mability to obtam immune serum has hampered nvestigations
designed to cluaidate the processes underlying the empinieal results of
mchophyun testmg  Skmn tests With extracts of other fungy, and

with diordmn (from Cocordiordes ymmitis) and husto-
plasmun (from Histoplasma eapswlatum), have given valuable results m
the diagnosis and epidenmology of other discases and as an example of
modern methods of mveshgation and a5 a backgroand for the inter-
pretation of the results of serclogical diagnoms the salient features and
results of a senes of recent studies by Salvin on the serology of H
capstlatum will be given (Salvin, 1947, 1949, 19508, Salvin and Hottle,
19484, 1948%)

The usual method for prepanng a fungal extract for intradermal
testang 15 to grow the fangus m bqud medium for 2 pertod of weeks
or months, filter off the mycelal mat, and after the addinon of
1T 10,000 methiolate, to store the sterle flirate i the refngerator untl
needed  The extract 1s sux:ably rhluted w-nh stenle szlmc bcfoxe use

Aeala mosgams oy sha ud -1

1 - - [ N . ’
", - e g 1 H ta
and neither sensinzes man or an expenmental ammal nor produces
non-speatfic reactions, was that adopted by Salvin 1 hs study of the
factors which mflucnce histoplasmun formation
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‘The composinon of this medwm 15—

-Asparagine 140
Magnesium sulphate (MpSO, 71,0} : s g
Diporassium phosphate (K,HPO} 1318
Sodium entrate (NayCyH O, $3H,0) ogg
Fernc atrate (scales) o3g
Glycenn 250g
Glucose (the grade known 23 Ceselose) mog
Distlled water w0 « 1oooomt

Emmons and eatlier workess esmated the ture of histaplasmun by
the skin reaction i pigs lated wi ipsulatum on a bays
of the dilution of the lustoplasmun and the diameter of the wheals
obtamed. Salvin developed an assay by means of 2 complement-
fixation techmque which he showed to be more accurate and to gve
reproducible resules comparable to those of skin testing When this test
was used to cvaluate the effect of environmens and of nutnnve factors
on the formation of Instoplasmun st was found that the maximum yreid
of hustoplismun was obtamned 1 the plucose-asparagne medum after
eght to ten weeks, wath 1 mstial pH of between 72nd 8 2 surface to
volume tatso of mear unity, and an wcubation temperatuse of 25°C
While 2 sansfactory utre of 16,000 was obtamed with glucose, better
Yields were obtamed by the teplacement of glucose by similar amounts
of cellobrose {64 0ac), dexenn {64 000), glycogen (128 000} or starch

128,000)
¢ ) logical of the

The next study was 2 comp
sntigens denved from the yraselike and raycelal phases of H

capsulatuns Seven antigens were prepared—
{a) From the yeast phase (YP}
1 “whole YP cells” killed by o 5 per cent formalin and washed
2 “geound YP filtrate” obtamed by grnding washed hve cells
2 ball rall and filtening thtough a Seutz filrer
3 “¥P residue,” the resdue from 2.
4 ' YPbroth filtrate” obtamed by filtermg a YP culture through
a Mandler flter

(8} From the mycelal phase (A1)

s ‘ground M Hltrate” prepared by gonding the mycehal mat
sn 2 ball nult and fleenng

6 “ground M residus,” the tesidue from 3

7 “M broth flvrate” fustoplasmin)
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Antserum agamt H capsulation was obtawed by infecung rabbits
wth the yeast phase and bleeding them at meervals In 2ddiwon, 2
A - - .- oL - 1

Bxation test

In the preaiptn tests, no antibadies were detected for the first eght
days after mfection of the rabbits  With all anugens, peak titres were
seached by the 16th or 20th day and the final disappearance of
annbody utre vaned from 49 days after infection with ground A
flirate a5 the antigen to 76 days wath hastoplasoun, the antigen with
which the bughest nie was obtaned

e £

In the p tests with from nfected
rabbits only whole YP cells, YP tesidue, and grouand A residuc
(the p fate anugens) fixed compl but with hyp

antseram only ground Af fltrate faded to fix complement, husto-
plassmin again givang much the yghest e

In cross absotption tests hypenmmune serum was absorbed with
each of the anngens smgly (st the exeeprion of 3) and the subsequent
complement-fixation testy showed that the YP cells and ground M
residue removed all d bl pl £ bad
and that the othet four (all soluble antigens} farled o absorh the anu-
bodies which fixed complement n the presence of whole ¥P cells,
YP rendue, or ground A reudue .

It was concluded from these results that the anngens elaborated by
the mycehal pln:: and the yeast phase wete sumilar and that hasto~
JONNS A 1. s - Loreor,

1t 12 meeresting 10 note that, whlse as aleeady wmndscated the preaiprn
atre of serum from expermmentally mfected cabbies rose to 2 masamum
and then fefl 1o zero, the complement-fixation titre wath yeast cells as
the antigen attauned its maamutn two to three weeks later and then
after a decrease remained constant for at feast six months (see Fig 4}
The preapin ntre maxamum comaded with the maxnmum cimel
symptoms and 50 the precipitin and complement-fixation tests provide
a method for dinngmshing the acute and chrome phases of fusto-
plasmoss in rabbits
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The final group of mvesngations rebated to the cross-reactions
obtamned between H eapsulatum and heterologous seea The data from
certain experiments are su 1zed
o mugcﬁ. rments are summar ed Ta'b]c VI,E,W}“C}‘ (.:Ica'r]y shows
Cocadiordes
dermatiidis .- - .
other three fungi € tmmutisand C albieans i thus sextes of cx;enm:nu

~=- ~PRECIPITIN (M s'oplasm n ag ant sen}
===—COMPLEMENT FIXATION (Yeast cells
as ant gen)

Precplatire

RECIPROCAL oF TITRE

P SO
ORI EEEE
NUMBER OF WEEKS AFTER INFECTION
Fic 4 PRECIPITIN AND COMPLEMENT-FOXATION TITRES Of Spaum OF

Rarzs ALLY INFECYED Wi Hstoplasma tapoulatum
{Afier Salvin and Horle 194%)

reacted only wath their homologous antisera although the antisera pre-
pared agamst these two fungi reacted with certam heterologous
antigens  Other workers, according to Salvin (1949%), have reported
that C albicans antigen fixed complement 1n the presence of B derma-
findis antiserum but no published record could be found of a cross-
reacnon between € immns complement-fiing antigen and 2
heterologous antiserum

Cross absorption tests with the four antisera showed that for each
antiserum all three heterologous anugens removed antbodues (that 15,
the complement-fixanon titre of absorbed antserum agamst the
homologous antigen was lower than that of untreated antiserum
agamst the same antrgen) and that B dermatinidis had as preat 2 com-
bining power with ant-H eapsufatum secum as had the homelogous
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anugen  These results indicated that all four fung) had antigens m
common and so each 15 theorencally capable of reacung with antisera
prepared agawst the others It should, however, be nioted that all the
fungal antugens histed in Table VI gave the strongest reaction with thes
homologous seta

Tn addinon, the 5949 expeniments mcluded eross-reaction tests wich
Aspergillus fumigatus and Absdia torymiifers antigens. No reactians

Tastz VII
CROSS-REACTIONS OF FUNGAL ANTIGANS
Complement-fixation tares of susera prepared
Astigen aganst antgens
W @6 W e 9 0
t Hustoplasms caprulatim 66 1 16 18 s o o
3 Blastomyces drmmatisdis 6 o} 6 3 s s e
3 Couniioldes bamris 6 o B 8 o~ =~ .
& Cand by albsans © o o 3618 6 o
3 Candids stellatolden s 0 — & 1026 o o
& Cryplococcus neeformans o 4~ e 0 2000 o
7 Asperg flus fumiganas © o o o s o 12
3 Abswba corymb Jers @ 6 o6 o = = -

Data from Salwin, 19495 (tatres tn voman type) and Salvin, yg50b (heres in ital o)
Titres of antisera aganst thewr homologots antigent 1 bold face type
= Notest.

were detected and nesther could antisera of sigmficant antibody nitre
PR R Y Y U T
antigen  In the same senies antisera were prepared agunst Crypto-
coceus neoformans, Candida albicans and C stellatoides  All these three
teacted with their homologous antigens and the fast two also reacted,
but more weakly, with therr respecnve heterologous Candids anugen.
The tesults suggest that the more speafic the anngen the greater 1ty
anubody-producing power (Table VIL, anugens 4,5, 6,7} Attention
may also be drawn to the antgenic disumilanties of 4 coryméiféra and
C ummnis, which are both phycomyeetes, and the farture of A fomt-
gatus to react wach the antsera of other hyphomycctes such as B
capsulatum and B dermatiedis
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Serologieal Disgnosis

Speatfic cvtancous tests or scrum reacnons would be convensent,
sunple, and faprd means for the recogmuan of mycoses and conse-
quently serologcal dagnoss recerves perenmual attention  Different
workers frequently prepare thewr dugnostic antgens by dfferent
methods, they vse these preparations m different ways, and the

yeological data are often tnadequate for reasons beyond the invest
gator's control so that, as mught be expected, many confictng resules
have been reported  The large and confissed Iitesarure 15 difficalt to
supumanize aud here 1t 13 oaly possible to indicate certan established
faces and 10 give examples of representative uses of the method

Infection by a pathogeme fungus usually results an shin hypersen-
sinvity while the development of d ble armtibodies m the blood
13 of less frequent occurrence  Cutancous tesung has, therefors,
predonunated  The chuef snterest 1 the tnchophytin test, the first skin
test 1o be devased, has been in 1ts use for the rapid diagnoss of mfection
by 2 nngworm fungus The evidence so obtamed clearly indicates
that mfechon by a dermatophyte vsually, but not always, results 1
skin seasitsvity, that patients showing dermatophynds give 2 postive
reaction with nchophytin with suffiaent regulanty for the test to be
useful for a chinreal duagy of this cond and that
patents infected by an “amimal” species of nngworm fungy, suck as
Miucrosporum eanss, which, as ready ndicated {p 13}, tends to gve an
mflammatoty teaction, most often give a strang response to tacho-
phyt The tachophyun reaction 15 not, however, speafic, mfechon
by one spectes will usually induce 2 reaction to tchophytin prepared
from another specres of the same or a different genus and 1t 13 customary
for mchophyun to be a blend of ‘several different dermatopliytes
Alto, mdividuals giving 2 stzong tnchophytm response will offen
give a positve, 1f Weaker, reaction wath an extracs of another fimgus
such as Candda albians R

Many people grve a possave skun reaction to “osdromyan prepated
from € albians and m view of the widespread ocomrrence of this
fungus 1n the respiratory and digestive tracts of normal mdunduals
(see p 32) thus 15 mot perhaps surpnisng o additzon: to @ poutive skan
reactioss, 1 preap and pl 1 reactions
may also be dernonstrated both 1 those saffering from monsliass and
apparenddy healthy mdivnduals In general, for smomluasis a8 for
dermatomycoses serolagical tests have only a confirmatory value i
dagnons  Conant ef 2l {1945) do, however, recompiend that the skin
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test should always be made m cases of monibasis, as potassium sodide
therapy, one of the standard treatments for that duease 1 dangerous
to strongly scnsinzed persons

C E Sruth et al (1950) found that the combination of preaiptin
and complement fixation tests can establish the causes of 60 to 99 per
cent of nfections by Cocadiordes immutis n man - They also found that,
s expenmental histoplasmosis 1n rabbuts to which reference has
already been made (p 68), preaxpiun tests are most useful in the carly,
and complement-fixation tests 1 the later, stages of the disease Com-
plement fixation attains 1ts titre 1 d: 4
and a fall in preaipitin titee and a nsean complement-fixation titre may
be a useful mdieation of the dissermination of an mfecnion, Coca-
diodomycosss also confers a skin sensienaty  Thas may duwappear m
the final stages of a fatal infection but 1t persists for many years i those
who recover A positive skin reaction to caceidiodin 1s not, therefore,
usually mdicative of active infection but the extensive cutaneous
testing undertaken dunng recent years 1s 2 good example of the impor=
tant infe on the hical dusteib and madenee of 2
mycoss given by mass serological testmg  In South Anzona where
cocadiodomycosts 15 endemic, more than 97 per cent of Indun
children may react to cocadiordin and duning the Second World War
the devel of diond n troops after being
stationed for trammg 1n the desert region of the United States was
frequently obscrved  Recently, Mackinnon and his collaborators
(1950) have used the skin test to nvesugate the distnbution of
cocadiaidomycosts n South Amenica Of 62 indivaduals from the hot
and zones of the Chaco and other provinces 8 reacted to cocadiodin
Cocardiodin-sensitive mdiniduals were also detected 1n adjacent
tegions and confitmed the authors m their view that cocaadiordomy-

-1 Lo 3 Vo

series of 433 from Buenos Awres It 1s suggested that these low values
are due to cross-reaction with Histoplasma capsulatum  In Buenos Aures
15 per cent of the population 15 said to be hustoplasmun posiave and
when in Uruguay 360 adults were tested with both antigens, 38
reactors to hustoplasmin were detected and only one to cocadiondin,
the individual who gave the strongest teacuon to histoplasmin Na
posive reactors to either antigen were obtamed 1n Santuago, Chule.

~(Tsou-tepn
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Histoplasmun skin-testng affords an example of the use of serological
methods to elueidate a condimon of uncertan ettology In states of the
Musstssipps basin, from 27 to B3 per cent of young persons were found
to have pulmonary calerfications such as are normally associated with

bereul Only app ly one-half of those shownng such
abnormahties gave a posive seacnon on festng with tuberculm,
Tubercubn seantivity 15 considered to be 2 stable condition and a
relable ndication of an attack of tuberculoss Tubereular ifecrions
dtd niot, therefare, appear to explun the calaficanans m tubesculin

diwesals, An al pl was advanced 1
1943 by C E. Snuth who suggested that histophsmosts mught be
endemuc i the atea This tesulted 1 large scale catancous testng with
histoplasmm and Tams (5950} has summanzed the results of 27,780
recorded tests  OF these, 38 6 per ceat were hustoplasmun posuve,

61 4 per cent hustoplassun negatve, and no patient showed any signs

of actsve histopl When the comp resules of hustoph
and tubercubin tests were analysed 1n a senies of 2,577 panents exhibiting
“ pulmonary calafications 1 was found that 13 per cent wete husto-
plasman and tuberculin posttive while 69 5 per cent were hustoplasoun
postsve but tuberculin negative, and 5 3 per cent cubereultn posiave
and histoplasmun negatve  That 15, 183 per cent gave a possuve
tuberculin reaction and 82 5 per cent a posstive hustoplasmun reacton
These results suggest that a relatonship may exst between Sisto-
plasmin senutvaty and the presence of pulmonary calaficauons
Emmons, Olsen and Eldndge {1945} showed, as did Salvin (see Table

VD), that hustoplasnun gave a cross-reaction with other fungal annigens

and parucularly wath blastomyan A doubt must, therefore, reman

tegarding the nterpretation of a positive hustoplasmun zeaction
althongh Howelt (1047} has shown that different batches of hustopfastmun
vary markedly 1 thewr chnscal titres and that goad antgens sed at
therr entical fires grve few cross-reactions while Fuccolow (rg50}
fatled to detect a ctoss-reaction with blastomyern 1 cases of human
hstoplasmosss. Naturally, 3 watch 15 beng kept for mdd or sub-
chinucal mamsfestatzons of histoplasmosis m ateas where the wadence
of tawned pulmonacy 18 hugh Emnsons, Olsen, and

Eldndgé reported the ssolation of H capsulatuet from the hulac fymph
node of 3 chidd with pulmonary calafications and recently Chrste
(1950} has recorded the ssolation of H capsulatart from two wnfants
and sts mucroscopical identification 1 the lung of 2 third, f&:;‘
which he suggests represenc the beniga or mummal form of the
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disease  Furcolow (1950) has recorded spontaneous recovery from
hustoplasmosis m a chuld
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particles has the reverse effect on fungus spores, presumably due to an
ncrease 1 the growth of saprophytic moulds under the more humd
condions, and even very heavy sam storms may achieve only a
temporary reduction ‘The spore count 15, however, mamtamned at a
very low level during periods when the ground 15 covered by snow
(Fig 5) Another factor 1s the wind which s an mportant determmant
of “spore storms ™ One of the most impressive and well-documented
of these storms occurred on the 6th—gth October, 1937, throughout
the eastern US A when, according to Durham (1938), the weather
record showed that air masses from the north-west at an alttende of
2,0006000 feet moved rapdly east and south-east traversing
Mmnnesota to the Atlantic seaboard 1 about fifty-five hours Durmg
this time thousands of tons of mould spores were transported several
hundred mules At nearly every station east of the Mussissippt river the
catch of Alternania spores (up to 2,027 per 1 8 cm? per 24 hr) was the
tughest of the year At seventeen of the statons the average increase
1n spore count was a hundred trmes that of the daly mean for October
Mass movements of cereal rust spores regularly occur in parts of North
America and India where they are responsible for mtiating outbreaks
of plant disease In addition to such major storms, local atmosphenc
disturbances frequently result m what may be termed “showers” On
the afternoon of sth June, 1951, at Exetcr, for example, durmg 2 penod
1n which the temperature remained copstant at 22°C the total number
of Cladosporum colomes developmg on groups of five malt agar plates
exposed for five munutes at 12 noon, 2, and 4 pm were 6, 47, and 3,
respectively

The spores present i the air are widely distrsbuted for 1 addizon
to the usual terrestrial records there are instances of fungus spares having
been trapped from aeroplanes, up to 70,000 feet and over polar regrons,
and from the bows of a lner i mud-Atantic In such localines the
catch 1s Jower than that from outdoor air at low altitudes on land where
the spore content 1s hugher than 1 mountam ar or 1 sull mdoor air
The spore content of mdoor air may, however, attam exceptionally
Hugh values 1o cow sheds and hay lofts or other dusty situations

The bst of 1dentified spectes of fungt recorded from air 13 long and
the list of unidentfied fungt even longer In North Amezica much
attention has been paid o the madence of Alternana spores This 15
probably partly because of the ease with which Alternania spores can be
recogmzed on gravityslides but the: evidence does suggest that thespcrlcs
of this genus, which often predommate m that regton, are particularly
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mportant as allergens Altermana spores regularly oceur 5 the ars of
thus country (Hyde and Williaens, 1946, 1949) but in much sraller
nusibers, Cladosporum spotes being the most numerous In Cardf
duning 1948 Cladosp colonies d for half those developing
onau plates, sunalar resules have been obtaned 1n other Jocalitres i the
Brish Lles and according to a recent paper by Blackaller {1956
Cladosp 15 also the pred g airhorne fungos 1 Meco

Inaddition to species of Pemallm and Aspergillus, Pallularca 15 fequent
and speaies of Phoma, Botrytis, Trchotheom, ete occur m varyag
numbess  Aerobic actinomycetes and diverse yeasts and bactena
accompany the mycelnl forms on plates but phycomyeetes such as
speces of Mucor and Rhuzopus are less commonly recorded than therr
fzepuency s soil and other situations mught suggest.

Fungus Spores as Allergens

By sihaling che spores of the Pemcillium, m an y €xp
2 severe astack of haasseness, going on to complete aphonia was brought
au, Ths fisted for a couple of viys, and ended 1n 2 sharpuh attack of
bronchual estareh, which almost unfitted me for duty for 2 day or mwo.
The sensations were so unpleasant that { have never cared 1o reproduce

e

Sa wrote Blackley mn 1873 of an expenence which suggested that
fungns spores conld give nise to an allergic response 1 man Ttus elear
from the data summanzed in the preceding section that fungus spotes
ace always present m the air, somenmes 1 very large numbers What
15 the evidence that such airbome spores affect mant

The connexion between aborme pollen and hay-fever which was
firmly established by Blackley, 1f not unarumously acoepted ¢ th‘c
time, was first suggested by Efiotson a5 fong ago as 1831 Blackley's
footnote on fus expenences with moulds passed unnoticed and 18
only within the fast twenty-five years that the importance of mould
allergy has become generally recognized

fc was 1 1924 that Van Lecawen noted 1 the sland of Zusd-Beve-
Jand that o § to 1 o per cent of the inhabitants of some willages wese
asthmatic, an madence greatly an excess of that prevading in ather
parts of Hollind He fuled to assoquate thus condlf:on with anf
smeteorologrcal pecuhanty and aimbuted the cause to “musmata ot
“chmate allergens " Further, he showed that sufferers wete réheved by
air freed from "miasmanc substances” by filtration theough eottan wool
or by passage through glycerm and he suggested thae these acbome

5
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substances were manly of fungus ongm, Al m 1924, Cadham
Canada recosded three cases of hural workers who developed
severe asthma on expomare to dust from rusted gram and smfected
straw  He conndered the stem cust {Pucara gramunts) spores to be the
causal agent and he was able to induce 2 pasoxysm by the whalaton
of a few rust spores  Aceording to Femberg {1038), 2t o possible that
the rust spores were d with spores of Al ot Clado~
sporum because most fust spotes ave wcHecuve as allergens and are
abtaned 1 pure culture with difficulty  'Whether this was 3o or not,
Cadlum wasable to afford some relief with 2 vacane prepared from the
rust {Cadham, 1034) In 1930, inthe ULS A, Bemnton described a ease of
asthma assocaated with AspergsHus fumsgatus snd Hopkans, Benham, and
Kesten 1n the same year desenbed 2 simillar case caused by dltemana
spores denved from vegetables stored m the basement of the pateat’s
howse  Smce then roany more mstances have been recorded and Dur-
ham {1938) statex shae 2fter the storm of Altemana spores to which
teference hag already been made “a bnef inguiry has dasclosed the
conrclatton of chmeal symptoms with the advent of the storm 1 some
of the places affected.”

The most frequent symptoms of mould allergy are respiratory and
usually take the form of bronchial asthima or thouns  Conjunctivitis 1
anather comumon mamfestanon of mowdd allergy and n 1939 Femberg
{sez Feunbarg 3948) reported fourteen cases of scasonal agpravation of

nus m mould-sensittve patents 1 which there was 3 positive
conelation. of fungus spote counts wath the ntensity of elmcat
symptoms  Respiratory symptoms usually occur m * surmmer” and
may prevad from Apnl to Navesber in contzast ta the more shacply
defined attacks exp d by poll subgects S
1l the d symp st or the symp may be confined
1o the spring and autumn and these patterns may posubly be anbued
w sensttavity to fung such as Aspergillus and Pemalfoun which occur
10 ¢he asr at 3l tunes of the year {or to comsensitization ta house dust}
and to fung showng seasonal aptima, respectively

A mould-setsitive subject gaves 2 posiuve skan reaction to one or
more funge ot fungus extracts {specific or even genenc speafiaty i
rare} and cutaneous testing 1 she sounne method for dagnons of
moald sensitvry  Fanberg wates that the seravch vest witha 1 1,000
extrace of the mould {1 gm of dry culture per 1,000 ml normal saline
solution} resulung m an wnmeduee whealing type of reacyion, 1s more
sonclusive than the meradermal test.

64T s00)
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T 1 by d by the ad of mereanng
doses of fngns extract given once or twice a week. The first mjecton
150 5ml of 2 x 2 0,600 dilution and the maxitmnum sbout 1 mlofa
1 > Abnon The extract used depends on the partcalar case It

-on *€ ~ ¢ more usually 1t 1s prepaced from
PR Vet cl e ey At
- P - - . « mptoms

but the most genetan, « - -
Interestin mould allergy has been greatesta, = eswhere

many papers have been published on the subject and whilst the fact
that mould alleegy 18 of widespread occurtence and of chmeal signafie
cance appears to be beyond reasonable doubt much of the data facks
preasion Thus 15 due tn part to the varation m the diagnostic proce-
dures and 1n part to the difficulty of obtatung proof of the specific
allergens wvolved. In 2 summary given by Femnbeeg (1943, p. 275,
Table 16) of the results of eleven mvestigations 1t the Usieed States
mvolving tests on more than five thousand individuals sufferiog or
suspected to be suffenng from allergic disorders, the peroentage grvmng.
2 posuve reaction 8o “moulds” vaned from less than s to 85 per cont
and the reaction of one group duagnosed as sufferng from “mould
sllergy” {25 per cent) was probably not sygmficantly dfferent from
that of other groups of “respiratory” and “general allergy” cases
whch gave 69 and 85 per cent posiive mould reactions, respecavely
Simular resudts have been obtamed 1 other countries  Van Leeuwen
m Holland found that half the asthmancs he tested gave a posiove
reacnon to fungt  This compares with 15 per cent posiave m Germany
by Hansen 1 1928 and 16 per cent m the same country by Fraenkelm
1538 who obtamned 53 per cent of maudd reactors 1 a senes in England
In a scrtes of 633 allerpe papents examined by Femnberg hamself,
261 {40 g per cont) gave 3 posiuve reaction to fungt and because anum-
ber of paticnts had aled to respond ro therapy elsewhere he considers
that thus figure should be cut to about a half and dhat on 2 conservanve
estmate 20 per cent of allergic persons are sensstiee to fungt Femberg
also states that 80-9a per cent of his mouldsensitve patienss obran
tehief from descnsitization therapy with mould exteacts (and ores
claims of 80 and 75 per ceut of successes by two other workers) which
dearly supports the clum that fungus spores funcon 28 allergens.
The fungus spores present 1 aur are normally deaved from Wtﬁc
saprophync or parasttic growth of fungs on plants As Hyde mdub ~
hams (1946) and othees have pomnred out, the steaw of wheat and other
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cereahy would appear 10 be an sdeat medim for the growth of Alier-
nama 308 the predormmance of aubome Altermana spores w the states
m or adpcent to the wheat belt of central and eastern ULS A. o, theres
fore, not surpasing whike the dommanee 1 othet parts of the world of

hetharunr, an wb and unspecssbaad saprophiyte,
1 hkcwxsc to be expected In addinion to allergsc diorders caused by
spores of such wadespread funpa thete aze 2 pumber of mytances of
allergy to fung of more Jocalized distnbunon.

Cobe, 1 1932, desenbed 2 case of asthma due to the tonmto leafe
mould fungus (Clndo:y»num jwlmm) the spores of which occur m
fugh affected plants, and
sumh: cases ant ted b)' Brawn {1938) spd by Morrow and Lowe
{1943} The powdery mildew of oak {Microsphaers alw) has been
assocaated with allergic discase 1 Calaforma and, accordiag to Feinberg
{1948), Sir John Floyer m hur Treatise on Asthma, 1726, snd * There 1s
2 Remarkable Instance m Bonewus of an Asthmatic, who fell meo 2
welent Fis by gowg mto 2 wane-ceflar where Must was fermentng

* which 15 perhaps the fitst record of mould allergy  Towey,
Sweany, and Huren {1932} reported 2 senses of cases of aschma
Michigan caused by the mbalation of a fungus (dentefed 25 Cormo-
sponuret {Cryptostsoma} corneale) which grew on dead maple mees It
was suggested that i “maple-bark ducase” the cough, fover, mght
sweats, and lows of werght were s pars raused by a local toxue effect and
n pzrta delayed effect resembling prosew sensitvity  Abso, duning the
was the “mal des cannes de Provence™ which had been cecognized for
more than fifty yrars as an oceupational disease of those who handled
reeds for thaschmg became prevelent 1n che paper sulls of the Mude
tegion of France where the reed Anindo donax was beng used for ats
fore “Fhus dusease 15 charactenzed by biusimds, snffncss, law fever, und
shght scrotal swelling  Later a prangenous erythema spreads upwards
from the inner surface of the thighs and becomes paruculzrly severe m
the armpis A cough develops. Work 1 no fonger posuble The
pauent 15 obliged torest Hus condion at once amproves and secovery
x» complets 1n ten 1o ffieen days O re-exposure 10 the reeds there ss
fecurrence of the symptoms  Duché (1944} who savestigared thux
:qadmon armbut:d the oomyhsm o the zespanc of 2 scnsmzcd

whach occurs
on the ]ow:r Teaves of reeds of mmc zhzn one year old Further, be
supgeted thae the actne prinaple was 2 brownsh black visad flud
which can be extracted from the fangus
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Moulds and Dast Allergy

Duning recent years mncreasing wnterest has been pasd to th -
mal hazard of dust. Stlicosss mg suners 35 caused gy the mci!:riﬁl
action of the maneral parncles consuttng the dust The couse of
bagassous, an occupational disease of those handhing bagasse, the
crushed sugar-cane used to make msulating budding board and other
products after extraction of sugar, 1 more obscure but this disordes,
200, possibly results fram some non-allergic effect. Other dusts, and
particularly house dust, may, however, at least sometimes owe therr
ability to mduce asthma and other duorders to the allergrc action of
fangus spores

The first published record of dust allergy was that by Cooke 1a 1922
who described the case af an asthmatic who gave a strong skan seaction
and mld asthma to an extract of dust from his room but not to other
allergens Cooke was unable to estsblish the identity of the acuve
fraction 1n the dust but he found that 109 {or 33 per cent) of a seres
of 327 asthma patients gave a positive reaction to “dust” (Cooke, 1927)
In 1931 Flood tested 35 panents suffering frora chrone asthma and
obtamed 8 posstsve reactors to fungt ssolated from house dust In one
patient he preapreated an ateack of asthma by spraymng the nase and
throat with a culture filtrate of Micor plumbeus, the mould to which
the patient had reacted  Brown (1936), wha bricfly reviened the topie
of house dust a5 an allergen oted further examples and inchned to the
view that rmoulds were the cause of dust allergy

The evsdence obtamed by Ramngton and hns co-workers m England
(sce Sullwell, Rumngton, aud Maunsell, 1947} and by Reymann 20d
Schwartz (1947) m Denmark does niot, howeves, suppors this view
Some of the tests made by these mvestugators are summarized 1n Table
VI from which 1t can be scen that 37 of the 38 patients sensiive to
maulds were 2o seasiwve to dust but that of the 701 senntive to dust
only 37 were sensitive to moulds  Only one patsent was sensitve to
mouldsalone Stllwell et af (1947) prepared a “crude dust-antigen’ by
the extraction of 3 ton of dust and they found this antigen st 1078 t0
give an ttradermal reactionwith 6 per centof normal persons and
70 per cent of those with allergic symptoms  Further 1t was shown that
subjects wath 2 threshold value of 107 with the dust allesgen showed
allergic symptoms in 2 dusty phert and by desensin-
zation with this antigen gave some yebief to 16 of 18 patients
Addsaonal cvidence of the disanctness of the dust and mould anngens
1s Fernberg’s obscrvation that mould allergy 1 most frequent i chidren
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Lhese tacts rather suggest that dust and mowld allergy are not very
closely related phenomena  The relationship may, however, at times

Tapre VI
SENSITIVITY OF ASTHMATIC SUBJECTS TO
DUST AND MOULDS

Polysaechande
Xl b Moulds m
Penscil um spP
2 n+ s+ Reymann and Schwarez
9 T 1947
6 as+ 5+
- - Stillwell, Rumungton, aad
Maunsell, 1947
36 36+ 24
s s~ 5— i~
3 2+ a-— a4
s s+ s+ 5+
m tor + 7+
e 14 Touls

be closer as m the so-called * farmers’ or threshers’ lung” which has
been noted i country distncts of England (Fawatt, 1938) and
Scandinavia (Tomell, 1946) This respuatory condinon, wfuch
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CHAPTER VIIf

POISONOUS FUNGI
A Toxological Problems

Trax some fungt are edible while others are powoncus has been known
since cachest times  Classical writings contan numeraus references
to fungs and 1t & charsctersstic of human mature thar therr harmfil
effects were noted befote therr use as food was recorded. It 15 among
the larger fungy, T darly the Bandsomycetes {mush and toad~
stools), that most of the edsble specses are found A few are Ascomy~
cctes The number of poronous spectes 1 small compared with those
which are inrocucus  Nevertheless, serious iliness and even death from
cating badly chosen specimens 1s of frequent occurrence, parncularly
n countries where the population s less conservatve m ats wste for
fungi than 10 Britan, 5o that n parts of western Europe specsal legusla-
non regulating the sale of fresh and diied fungt 15 m opecation

These 13 no general rule for the recogrunon of poronous fungr
except the correct idennfication of those which past expenence has
shown 1o be toxic, Pononous species are frequently closely refated to
those which arc edible  Some genera composed almast enticely of
speaes hghly esteemed 35 food mclude one or more porsonous forms,
eg the genus Psalhota includes the powonous P xanthoderma, which
dosely resembles common mushrooms such s P arvensis {the horse

} )y and P campestus (the fitld mushroom) On the other hand,

‘most species of 2 genus may be poronons while a few are edible The
genus Amanta, for example, includes the nghly possonous A phalfordes,
the poisonaus but less dangerous A mustana, and the edible A. rubescens

"True possoning should not be confused with wconvenicoee caused
by eanng mdigestsble oz old sp or wt Arvidual 1ds
A possonons fungus may be defincd a5 one which when eaten fresh and
n moderate amounts by normal idveiduals regularly canses defimes
symptoms of porsenmg Cookeng or drymg alters the potsonons
properties of some species {see Gyromutra esculenta, p 90} and fnge
which are normally edible may become harmful with age duc to the

h 1 changes ding d ip
In the present chapter the range of fungus porsoning s dllusecazed by
L13
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The gllsare crowd; e "oty which g5 white or tnged

With green, begry A well marked T8 a0d has ar ¢he base 2 large whyee

of yellowh, Papery volv, T T spores 4pe white (S, Fig ¢)
Th nun, wel

5 follaweq by the sudden gruseg of severe abdoman,} 2,

93, and great ehyryy. Pamfy] P 11 the cylves, coldness of the
EXtrenutis, SYan0ms ace glsy haractensiye ang the il prergpe
fesembleg cholera. Agre, this firse phage PEIYOUS symptoms
dw:lop but dely BHEE On aboye grs second day the condition
O the patyeny shows an 2pparens Improvement byt ghe Vanioas symp.
fomg 9273 Bater vty o ssed severryy

Usually gerym or cx
30d it becorne Svident thap she e, s sriowly affeced e Rervous
System nexe Becomes Panalysed, ehye Patient may Lipseineg 5 comz, and
death engey There are 20y varations of thss syndrome one

mina
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Much work has been done on the chemical na i
prnciple of A. phalloides since Boudier in 1846 consi[:il::;ihf;;a\s:;
0 be an alkalosd, The foundation of present knowledge was faid ty
Kobere in 1891 who isofated a complex toxic substance (2 glucoside)
which he named “phalhn” and whch Ford showed to consst of at
least twa fractions, amamta-haemolysm and amanita-toxn, The fine,

Fis. 6 Amanita phallndes SrorornoRs
ax§ b, Dugram of a bandwr nd four exogesously developed
basdiospares, X 500

a haemolytic pouon, is thermo-fabie and destcoyed by digesove
Juices, the second 18 more stable and 15 hat mactivated by the digesuve
Jusces or boiling water although 1t 15 decomposed by borling acids
More recently, 1n 3037, Lynen and Wieland isolated three poisons.
One of these, whach they named “phatlodin,” 13 3 hexapeptide and scrs
morequickly than the other two, In ammals 1t causes lessons of theliver
and digestive teact smlac to those of A. phalloifes potsoning w man

Although one mouthful may prove fatal,_ recovery from A
phallosdes pororung does oceur. The recovery s, however, always
slow and the outcome of the varous treatments Which have been
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recommended uncertam  The Pasteur Insuewte has developed an
anti-phaflordian serum  Ths 1 wpected esther mtravenously or
bypodermucally m amounts of gomt or more  Good resules are
clumed 1f the njecuons are gven soon cnough. Since, however,
1 15 vot wually known that A4 phaffndes has been caten vond the
symptoms of posvaing appest, and smce the senim 15 not always
easity p ble, th 15 of more 1} { tha pracucal
myerest The obscrvaton that rabbits and sheep eat small 2mounts of
A phallodes without 1t effects has led ta the patient beang given the
fresh brams of seven rabbuts and the stomachs of three chopped up
together, the explanstiot advanced being that the possonung 1s due to
fwa toxns, one, which acts rapsdly on the hves kedneys and ntestinies,
bemng neutrabized by the stomach of the rabbur, the ather acting more
slowly an the pervous system bewng neutralyzed by the tabbit bramns
Though tepulsive to the patient, cutes have been effected by thus means
. Franee

Glucose imjected intravenously, s used sn Germany agasst A
phalfosdes porsoning and this treatment has met with sveeess both
chrucat cases and m expenments with ammals  The season for ns
suceess 1s pot fully und, d for though hypogt 1 caused by
the porsontag this docs not seent to be an essentral feature  Another
ke understood treatment for which suceesses have been clamed 1
that of grving common salt, eather as metavenous injections ot orally

Twe other fungs which are closcly allied to 4 phallondes and wiuck
cause the same fype of posonmng are A vena and A wirosa ln alt
thiee the effect of the powsan 1s to cause degeneration of the cells of the
meernal organs, partcoluly the Lves and Judneys and death fre-
quently follows  The syndrome of Leptots heh eola porsoning resembles
that caused by A phellondes but Volvarsa ghocephala and 4 cimas, bosh
at one time thoughk to cause possonung of this eype, ae now known ¢
be nan-touc

Amamstd mstscorisand A panth ate both responuble for p g
of 2 very different type  They act predomunantly on the nervow
system and pavtro-mntestnal symprams, though present, ace usually of
secondary amportance OF the two, A pantherina canses the more
wnous posomng and 2 death rate of 10 10 20 per cent ts reported by
some authores A muscana, although the popular progotype of 2
possonons fungus, 15 not faza} 1f the subject 15 healthy

A musiana, the fy aganc fso named beeause 1t 1 Jethal vo fres), 18
well known on sccount of its bnght scaclet or ocange-red cap on the
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surface of which are seattered whitish, wart-like masses The gillsand
stem are white  There 15 a w ell-developed ring but the volva 15 repre-
sented by only a concentnic senies of white or yellowssh squamules
above the bulbous base of the stem The colour of the ap of 4
panthenina vates from yellowssh-brown to ¢ h-grey The stemus
white with a bulbous base which shows the remams of a volva and the
obliquely attached ring does not persist
In contrast to A phalloides possonng, the onset of symptoms occurs
without delay, wsually within 3 honrs of the meal Vowmtung and
duarchoea are accompanued by delinum and halluanation which 1s
both visual and anditory These continue for about four hours and are
followed by a deep stupor and sleep from which the patient wakes
feelng much better and with no recollection of hus illness  Somettmes
the dig ymp are more p d and m such cases the
poisonous matter 15 quickly ehmtnated from the system and recovery
srapid  More rarely there 1s no digestive upset and then the delirum
15 more serous
The effect of the fly agarnic on the nervous system has long been
known In 1560, the herbalist Bauhin called thus fungus “the fungus of
folly” and 1t 15 greatly estcemed by the Koryak tnbes of north-cast
Stberta where 1t 15 eaten to induce excitement and intoxcation The
first passonous principle to be 1solated from A musearta was muscatne
(myceto-muscarme) which also occurs m A pantherina It has snce
been prepared expenmentally by the oxmdation of choline which 1
also present i the fungus in fairly large amounts and which.s probably
responsible for the digesuve troubles wsnally accompanymg 4
muscana possonng  Although  muscanne anduces  charactertstic
symptoms, pasttcularly excessive excretion by the sudortal and saltvacy
glands, durthoca, and slowng of the heart, they arc not the chuef
: = — cad el 4 e eeana newsanmg These are generally
. mnduce
wiscara
French
1 ltom !hc

. b d to

workers as the “p y
“sudonan syndrome” mduced by muscarme
In addition 10 A muscarsa and A pantherna, muscandine appears to

be the active panaiple in Chtocybe dealbata C npulosa, and mn species
of Inocybe, ¢ g 1 patousllardu which may be fatal, while muscarine és
present mn agancs such as Strophana semglobata, exceptionally
dealbata, and 1n the tube-bearmg fungus, Boletits calopus
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The treatment for parsamag by A muscara and other fungs having
ahke effect 13 broadly speskang that for violent ndigestion. Vooutng
1 spontancous and should not be mduced bm purgatives may be

to expe] any fungus brovude and
chlonde aze green agamst the pervous symptows and the myection of
ether or other shmulant combats carduc depression. The North
Amenican form of A muscaria appeass to contan larges amounts of
muscanne than do European speamens and aganst this atropme ts
efizenve but thos drog should not be adnuntered i cases of porsonmg
by the fly aganc 1 Butan.

Chmeal symptoms have frequently been used 25 2 bass for the
classficanion of personons fungx and lthough suck chmﬁc:ncm ate
wefil they are very arufioal P! whach wvally
a posonmg by 2 given fungus are often modified by sdxosyncns'[ of
the pauent so that they are only a guide to the speass mvolved
Mucroscopse examnation of the vorut and stools for spores or frag~
ments of fangus may provide more rehiable diagnostic cvidence

The chmucal cawficanon devised by Roch has been nsed by

Dupaene and Heumn (1938) who recogmize three of p
apancr—
1 Fung whichafier a long incub d cause the 3

of the cells of the anternal organs, ¢ g Amamta phallodes, A verna,
A, virosa

2 Fungs whach affect the nervous system dweetly, £ g 4 mascana,
A. panthering

3 Pung tuung gaswo-cntenns, eg Entoloma londum which 1
sometunes farat

There are many other basdsomyeetes which have 2 mildly possonous
acton on man and may be considered as mdigestuble and thercfore best
avoided  With most of these the symptoms are confincd 1o nausea,
vorunng, cobe {which may be punfid), durrthoez and somenmes
rervous or othier troubles but these last are usually of secondary impor-
tuee  Tncholoma pardimim causes violent and pamful eatenns which
may persst for a5 fong as six day s, and sevesal speacs of Russula and
Lactanus have 3 deadedly intating cffect on the digestive trace. Some
Buropean specses of Boletus are able 1o cawse gaswo-tntesunal upsets
and the polypore Fomes officnals has bong been known for ity purgatnve
semon. Reports of possomng by other bandiomyertes are not un-
common but the evidence 25 ta the identiry of the spocies exten i« aften
unreluble 20d conflictmg
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OF 2 xather different character are the troubles astocuated with
Copninus ateamentanns one of the common wkeaps  Although thuy
fungus can be eatere with wmpurity by some people with others o
tahen with aleohol 1t 15 sa1d 1o have produced cardio-vascular erethism,
congestion and eyanosss of the facc and scalp The symptoms due sway
after some hours If however, more alcahol s then drunk they may
reappear 1t has been suggested that the powsonous substance s soluble
wn afcohol but thy does not explun the sporadsc nature of the agmacks
There 15 no satusfactory explination of the fets

Yarger Ascomy cetes

The most escemed escolents among the larger ascomyestes ate
wuffies (the underground frucuficatons of species of Tuber) and
Morchella esailenta the mote! Rather simudar 10 the Listes 1s Gpromnira
eseufenta This fungus whach causes posonings which may be fial
has a deeply convoluted cap fawn-coloured when young and duck
chestnut 3n older speaimens. The surface of the cap sums i 1o meet
the whitsk stem wluch 15 Batened somewhat and Jongueudmally
grooved f cooked or dned the porsonous propernes of G esarlenta
are Jost though poisonngs do occur when the cooking watet 18 verved
vtk the dish. For dus reasons the number of cases seported m France
whete the fangus 15 eaten cooked or dured 15 small Possonings ave more
frequent 1 Germany where the fungus 15 caten faw oe after letle
cookmg and cases resulting 1n deach have been reported from Nosth
Amenca There i always a fong mcubation penod aficz the ngeson
of the fangus varying from exghe hours 1o tvo days and ths s followed
by vorutmg diaerhoea nesvous troubles and retera and slemanng
petiods of deep sheep and convulsions the hver and spleen are swollen
and the pulse slow and wregulss A coma may prerede and conunus
up to the e of death

It was first thought that pousomng 1 due to 2 haemolype tonn
befvellic sard which was ssolated by German workess befate the end
of the Iast century  The aad 1 destroyed at temperatuzes of about
66°C and by drymg and this would explan why cooked and dned
specumens Joso thesr toxaty  On the other hand it 15 known that the
posion does at tmes occus m the coakmg water and recent work
mdseates that the problem 15 % complex one & sceems Ikely that 2
second thermostable posson 1 present and that thss alone 15 able w0
case death  Some workers even swte that no haemolytic symproms
occur 1 man Pessonal adiosynceasies here too would account for
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some of the contradictory ewndence {some people are able 10 eat G
esculenta raw and children are more hable ta posaning than are adules)
3 bylacne

but not for 2. One sug, 15 that p

nature stiice powsontng often occaes when
2 sccond meal of the fungus v taken
shortly after the first.

Ergonsm

Spores of the ergot fungus (Claviceps
purpiirea, an ascomycete} mfece flowers of
ceveals, partcularly rye, and of grasses As
2 rosalt, the ovary s destroyed and the
“seed” sepliced by a sclerovum (2 com-
pacted mass of hyphae} which projects
from the ear as 2 small, dark, horn-like
structure (see Fig 7)

These sclerota, when denved from rye,
maybe 1 5 to 3 5 (or more) cm wn kength
and constnte tha ergot of commerce
They contan several sthalosds able to
stmulate plun muscle to contracz and 3
15 to ths properry that ergot owes ms
employment i gynaceology IE snadver-
tendly catent by cattle or by muan character-
suc sygns of posoning resule and death
may follow Loses i stock are wsmally
due to nfected grass while possoning m
man normally results from the wuse of
ergor-contmuated rye Bour

Ergot porsomng 1 man 13 now rather
sace One of the mote recent outbreaks
was that which occutred wn Maachester i
the autumn of 1928 when there wese 20
axs of ergotssm among Jewsh
grants from central Evrope whe
1928, Morgan, 1920) T}

been grown mosoutk
went of ergot by handep ©
of a ryc-bread eater in ¥
bread-malang was

.

ar

Re. 7 Eun ot Rys §veiy
Scuxoma or Claviey »
X
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ergot The ryehad been grownm Lancadturean 1922, another wet yeae
(Dilmg and Kelley, 1928} Formerly ergotism wat more prevalent
and more severe and durmng the Middle Ages 1t was known Europe
as St Anthony's Fire or the Fire of St, Marual,

Two types of erp have been d, hed, the gang) and
the convulsve  The former begins with a general Bswrude, vague
lumbar pasns ot pains 1 2 hmb, espeaally the ealf, and the inteliecs s
dulled In the course of a fow weeks the affected exieernity becomes
swollen and inflamed and atracked by bummg pans heat alternatmg
withicy cold  Gradually the affected part 1s numbed and later becomes
gangrenous, mummified, and dry  The gangrene spreads vpwards and
the gangrenous kmb may separate spontancously without the loss of

oo

Gangrenous ergotism 1n Burope occurred west of the Rhne  Eastof
that niver ergotsm was usually of the convalsive type 1n which con-
yulsve twuching of the hands and feet or of the whole body was
accomparied by terrible pamns T the sntervals betw een the convudons
there was httle discomfort, 2 ravenous hunger {there ts a record of rwo
patients each consunung three pounds of bread withun seven mingtes)
and severe ¥ not fasa), ) 3 d {Barger
19313)

In the first of the Brstush cases mentioned above, the symptoms were
of the muld nervous type while in the second the Laverpool case, there
weas gangrene of symmemcal toes It 18 thought that defiency »
vitarn A 15 probably a factor which deteemunes convaluve ergotsm.
This would explan repeated outhreaks of this type 1n orphanages and
prisons where the dict was wadequate and there 18 posttive correlition
between the greater availabibty of dury products (which ate the chucf.
source of viramin A) m France than 1 Germuny and the type of
ergousm charactensuc of the two countnes

References

The monogtaph by D:yamcvic Iz Ravidre and Hom (1938), with

avcount of the
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are exhaustively treated by Barger (1931)



EXPLANATION OF THE PLATES

Prare I

Black predra (Pedrasa hortai)

1 Nawrally mfected hair showng black fungus nodules

3-5 Growth of P hortar on Sabouraud’s agar after 8 17, and 30 days and
4 mohths

6 Nodule on hair after treatment with eamstic potash solution.

7 Part of a nodule showing development of aser and ascospores.

8-21 Stages 1 ascus and ascospore development

{Horta (x;:::? plate 5 Reproduced by permussion of the author and the
Instituto Oswaldo Cruz )

Prate 1T

Trchophyton mentagrophytes L: T (gypseum) asterordes of Sabouraud)

Prmary culture after 40 days on Sagounud s maltose agar

. BHIL Overgrowth of the primary cnlture by the non-sporing pleomorphic
orm,

IV and IV* Culture of the pleomorphic form on Sabouraud's maltose
agar after 13 and 20 days respectvely
- (Sﬂ):ounud {191} plate 1 Reproduced by permussion of Masson et Cic,
Pans

Prate I

Tinea tmbncata (Tchiophyton concentricum)

t Tinea imbncata on a Brazan Indian, (Photograph by Dr A E. de
Aréa Lelo and Dr M Goto)

? v

JLPUDNU O S AL U ST S N,

"
EPTRVEY

Prare IV

Tinca capns {Microsporum eants) Lesion on boy's head  (Phor h by
Dr Clira M. Wirren) ) ol (Fhorogep
Pratz V

Aicvosporum cams

1 Nawrally mfected har after treatment with canstc potash to show
sheath of regularly arranged arthrospores Unstuncd % 500

2 Profuse development of macrocomdia on fragment of harr after inew-
batton 12  hangmg drop for 6 days Unscuned Lictophenol mount. X250

2
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Prars V1

1 Black gram “Madurs foot" Exvernal appearance of foot, Black grams
may be scen n the exudate, A white bostle has been mserted 1 one of the
openngs {Carter (1873} plate H (1))

2 _Modurella mycetomi granule 1 usve of foot. %250 (Preparation by
DejT !‘)ﬂunc?n .

4 Granule of Aqunomyces sn fung tssue X250 {Preparation by Prof Flotmas
P de Almenda) g (reprmasan by Brof Flo

Peave VI

3 Chromoblustomycosts {Phualophora sp ) of | ‘botograph by Dt AE
doni ey ycosss (Plualophiora sp ) of leg (Photopraph by
Ms Cd:l!; of Phisdophoran missue % s00 (Prepacation by Prof Flonuno P de

e

3 Sporotnchosss of arm, Nefe the prurary kenion on the hand and the
succession of secondary abscesses ;kni tgc arm- (Photographby Dr M A F
Helon. R&uﬁu@é from Sporotrichosts 1949 by permusmon of e
Teansvaal ber of Mmes )

Prarz VI .

1 Aurbome fangus spores, ¢t , trapped outsde the Presdency Jar, Caleurs,
by D D Cunningham on 27¢h BMay, 1872 Temp 06°, wind, 5 by B
and$, sam, 00m  xaj0 {Conmngham (1873), plate V (4)}

2 Fungus colomues on plate of male agar @ to the outdoor me for
s nunutes on 23td Auguss, 1951, at Exeter, and then sneubated for 6 daysse
25°C
3 Crppocoeens meofermans v human. bram vssue Note the wide capuale
around e2ch cell oF the paraute % 500 (Prcfmuon by De ] T Duncan)

4 Paracocordiosdes brasiliensss I;!nlnplc tudding 1 tmue X500 {Photo-
graph by Prof | E Mackumon

5 Cocadiodes mxmsps sphesule 10 tissue X 500 {Preparanon. by Prof
Fosuno P de Almads)
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Prare IV
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