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Studies on certaln keratinophilic fungi

Uhristine Osborne Dawson

Although the pathopenic kerstinophilic fungi, oﬁ dermatophytes
have beon known for many years, non-pathogenic species were
racoegniped only after Vanbreuseghem, in 1952, introduced
technique of “baiting" s0il with hair. Beocsaune only fungl with
an affinity for keratin canccolonize the bair, this glves a method
for selective isolatbion of such spocied.

Foxr thie thesis, non-~pathogenic kevatinoephilic fungi vere
igolated from soils, halr and Lfenthers, bivde' nests and owl castay
the effect of various envirommental conditions on asexunl growth
and on the development of the sexusl state of certain of these
koerastinophilic species was investiguted.

As & result of thie work, the most suitable conditions for
the primaxy isolation of keratinopbilic fungi by the use of
kervatinous balt wers established, 1% also beoame appavent thet
by altering the temperature of incubation from the nurmal;24gﬂ
certain kexptinephilic species could be seleotively leolated.
he importance of unsterilized soil combined with a suitadle
keratinous beit (howse heir) snd inoubation temperature (24°0) was
noted fov cleistothecdal formatlon by spwcies of Napnizzds and

Arthrodenma. Horse halir lgld on the gurfsce of dung extract agar

proved best for obiaining perithesia of keratinophilic specles in
the famlly Zuzotiscess.

Kerstinophilie fungl ware isclated from L7TL (725%) of 238
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soll samples, 74 (31%) of 234 enimals and birds, 7 (80%) of 8
owl captes and 28 (80%) of %3 birds! nests investigeted, Birda!
nests have net been investigated before for keretinophilic fungi.

Anglysis of the isoiation results from soil proved that
there is & linkage between the kerastinophilic fungal flora and
animal life. A larger percentage of sodl samples from areas
with 2 high animal population yieldea keratinophilic fungis a
greater varlety of specles wag isolated and individual fungi were
prasent in guantity.

For the first iiem, ah attompt has been mede to compare and
correlate the keratinophilic species iéolated from small animals
and soil., Rabbits were shown to carry 2 kewxatinophilic species
ond to be responsible for their presence in burrow osoil, demonsir
in the soll eurvey. Although no other keretinophiliec fungi couli
be related to one kind of snimal, the evidence suggested thal som
non=pathogenic species were part of the skin flove of many anlmal.
These fungl wers imolated more frequently from animels than from
soil, although other species which werc common in soil, were
infreguently racoveved from hair samples.

The isolations from birds' nests togother with those from
feathers suggested that, in the future when more blrds have been
exanlned, some species will be proved to be corried on feathers
also.

Keratinophilic fungi in the family Burotiscese were shown

t0 he regulerly present in habitats rlch In orgaenic naterial,
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being isolated from solls of thig type and from owl casts.
As & result of these studles, species of keratinophilic fungi

in the Fungl Imperfecti, Gymucascsacese and lurotiaceae have been

ilsolated. Of the 21 species which I isolated, 9 are new species
which have been ¢lassifiled and, with one excepiion, nameds 4 of
the remaining specles, although bthey have been isolated in other
countbries, are reported for the first time in Great britain,

Amgurosscus verrucosuw, of which neither living cultures nor

herborium specimens exlst, was re-discovered and ie now held in
pura culture.

A particular study hos been made of the genus Arthroderms,
to which, in the course of this work, I have added 5 new species.

The generic demcripibion, based on the single specles A. curreyi,

has been expanded to include the 10 gpecies now known and a key
for identification, based on clelstothecial charvactervistice, has

heen prepared.
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INERODUCTION

In 1952, Vanbreuseghem descrxibed a simple but highly
efficient method for the selective dsclation from soll of fungi
able to attack natural keratin. Ae & result of the use of this
technique now specles of fungl were found (Vanbreuseghem, 19523
Durie & Frey, 1957; Frey, l9%9; Dawscon, 1963) and it becanme
apparent that the ability to attack and break down natural
keratin in vitro was not confined to dexmatophytes, the fungi
which cauce the disease yingworm in nan and animals,

In an attempt to isolate the equine dermatophyte Wrichophyton

equinum from soil in which there wes good reason to expect that it
night be present, I substituted horse tail hair for the adult
humon halr which Vanbreuseghem (personal communication) had used
as belt.  Although the dermatophyte was not isolated, cleistothecis
of Xeratinomycep ajellod were found and during the study of this
species 1t became evldent that certain environmental conditions
were required to enable tho perfect state to develop (Dawson &
Gentles, 1959). Reports of penfect stutes of dermstophytes and
non-pathogenic keratinophilic fongi followed (Kuets, 19603
Griffin, 19603 Ajello, 19613 Stockdale, 19613y Dawson & Gentles,
19613 Georg, Ajello, Friedmsn & Brinkman, 1962) and it became

obvious thet there wag an important and interesting field for

nycological investigation in the study of kewatixophlilic fungi.
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¥Yor this thesis, studles were underteken on the effect of
environmentel conditions on the growth and the development
of the perfect states of certain species of keratinophilic
fungl, A variety of substrates, in which it seemed possible
that non-pathogenic keratinophilic fungi endfor dermatophytes
might be present, were investigated by the halr bait and other
methods., In addition to soils, nests, owl casts and samples
of hair, fur and feathers from dead animals and birds were
exanmined. The aime of the invesiigatlion were to isclate
keratinophiliec fungi, to study the effect of animals on the
keratinophilic fungal flora of the soll and to see if any of
these fungl could be coxrelated with a speclfic type of animal
or habitat.

4s a result of these studies, a better understanding has
been galned regarding the effects of environmental eonditions
on the growth of kersgiinophiliec fungi and on the development of
the perfect states. Methods have been evolved by which certain

specles can, 1f necessary, be selectively isolated. Two

dermatophytes, Microgporum gypseum and Trichophyton mentagrophytes,

and many nonepathogenic keratinophilic fungi were isolated.
Several new species of non~pathogenic keratinophilic fungi

ware discovered, other specles which had been reported many
years previously and subsequently lost in the living stoate were

recovered and some species were recorded for the first time in
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Great Hritain. it was poseible %o dorrelate 2 non~pathogenic
keratinophilic fungi with rabbits and a number of other species
wore found to be frequently present on the coats of small

wild mammals. Evidence sugzesting the associntion of some
species with birds was also obtained. Certain fungi wers
found to heve a predileotlon for soil and other subsirates in

which there was an unusually high content of organic mattex.
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HISTORICAL HEVIEW

Keratin, which is a fibrous protein allied to fibrinogen
end muncle fibre, is the main component of the non-living outer
proteciive layer of the animal epidermis end its appendages.
Skin keratin originates from soluble precursor cells which are
gituated in the prickle layers of the epidermis. As these cells
pags towvards the surface the keratin molecule develops, becones
stabilized and assunes the fibrous characteristica of ite mature
form in the stratum corneum where its toughness and elasticity
gerve as & protection for the underlying tissues. Nails, hair,
feathers and the like also arise from the epidermis and are
composed of o hard type of keratin which, chemically, has a
higher content of sulphur than is found in that of skin.

Koeratinized tiseues, especially those composed of hard
keratin, are normally relatively impervioub to decay and, in
nature, are attacked and broken down only by the clothes moth,
certain actinomycetes, some chytride and, in addition, by
certain species of fungi (Page, 1950). According to Denedek
(1962) the adjective "keratinophilic*, which today is used to
dosignate funzi which are capsble of degrading keratin, was
introduced by Karling (1946). VWhereas sll kerstinophilic fungi
can atdack keratinized tissues in vitre, only some of them,

the dermatophytes, are able to live parasitically and attack
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keeatin in vivo causing the supsrficial disease ringworm in
man aad esnimals.

The ringworm disecases sre of considerable anbiquity and
according to Aiunsworth (1953) fawvus, a form of ringworm in which
characteriatic cup-shaped crusts or scutula develop, was known
to Oelsus in the {irst century A.D.. The term "tinea, which
is uped todey to designeote superficial fungal infection of the
epldermis ox its appendages, might according to Habfa & Kaposid
(1880) heve been introduced in the 12th cenbtury by Stephen
Antlochus whilst brenslating from the work of the Awmabian
physician Haly Abbos or, alternatively, might have come from
Mercurialis in the 17th century fiom the latin "tinea' meaning
e gnawing worm. Aevording o Adunsworih (1953) ringwornm of the
sealp must heve been common in fingland in Tudor btimes because
licences were granted to permit those suffewxing from this disease
to remain covered in the king'e presence.,

The first evideuce that fungi were the cause of ringworm
was found in 1839 when Schoenlein demonstrated the preseace of
fungal elements in the scutula of favus aand, unlike Rewak who
had noted them several years earlier {1837), asppreciated that
they were the cause of the condition. It is mot possible to
mention all the ploneer workers in the field of medical mycology
nor their discoveries but the researches of Gruby, whonm

Sabourand has desoribed as the "Father of Medical Mycology",
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are outstending. This esuthor, in the yesrs from 1840 to 1845,
described fungi from eanch of the types of ringworm recognised
today.

Despite the ausploious beginning, progress in the understanding
of the connection of theme pathogenic fungi with the diseope
ringworin wes hindered by false premises such as the belief that
any fungus waes capable of cuusing infection (lelliexr, 1880).
However, despite this and other false assunptions medical
nycology as & science continued to advence and new specles of
dermatophytes were discovered. By the turn of the 19th century
the time was ripe for a re-appraisal of previous work in the
light of new developments in technigue. ‘This task was
wndertaken by the French dermatologiet Relmond SBabouwraud who,
asing pure culture technigues, repeated many of the original
expervinents, In 1910 he published his observations in the
movumental “Ies Teignes" in which he olassified the dermatophytes

into 4 geners, Trichophyton, Microsporum, Epidexmophyton and

Aghorion and gave detwsiled descriptione of the species within
each genus.

Among the firsi to observe the action of the pathogenic
keratinophilic fungl ipn vivo was the British dermatologist
Adamson (1895) who reported that within the hair growth of the
fongus is downwerds into the roots but la stopped shoxrt at the

living tiosue of the bulb., An apparent exception to the fact




that dermetophytes do not dnvade living tisscue is shown by the
condition knovn as Majooells granuloms and whilst reporting on
the treatment of a severe case caused by the dermutophyte

fyichophyton rubrum Blank % Smith (1960) suggested that a low

dermatophyte inhibitoxy serum factor in their patient might be
the cauge of the rveduwced resigtence o the devmstophyte. The
inhiblitony effect of blood gerum was reporied by Ayres &
Anderson (1934) and by Peck, Rosenfeld & Glick (1940), That
it played = pert in preventing the inwesion of living tissue by

fungl was puggested by Lorines, Priestley and Jacob (1958) and

T»

proved by Blank, Ssgeni, Boyd & Roth (1059). Reubiteehek (1962)

suggented that the chemical oysteine which is present in living
tissues but noet in skin, beir or nails might be the factor
responzible.

Although the dernatophytes have been described as scorcely
more than saprophytee, living and mulitiplying in what is
virtually dead ftispue, 1%t has not been possible in vitre to
reproduce the simple and reatrietéd morphology of the parasitic
etate. An agpproximetion o it has been obtained by growing
dermatophytes in shake culture in ligquid medium (Raubitschek,
1955). Normally when dermatophytes axe grown in viixro on
nutrient medium or on keratinized tiesues strong growth
acoompanied by the production of wvarious typaes of asexual

spores and vegetative structures develops.
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The growth of dermatophytes on keratinized tiosues was
fivet studied by Roberts (1894) by luying lengths of hair on
pure cultures which were aptively growing on liguid malt medium.
He found that the halre were attacked and that the extent of
attack varied with the different species of dermatophyte.
Penetraiing organs, the sitructures by which nost keratinophilie
fungi enter hair, were demonstrated by Davidson & Gregory (1934)
who believed that penetration was effected by enzymatic digestion.
Page (195Q) who, in sddition to hair, studied the atitack of ekin,
nail and hoxn by a nunber of syecles of dermatophytes, came to
the conclusion that digestion conld take place enzymatically
even when the hyphae were not directly in contact with the
keratin., Although subseguent workexs have carried out many
move investigations in this field and both pathogenic and
non-pathogenic kKeratinophilic fungi have boen studied
(Vanbreuseghem, 1949, 1952; Danlels, 19533 Barlow & Chattaway,
19553 DBnglish, 1963; OChesters & Mathison, 196%) no completely
gonelusive proof of the presence of a keratin degrading system
has been advanced { Chattawsy, Ellis & Barlow, 1963). -

Wevarihelesg, bthe fact rvemains that both pathogenic and
non-~pathogenlc keratinophilic fungi, given suitable conditions
of moigture end temperature, can grow and thrive for long
periods on keratinons materials in the abgence of any othexr

gource of nutrient.
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Comparizon of the prolific growth produced in artificial
culture with the simple and restricted form of dermatophytes
in the parapitic state suggesbs that dermatophytes mey exist
in natuve as gaprophytes. This hes been nugpested by Roberts
(1894), Sebouraud (1910a) and Tate (1929) among others.
Althouzh the hypothemis s generally believed only a few reports
of dermatophytes isolated from sources other than discased
tissues are avallable despitg gn intensive search within recent
years.

Davideon & Gregory (1934) showed that under laboraitory
conditions it was posesible for small seprophytic colonies of
dermatophytes to develop from cast-off Lfragments of infected
material and suggested that, one day, such colonies would be
obgerved under nabtural conditions. Whilst investigating o
shed which had housed wingworm-infected calves Muende & Vlebb
(1937) did dimcover such saprophytic colonies of Lxrichophyton
mentagronphytes, the dermatophyte which hsd caused the outbreak,
growing on horge droppings.

Seathmary (193) also believed that dermatophytes wore
present as saprophyies in soll and by rubblng mud on to the
aking of guinea plgs induced a legion in one aniwal from which
2 species of fungi were isolated. These he named Trichophyton

terxrestre primum and I. torregire secuundum and, today, are known

ag T, terrestre and T, guinekeanum. Szathmery nmust thorefore
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be regarvded as a pioneer in the field of iesolastion of derxmatophytes
from goil., Fvoleoeamu, Alteras & Cojocaru (1961, 1962) have also

isolated T. gquinckesnum from soil as har Rizenek (persconal

communiocstion)s I, mentesrophytes has been reported from the
atmosphere (furis & Way, 1957) and moil (Iurie & Borok, 195%) of
caves inhabited by bate and from soll by Evolceenu, Alteras &
Cojocaru.{1962a). T, verrucosum, which is the main cause of
cattle mingworm has been recovered from a natural source by
Walkex (1955) but only by removing infected fragments found among
the specimén and culturing from them. ‘“Thie suthor did, however,
demonstrate éhai this fungue was capable of saprophytic growth
on sterilived eoil and cow dung and satated that, in one insntance,
the conidial mtate developed on cow dung.

Only one specles of dermatophyte, Microsporum gypseum which
attacks both men and animals, has béen isolated regmlarly from
soil from which source 1t was first rvecovered by Cooke in 1952,
The presence of the very sharacteristic macroconidis of this
species in 00il was demonetrated dy Gordon (19%3) and by Lurie
& Borok (1955) and this fungue has now been reported as a
gapz.phyte from =lmoet every country in the world, M. pgypseum
hos beenn shown to be responsible for sporadic outbreaks of
vingworm smong market gardeners and others working in close
contact with earth (Whittle, 19453 Alsop & Prior, 1961;

Klokke, 1962).
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Among those who believed that many of the ringworm fungi
must exist in nature as sapropbybes were Emmons (1951) and
Vonbreuseghem & Ven Brussel (19%2) who oonasidered soil to be
the obvious mubstrate. Vanbreuseghem & Ven Brussel (1952a)
denonstrated that growth on soil or soil agers helped restore
to the dermatophytes characteristics which had been lost by
thelr having been bheld overlong in artificial culture, To
reaover dermatophytes which had been inoculsted into sterilized
504l and to investigate samples of netural soils Vanbreuseghem
(19528) devised & technigue based on one which Kerling (1946)
ugsed to isolate kerabtinophilic chytride. Keratin, usually in
the form of human or animal halr, io gspread as "boit" on the
purfage of muist soil in Petri dishess. Tungi with an affinity
for keratin colonize the hait and can then be easily recovered
in pure culture, Whan Vanbreuseghem (1952b) used this technigue
with samples of natural soil the balt wae attacked by & fungus
which, although showing morphoiogical sinllarities %o the
dermatophyten, proved to be non-~pathogenic to both humans and
mimalis,  Although some nonepsthogenic fungd which, today, we

know %0 be keratinophllic had been dincovered many yvesars

previously sud one of thew, Ctenomyces serratus Ridam, had been
culiured regularly on old feathers (Widam, 18803 Danpeard, 1907)
the signlficance of this had not been realized. Not until after

Vanbreuseghem's digoovery wao it fully recognised that the power



12.

of attacking and breaking down keratin in yitxro wus not oconfined
aolely to the dermatophyties. |

Venbreuseghan's hair-bait teohknique opencd up & new field
for mycological exploration and new species of fungi
(Vanbreuseghen, 1952by mrie & Frey, 1957 Frey, 1959; Dawson,
1963) and the perfeot states of fungl already known in the
imperfect state were discovered (Dawson & CGentles, 1959; Griffin,
19603 Stockdale, 1961; Dawson & Gentles, 19613 Ajello, 1961;
Georg, Ajello, Friedmsn & Brinkman, 1962). As a result, the
systematic position of certain dermatophytes has now been
established.,

It was noted by Matruchot & Dassonville (L899, 1899a) that

dermatophytes and members of the family Gymnoascsacene produced

slnilar asexual spores and theese authors suggested that s
relationship between the groups of fungi was probable. - In 1900
Hatruchot & Dassonville noted that cerxtain species of the ringworm
fungi produced, at times, structures which resembled cieistothecisa
except that in place of the ascospores conidia were formed.

These structures were morphologically akin to the cleistothecia

of the family Gyunoascsceae.

This family of the clasp Ascomycetae was founded by
Barenetsky (1872) and outlined essentidlly as it is known today
by Schroeter in 1893, it is eheracterized by cleistothecia

with a peridium composed of a network q$ ihterlaced septate

\
}
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branching hyphae. The cells of theese peridial hyphae ave often
very characteristic in shape and in ceriain genera gome of thein,
towarda the outegide of the peridium, give visce to wslender,
geptate, thine-walled spiral hyphae. It was such spiral hyphae
to which Matruchot & Dassonville (1899,1899a) compared the
spival byphae formed by certain dermatophytes in artificisl
culture. 'The non-pathogenic gymnoascaceous fungus which these
workers coneldered as having the most features in common wlth

the dermetophytes was Avthroderma curveyi which, however, was

known to them by the name (tenomyces sexratus.

The theory of datruchot & Dessouville was supported by the
Italian worker Nennizzi (1926) who reported (1927) that he had
induced s dermatophyte imolated from a human source to form
cleistothecia by culturing it on a mixture of old feathers end

leather in eoil., The perfect state which developed was

characteristic of the Gymoascaceae. IUnfortunately, howevexn,
the experiment wan not completed by culturing fyom the ascosporas
and proving the connection between the cleistothecisa and the
apporently imperfect fungus ineculated and so this proleptic
plece of work did not receive the recognition which it deserved.,
It is irvonlcal that smong the most stringent cxritics of
Nannigzi's work were Langeron & Milochevitoh (1930, 1930a) who,
nevertheless, agreed with the hypothesis of Matruchot &

Dasgsonville and, although the perfect stetes were not kanown,
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placed one group of the dermatophybes in the genuna Clenomyces

Eidam of the Gymnosscacead. We now know that C. gorratus as

deporibed by Bideam (1880) is, in fact, 2 separate species and
that {he specles which the dermatophytes resembled was raslly
Arthroderms curreyi (Smith, 1904).

Corroberation of Nannizzits work was obiained in 1960 by
Griffin who, whilaet studying the succession of fungi on natural
substrates decomposing in contact with soll, noied that
cleigtothecis had developed on sterilized humen hair on one
Banple On microescoplc examinatlion of these perfeot states,
which wore gymnoascaceous in type, Griffin noted that
macroconidia typical of the dermatophyte Mlcorosponum gypseum
were produced from the peridisl hyphae. In addition, cultures
from ascospores gave ripe ta the asexual form of this
dermatophyte on agar nediuin. Geiffin, whilst confirming the
basic accurscy of Hannizzi's descripiion, emended it slightly
necting the presence of spirvael appendages to the pexidial hyphae
and a difference in shape of the ascospores. Although
considering that Nanalzzi hed erred in naming the fungus
Gymnoasecus pypoeus Griffin retained the name rather then erect
o new nonobyple genus.

Almost similtaneously with Griffin's discovexry other perfect

states aspocisted with the asexuwal state of M. gypseum were

reported by Szathmory & Herpay (1960) and by Stockdale (1961).



This latter author erected a new genus Nannizzio, in honour of

Naomizzil, snd named hex satrain N. inecurveta.  Despite the

similarity of theme fungi in the asexual state, the cleistothecia
of esch ie quite distinctive. As all the specles are
heterothallic, experiwments in crossmating showed that intexr-
apecific oromsing did not teke place, 1In 8 recent paper
Stockdale (1963) has shown that it is possible to differentiate
between the'apeciea in the asexual astate and that Szathmexry's
species, which she hamed Ne fulva, is the perfect foxm of
Microsporum fulvum Uriburk which was oxiginally described by

Sabouraud (1910b) and later reduced to synonymy with M. pypseum

by Conant (1941).  Although N. ineurvatse and M. gypsea as

she han nemed Nannizzi's strain are distinguishable from each
othexr Stockdnle found it impossible to decide which of these

species is M. gypseum gensu pirioto.

By mating strains of the dermatophyte . nanum on
unsterilized soil with bhair bait the periect state, which proved
%0 belong in the genus Nonnizegis, was obtained and nemed
N._obtugs (Dawson & Gentles, 1961)., Another new member of
this genus was isolated from ringworm lesions on a squirrel and
originally described as Keratinomycep sjellold by Georg, Kaplan,
Ajello, Williemson & Tilden (1959). Iater this species was

re-nomed M. vanbreuseghemii in the asexual state and N. grubyia

in the perfect state {Georg, Ajello, Friedman & Brinkman, 1962).
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The fungl diescussed so fer within the genus llicrogporum

have been perasitic and capeble of causing ringworm in man and
enimals, However, one specles hag been described by Ajello
{1959) which had been isolated from soil and from smell wild
aningls although none of these showed lesions. Prisl
inooulations of humans and animals alse gave negative resultis.

Ajello (1959) named this fungus M. cookei in the apexual state

snd N, cajetana in the perfect state (1961). Thus, within the
genus Nonnizzia one non-pathogenic keratinophilic fungus and
s nunber of pathogenic species zre knowns

At prasent, rather the converse holds trua for the genus

Arthroderma in which, with one exception, no speociece hag

irvefutibly been proved to be pathogenic. This genus, founded
by Berkeley (1860) for a fungus discovered by Currey in 1854,
was for over 100 years monospecific and only after the hair
bait method had come into genewral use were new ppecles added.
The second specles of Arvthroderms wes named by Kuehm (1960) who,
following a repoxt by Dawson & Gentles {1959) on the discovery
of the perfect state of K. gjellol, re~cxawined culitures made
gome yeors previously from coleistothecia which had developed
on robin feathers and an owl pellet kept in the laboratowy

in a humid atmosphers. In these cultures cleictothecin were
found which, socording to Kuehn, were vexry similar to those of

A, curreyl but distingulshable from 1t by the presence of large
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tuberculate agexunl spored, On account of theose epores Kuehn
named the species A. tuberculsntum,

Prior to the discovery of the perfect state K. slellioed
had been shown to be world-wide in dishribution and had bheen
vevorded from Britain by Daniels (19%54) and Stockdele (1998),
from Austialia by Derle & Frey (19%5) and from America hy Ajello
(1953) to mention but a few of the reports. Heveriholens,
clelatothecia of this species were not observed until horse halr
was used as bait instead of adult human hair. in proving the
connecstion of the cleistothecia with K. ajellol a number of
factorg infiuencing sexuval reproduction were noted and the
importance of the right type of bait in conjuncltion with
unsterilized soil was realized (Dawson & Gentles, 1959, 1961).

Yrichophyton terrvestre, the second of the non~pathogenic

keratinophilic fungi to be discovered by the use of the heir bait
technique, was described from Austyelisn soll by Durle & Frey
(1957) and shortly afterwards from other countries such as
Britain (Stockdale, 1958) and Finland (Lundoll, Meinhof & Rieth,

1960), The perfect siate A. guadrifidum was reported by Dawson

& Gentles (1961) who noted thet cleistothecial formation in this

species, unlike K. ajellol, was suppressed by an lancubatilon

temperature of 28°C. At thie temperature, given the othern
conditions necessoary for sesxual reproduction, wviz. compatlible

mating strains, unsierilized soll and a sulbable balt, 1. terrestre
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formed structures morphologically identical to cleistothecia
but conteining microconidla innteand of ascl and ascoapores,
"Conidial nodules' of this bLype were first noted by Tidam (1880)

when desoribing the fungus which he nomed Ctenonyces serratus.

These structures were figured for T. terrasire by Durie & Frey
{(1957) and described by Griffin (1960) who, on account of their
morphology sugrested that when the perfect state should be
discovered 1. texrrestre would be found to be & member of the

T i ot

family Gymnoascacent.

Simllar structures have been desoribed for some of the
dermetophytes by Matrachot & Dassonville (1900), by Langeron &
Milochevitoh (1930, 1930a) and by Balogh (1963). At a meeting
in 1959 I gave o demonstration of conidial nodules of the
Avthroderms type formed by the dermatophyte Zxdchopbyion gimlae.
Recentlyy the perfect state of this species has been discovered
and the relationehip to Arthroderme confimmed (Stockdsle,
personal communicetion). In view of the evidence of this

dernetophyte and L. tervestre ome moy, with reasonable certainty,

state that the woyphology of conddial nodules is indeed
vrophetic of that of the perfeet state.

Although the majority of the isclatione of non~pathogenic
keratinophilic fungi heve been made from soil a number of these
species have bheen recovered with some frequency frem the hody

aurfaces of wild aninels. MeKeever, Kaplan, Menges & Ajello
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(1958) and MoKeever, Keaplan & Ajello (19%8) investipated the fungi

carried by wild mammals and, in addition to the dermatophytes

. mentasrophytes and M. gypseum, frequenily recoverad the non=

pathogenic M. cookel, None of the animale investiguted showed

clinical migns of vingworm. Maxrples & Smith (1962) obtained the
normal type of I, terrestre from the ventral surfaces of hedgehogs
and considered it to be a contaminant from the environment,

From the faces and quills of a xaumber of animals they isolated a

strain which they considexed t0 be & variety of T. terrvesire.

Becanse this variety wap not found in the soil and was not
isolated from the lower parta of the animale Marples & Swmith
considered that it must be truly a skin resident. 1. terrestre
hag also been reported from a variety of small mammals by
Otdendfiek & DvoFak (1962) who believed it to be a contaminant
and stnted that the species mist be common in the soil of the
animals' environment.

As cunioculi and A, multifidum weve shown by Dawson {1963%)
to be present in soil f£rom inhabiied rabbit burrows but not in
other samples of soil. These species were also isolated from heir
samples from rabblis which sugcentod that they formed & part
of the natural flora of the hair and, despite the laut thot
they were non~pathogenic, were actuslly residents on the
eninals. Because rabbit burrow soil is subesurface soill and this

noxmally containg no keratinophilic fungl, the presence of
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A. ocunieull ond A, muitifidum in the burvows must be attributed
to the rahbite. |

The effoct of the animal populstion on a keratinophilic
fungue in soil was fizst noted by 4jelio (1953) who recovered

the dexmetophyte M. sypseum more frequenkly from areas in which

animels were prosend.  Duvie & Trey (1082), wepevting the
results of soil surveys in Australia and New Gulnea stated that
the hiphest ylelds of Keratinouphilic fuﬁgi were Obltained from
srene srgociated with man oy animals. However, no studies

designed to prove or disprove this point have yet been undertalken.




MATERTALS & METHODS
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VATERTALS AND MLIHODS

MEDIA
The following agar media distributed into slants ox petrd
dishes were used in the isolation, study and maintenance of

etrains of kervatinophilic fungi during the course of this work.

g%'malt extrect sgax

Extract of malt (Boots) 40z,
Agax (B.D.H. shredded) - 20g.
Distllled watexr 1000m1 .

Preparations- The ingredients are mixed and afier heating to
dissolve the agar the medium is distributed into containers
and sterilized at 15 1bs/sqg.in. for 20 minutes. pH

unad justed 5.2. -

A% malt extract sgar supplomented with actidione (oyeloheximide),
penioillin and streptomyein

Extraoct of malt (Boots) A0g.

Agar (B,D,H. shredded) 20&.

Distilied water 900ml. ,

Aotidione (oyoloheximide) ©+58. dissclved in 100ml.
Sterile water

Penicillin 20 unite/nl.

Straptomyoin 40 units/ml.

Preparationt~ 4% malt extract sgar is prepoged end after
sterilization is cooled to approximately 50 C and the
antibliotios added aseptically before distributing into
sterile containers. pH unadjusted 5.2.

Gluocose peptone agar

Glucose idextrouo) 40g.
Peptone (Oxoid mycological) 108
Glucoss sdextroao) 20g,
Peptone (Oxoid mycologloal) 1000mL.«

Agar {B.D H. shredded)



Preparations- As for 4% melt extract agar. pH unadjusted 5.8.

%% peptone nger
Peptone (Oxoid mycological) 308
Distilled water 1000m1 «

Preparationt~ As for 4% malt oxtract agar. pil unadjusted 6.5.

Czapek Dox'ggar

Oxold Czapek Dox agax
granules {(CM 97) 81 e 4o
Diatilled water 1000ml .

Preparations~ The granules are dissolved in the water by heating
gently and afier distribution the medium is awntoclaved at
10 1bs/Bgs in. for 20 minutes, pH unadjusted G.8.

Uzapek Dox 1% veptone sgax

Preparations= As for Czapek Dox agar with the addition of
1% Oxoid mycologicsl psptone. PH unadjusted 6.7.

g@ tap water agsx

Agax (Bl DoKe ahredded) 208
Tap water (msoft) 1000ml.,

Preparationt~ As for 4% malt extraot agar. pH wnadjusted 6.6.

Dung extract agsr

Preparations« Horse droppings sre thoroughly mixed with an
esqual volume of tap water and the mixture filtered, first
through several layers of gauze and then through coanse

filter peper (Greents hyduro 904). The filtrate is diluted
with an egual volume of tap water (soft) and sufficient melted
agar added to give a final concentration of 2%. The

mediuvm is distributed ihto containers and sutoclaved at

15 lbs/mq. in. for 20 minutes. pH unadjusted 6.4.
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Complete medium {Pontecorve, Roper, Hemmons, MacDonold and
Bufton, 1953)

Ag oomplete-quium was used only infrequently and was
uneconomical to prepare in the small amountes required, the
prepared medium was obtained when needed ﬁy the ecourtesy of
Mre T Féx%ee, Genetice Depariment, University of Glasgow.

Minimal Medium asolution

Sodium nitrate 6g.
Potassium chloride 0s52g.
Magnesium sulphate (7HpO) 0,52
Potassiun di-hydrogen phosphate 1.52g.
Iron & Zinc traces
Dextrone 10g.
Distilled water 10G0ml .

Preparationt~ The pH is adjusted to 6.5 with NaOH before
sterilization at 10 lbs/sq.in. for 10 minutes.

B vitamin solution

Riboflavin 10mg.
Nicotinamide 10mg.
Ps aminobenzoic acid lng.
Pyridoxin-iCl Bmgy e
Aneurin~HC1 NG v
Biotin 0.02mg.
Distilled water 10ml.

Preparations~ The ingredients are weighed, dissolved and the
solulion Koch sterilized.

Complete medium

Minimal medium solution 1000ml .,
B vitamin solution inl,
Difeco Bacto peptone 2g.

Yeast extract (yeastrel) 1g.

Cagelin hydrolyzate Bl 4
Acid and alkali hydrolyzates

of yeast nuclelc acid 3mle
Agar (Davies powdered) 15g.

Preparations- The pH ig adjusted to 6. The agar is dissolved in
the minimal medium solution then the other ingredients are added
and the whole filtered through asbestos pulp and stexrilized at
10 lbe/sq, in. for 10 minutes.
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MOUNTANDS

Lactophenol, and lactophenol with cotton blue or light
green added were used in mioroscopic examination of halrs
bearing fungi, of poxrtions of fungal coloniepm and for mounting
slide oulitures. Specimens taken from experimentally inoculated
animale were examined in Potessium hydroxide solution.

20% Potassium hydroxide solution

Potassium hydroxide 20g.
Tap water (soft) 100m1,

Preparation:~ The caustic is carefully dissolved in the water,

- Cotton blue in lactophenol

Cotton blue (Gure, 0788%5) | 0.05,
Lactophenol 308«

Preparations~ The cotion blue is added to the lactophenocl and
left at room temperature for s few days before filbering.
This stock solution is further diluted with lactophencl
according to the degree of stalning reguired.

Light green in lacltophenol

Light green (Gerrard) 0405
Lactophonol 30g.

Preparations«~ As for cotiton blue in lactophenol.
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THE EFFECT OF BNVIRONMBRTAL CONDITIONS ON PHE DEVELOPMENT

OF THE PERFECT STATES OF KERATINOPHILIC FUNGI

A series of experiments were carried out to investigate

the effect of variation of the environmental conditions on the

formation of the perfect states of a number of species of

keratinophilic fungi. The factors investigated weret-

1.
2
3
4.
e 1
6.

Bubstrate

Sterility of the s0il bace
Nature of keratinous bait
Temperature

Light

pH of substrate

Care wag taken t¢ engure that all envircnmental factors

except the one under test were constant. A pubstrate of

uncterilived soll with horse mane or talil hair belt was used

except in experiments involving ager medium, bait type or the

effect of sberilizmation of the soil.

25

ivery experiment was run

in triplicate using an ilnoculum of 2 compatible single ascospore

strains of each of the keralinophilic species Keratinomyces

ajelloi (Arthroderma wneinatum), Trichoobyion terresire

(As guadrifidum) and Microsporum gypseum (Nannizsia incurvata),

The straine were conserved on 4% malt extract agar (p.21).

For experiments involving agar medie 2 point inocule of the

competible single ascospore straine were made % to % inch apart
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on the medium in Petrl dishes or test tubes. The media tested
were 4% malt extract mgar, 3% peptone agar (p.22), glucose
peptone sgar {p.21), Czapek Dox peptone egar (p.22) and complete
medium (p.23).

Vihen soil or other such substrates were usq@, the inoculum
consisted of spore-mycelium suspensions of the single ascospore
ptrains prepared by macerating the growth from an agar culture
in sterile walter in a tissue grinder. The suspensions wera
made to such a concentration that they appeared opague and 1 -~ 2ml.
of esach of bthe compatible strains wes disptributed with a Pasteur
pipette aver the soil surfase and bait.

Keratinous materials and goils which were 4o be usged
unsherilized were tested before use to ensure that they were
frae from keratinophilic fungi. For soil,this was done by
thoroughly mixing “he sample before preparing 3 Petri diohes
(3% in. diameter) and baiting. If, after 2 - 3 weeks'
incubation, no keratinophilic fungl were seen on the bait the
pample was deened negallve for keralinophilic fungi and suitable
for use. Keratinous muterials were tesbed for sterility by
placing on "negative" soil and incubating foxr 2 -~ 3 weeks.

Boil was stevilized by autoclaving at 20 lbs/sq. in. for
one hour on each of 3 successive deys. In the early trisle it
wap noted that sierilized soil rapidly btecame contaminated by

saprophytic moulds desplite all reasonable precauntions. To
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prevent ithis, each Petri dich of soil was baited then the part
gontaining soll and balit was tied into a oellophane bag and the
1id replaced before antoclaving. The cellophane.was left in
place throughount the experiment and the spore-mycelial suspensions
were intreduced by mesuns of a hypodermic syringe.  Some samples
of sterilized soll were artificially contamineted with saprophytic
fungd and/or becteria several days befure the keratinophilie
fungl were inoculated.

411 keratinous meterials were cut into suitebly sized pieces
bofore sutoecleving at 15 lbs/sg.in. for 20 minutes. Blaok horse
mene or tall hair was used in all experiments other then those in
which different baits were investigated. Herse, dog, cat,
rabbit, guinea pig and human bair (adnlt and child) were tested
a8 bait as were fesbthers, cow horn, nail parings, skin, egg
membrane and hoof and horn mesl. As well as examining the
relative efficiency of the diffexent types of keratinous materials
as balb, the effecis of sterilization, colour and age of the animal
on the efficiency of certain typesr of hair was also investigated.
Horse hair treated by extensive ether extraction was compared
with that subjected to water extraction™, Untreated horse hair

wan used as & control. Growth of the 3 test species on

—. -

X The waber extraction was carried out by Mr. M. Baxter, Unit for
Research on the BExperimental Pathology of the Skin, Yhe Medical
Schouol, University of Birmminghewm.




28e

keratinous materials in the absence of moll was investigated
by placing the baits on molst £iltewr paper or on an inext
moisture-retaining irart base such ap Poralite™.

To study the effect of lipht on cleistothecial formation,
baited soil plates were inoculated and then enclosed in aluninium
feils,  VWhen prepared, all plates werve placed on a shelf helow
8 strong conastant light source and incubated at room tempersture.
A comparstive estimate of the amount of light penetrating each
filter was made using an exposure neirs.

The effeet of temperature on the development of the perfect
states was gbudled by incubation of plates al a range of
temperetures from 4 « 37°C in the dark. When the species did
10t grow or did not form clelstothecia at mny of these temperatures
the plates were transferved to 24°C after the period of incubetion
at the original temperature. 'The incubation temperature for all
other experimente was 24°C,

Unsterilized sand in conjunction with buffer solutions was
uced to study the effect of pi on growth and cleistothecisl
formation. The buffer soluitions were NagHPO4 in M/L5 solution

and NeHpPOy in M/15 solution and by mixing these a range of

b
ey

% Menufactured by Yhe British Gypsum Co,, Cocklakes, Carlisle,
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buffers of varying pil valuea were obbtained. pH values from
4.6 t0 9.5 were tested., CGrowth on various seoil types was
investigeated using a series of "negative" seils selected

for their geological natures

w With the asalstance of Brs Jurdine, Deﬁartment of Qeoclogy,

University of Glapgow.
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COLLECTION AND PROCESSING OF SAMPLES

SOLL GANPLEDS

Sourcesn

At first, samples were selected at random but later
pampling was more selective and tended to be confined t0 areas
asgociated with animale guch as farm yerds and animal brrrows.
In addition, soils of differing geologioal types were

selected,

Gollection

At the time of eollscotion the district, soll type and
animal cesociations of the sample were recorded together with
other velevont information such as if the sample were from
woodland, arable lend etc. Samples which were of the
magnitude of a large bandful wers placed in polythene bags for
transport ond storage. From animal burrows gamplesy were talken
from the mouth of the burvow end from immediately within the
tunvel. Signn of use such ag the presence of tracks and

droppings were noted. A few semples were oollected by friends

and oolleaguen who were asked to follow this procedure.

Preporation of gemples for incubstion

In the leboratory 3 stevile Petri diches (3.5 in. diametexr)
were half filled with soil fwom each semple and, if necessary,

pterile water was added to moisten it before baiting. The
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keratin balt voed as & roullne wag hatr whiobh had boeen aut into
approxinately & inoh lengthe sod stexdilized by suboclaving at
15 1bs/syeine fou 20 mimtes,  An experievice had shown thut
horao wone or $ail heldlr wae a most sebicfactory boid, this was
used ag & routine altboush other haly (.o« guivnes pig or ochild),
feathore or hown were, wher it was considexed adviuable, used
Por comparioon in one of the 3 slatosne The selested balt was
ledd on the sunface of the sodl but was nob proueed Into it.
Litenple vere alpo wade o iselede keretinOphilic fuangi
by placing o Yhin leyer of soedld in o Pabtrd dish and oovering 4t
with melted, eenled, rterile 25 water wrow (p.22) before balting
the ouefacse with otexdls havae hedr. The sethod described by
Grr (personnl c&mmugim&tiwm} whioh coneists of placing sinsgll
fragments of soil on the suarfaca of 9 water aser in o Petrl
dioh and palting sooh Lrogmont with kalry waw wsad oovasivnally.
Bodl sanples were mixed with "megotive” sand vafore balbing.
4 Pew samples were aloe investignted by plating eater dilutions

on 4% malt emtrect spey supplemonted with asodidbioties (p.21).

Aninal balp, foathers, gqulills ote. found dedsclisd or taken
dizectly Creom bhe deod anlaosd or bird wore aplleeted in folded
paper or in Peblri dishes sod were invesntigated by placing on

the surfage of wolstensd sand vw s0dl vhiceh hod previously beosn
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proved free from keratinophilic fungls; by plsoing them on an
inert moisture-retaining subsirate such as Peralite and/or
by lnoculating directly on to agar medium supplemented with

entibiotics.

BIRDS' NESYS

Phe keratinous materials from birds'! nests were treated as
were samples of hair and feathers but the straw, moss and mud

weve moistened with sterile wabter and balted with horse hair.

Before processing, materials other than so0il or the like
vere oxemined with a plate microscope fox the presence of
fungi. If auny were obgerved, @ portion was mounted and
exanined microscopically and the characteristics noted. In
such cases direct inoculations were made on agar media in
addition to the routine treatment.

Por gll specimens the lemperature of incubation used as
& routine was 24°C as earliex studies (Dawson & Gentles, 1961)
had shown that st higher temperatures cleistothecial formation
by cextaln epecies might be adversely affected. Towards the
end of this work it was found that for certain fungi even this
temporature wap too high and therefors at least one plate weasn
left at room temperature (12 - 20°C). Occasionally, for a

specific reason such as selective igolation, & sample was




ineubatbed at 26°C and 34°C in addition to 24°C.

Afber H - 7 days! incubaiion all plates were examined
with the neked eye and undsr a plate mioroscope (X 17.5 & X 35)
and thereafier at intervals of several days. At the early
examinations the relative amounts of the various fuagl present
wos estimated because, afber this time, the move stroagly
grovwing gpecles texnded to colonige most of the available bait.,
Boite colonized by fungi were molected under the plate
miaroscope for microscopic examination snd for culture.  For
nioroscopic examination fragments of bait beewving kervatinophilic
fungi were tranaferced with forceps directly to o drop of 95%
aleohol on » slide to remove npir. The wountans was added
sarafully, disturbing the growth as little ap possible. Seniw
permanent mounts were made by riaging wlth gold size. Tor
culture selected balt fragmenis were felded into slipe of paper
and allowed Lo dry out for at least 24 hours, VWhen inceulating,
the material was divided inte omall fregments (epprox. 2mm.long),
at leagt 12 of which wero plocad on agar media, 4 inocule pex
slope. The isolation medium wap 4% malh extract agar (p.21)
end this medium supplemented with actidione, penicillin and
streptomycin (pa.21). Actidiona, at the concentration used
hag little or no effect on the growth of Earatinuphilic fungi
(Kuehn & Orw, 1962) out is fungistatic to ssprophytic moulds.
When difficulty in isolation was encountercd other media such as

glucose peptone (p. 21) =nd Ozapek Dox peptone (p.22) were
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used in uddiﬁioﬁ o 4 malb.

The oxlginel Petel dlahes fwom all ganples were retalned
for a mindmun of 5 weeks and, when 1t sosmed advisable, for
an Long ad 3 monthe, Bafors disocarding, all plates were given
a coreful Dioal exawimation o malks sure that wo slow-growing
fungl or bolatedly formed eleistothecls were overlooked,

Sowe samples of sodll were faound te be heavily infosted
with mites and other inesects which destroyed the fungl.
sueh plates were trected by drsting the surfsce of the soil
and bait with Gummoxane™ which hed 1itile or vo effect on

the growhh of the fungi but wes lethal fov the insects.

® I.C.%I, Pharmaceuvticals Division, Wilmslow, Cheshire,

Bngland.



MICROMANIPULATOR

Vhen it was desived to make ouwliures from single ascospores
or from single asexuanl spores a Singer micromanipulator (Barer
& Saundemrs-Singer, 1948) was used with & glass loop (approx.

40 « 50n dizmeter) as the micro-instrument, The light source
wvas a point o' light at a distance of approximately 9 inches
from the mirror of the microscopes. Blue and yellow filters
wore used to reduce the light intensitly because it had been
suggested (M. Forbes, personsl communication) that over-sirong
light might render spores inviable.

As shown in fig. 1, g glass ring with sbout % of the
civoumference removed was cecmented to a glass slide thus
allowing access with the micro~loop to a coverslip placed on
the upper surface of the ring. Spore suspensions were
prepared in a cavity elide by grinding cleisiothecia for ansoospores
or a fragment of a colony for asexual spores in a few drops of
sterile water to which & drop of a 2% sterile solubion of the
wetting agent Tween 80™ had been added. A droplet of this
suapeusion, diluted to give a workeble density of spores,
wag placed on a coverslip and thip was set, drop downwards, on
the upper surface of the glass ring. The micro-loop was then

A

@ Honeywill & Ste{n Itdey Devonshire House, Mayfair Place, Z//

London, W. Le



36,

ralged into the puspenslon apnd when a spore was trapped within
the loop and held therxe by surfece tension the loop was

lowered, the covexwelip bearing the suapension removed snd
replaced by one bearing e swall drop of agar medium into which
the spore was placed. Thig coverslip was placed over a

cavity containing a few drops of wabter in a sliide and the whole
put dnto a Petri dish end incubated, The lnonbation
temperature used as o routine was 28%C but thin waos varied for
spores which proved difficult to gsrminate. VWhen growth became
vigible on the ager, which wes uwsually within 4 %o 6 days, the
poar drop was transferved to an agar slope. Foxr c¢ertain fungi,
in which epore germination btended to be alow, a refinement based
on a teclhnigue described by Cox & Devan (1961) was developed.
The ager drop was placed on a smell squere (approx. Smm.) of
wat gberile ¢ellophane which had previovely bsen placed on the
coverslip., After inoculation the cellophane bearing the egar
wap transferved directly to an agar slops, The media used

were 4% malt extract aga& or Czapek Dox peptone sgaxr,
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STUDY, OF KERADINOPHILIC FUNGI

Pungl isolated in the course of this work were studied

by some or all of the following methods.

Growth on sodl with keratinous bait.

This technique was used with severel cims in view.
aj To study fungl in the absence of competition from other
keratinophilic fungl on "aagative soil with hair bait.

b) To ascertain if fungi, isolated by methods other than hair
bait, weve capable of attacking mund colonizing the bait.

8) By menmna of mingle ascospors isolates to teet for
homothalliem or heterothalliemj B0 reproduce the perfect state
and for ettempted interspecific metings.

d) In sttempts to obtain the perfect stzote of ampparently
asexual streinse.

¢) As a means of maintaining fungl espeolally those forming
aleiatothecin.

One simple techniqus forr inodulation of the soil with pure
cultures was uged for all the sbove aime and has already been
described (p.26), Oultures from single asvospores were
tested for homothallism or heterothallism by inoculahing
sugpengions alone and in all possible combinations off palrs.
Single asoogpore strains of hetervothallic fungl were used %o
attenpt to induce c¢leistotheclial formation in mtrainas which

had not formed the perfect state in primary culture. Mating
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with single ascospore straing vas also used for atlempted
interspecific crossing in those specles which sppesxad to be
clonely »elated in the aseaxual aend sexual states. VWhen more
than one isolate of a speciees for which only the imperfect atate
wa8 known was obialoed, these were mabted in combinations of
pairs on poll with helr bait in an effort to induce formation

of the perfect staie,

Growth on haiy alone

This technique wag used to
a) Confirm that e fungus was capeble of attacking natural
keratin.

b) Study the method of attack.

The technique used was that described by Vanbrevseghem (1949)
in which er unsterilized hair, usually human, is stretched
vertically across a bent glass rod to which it is sealed with
& Arop of wax. After inoculation of the haix with a winute fr
freagment of growth from an agar oulture the glases stand is
placed in o covered receptacle containing waler to maintaln
& bumid atmosphere snd incubated at 24°C. The hairs were
aocunted end exsmined wicroscopilcally after 10 and 20 days.

Simple varlstions such as laylag the hailr or other source
of kevatin on the surface of 2% water agar (Griffin, 1959),

or placing the hair on an inert moeisture retaining subatrate
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such ag Peralite or filter paper were also uned.

Iung extract medium with holr hait

This wae used in preference %o bhalted aoil foxr culture of
members of the family Eurotiaceae and for certain apecies of

the femily Gymnoascacoae for whioh the soil hair balt method

was not ooupletely satisfacooxy.

Ager medla were ugsed to
a) Connexve fungl in pure culiure.
b)  Study gromp colonial charascteristica of isolates.
¢)  Study micromorphology of the asexusl state of isolates.
d) fStudy the effect of temperature on growth.
e) Attompt to induoe sexual rveproduction in arbtificial culture.
Cultures wewe.kept on 3% peptone agar (p.22), Ozapek Dox
poptone agar (p«22) and 4% malt extract agar (p.21) but mainly
on the latter 2 medla which experience had proved to be more
satisfactory. Groas colonial charvacteristics were studled
on a number of diffexvent media but those most commonly used
were 3% peptone, glucose peptone (p.21) and 4% malt extract
X0 o8 Slida cultures were made on these medis. The above
media snd Complete medivm (p.23) wero used in attempts to

obhtain nevfect states,
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Unleosn weevifipnlly eotabed osthomdpe, the enfunls noed
in pathogenloily expovinents wexe albine geinen pigs welghing
approviaately R0UgZs  Haoh codmml won toged eeparstelys  The
aninel was shoved on shouddsr o flank, seseified gantly with
& sealpel wiads snd the aite of ssarificntion modstiencd with
a drop of water befors the ducwnlum was rubhed dn. The incculum
conuistod of sboot gom. sgtere eul from pn pare culivxe on agar
moddin.  Vhe celdure weg ehoson b en emt whoss 1% was opoxing
hoovily, The dnovndoled glde way oovered with elastoplast
which upunlly ceme off naturaildy widithin § doyw hut, AL not, was
vemoved at thet time. This method hoess i thils laboratory, been
shove o be wory sucoedsinl I Lndnedng dormatophyts dalactions
in goines olgs. The sodasls vers exnined on the Sth day and
at inftorvels of soversl daye dheyesiowr. At gaoh axaoinstion
e shave of dPhe lnvonlation edie e bobod aud,y 30 4% scened
advionble, wsoalen and 24208 wene removed for oxaminotion. |
Miozeanorle sxaninntion was carvied out afbey cloariang the
poalos aud heley v 202 pedaseiun hydroxide golution.
Boeanas keystinophilic Luaugd pexains o lowg pevicde at the
glte o Inveplation swtiv-goliuges wave mode only when the
gampda vad ptudtive on nicrercypde exatdnakion or 4 definite

Toeian San oael
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THE BEIFFECT OF BRVIRONMBNTAL CONDITIONS ON PHE DEVELOPHENE

OF YHE PERFECT STATES OF KERATIFOPHILIC FUNGI

Sexual reproduction by the test speclies on sgar medium
was unsabtisfactory, eleistothecis forming sporadically or not
&t all. Repults wers slightly hetter when complete medium
was uged but were still not reliable enough for routine use.
It wes noted that culture in test tubes gove bhebior resulis
than cnliure in Petrl dishes.

Clelstothecin of the 3 species formed profusely and with
regularity on unsterilized soil in conjunction with a suitable
balt, On sterilized soil sexmal reproduction was inhibited

or much reduced. The ppeoies most adversely affeoted was

K. sjelloi. The perfect states of I, terrestire and M. gypseum
did develop but in mch reduced numbers. Claigtothecial
production by the test species was considerably improved when
an ertificial flore of seprophytic fungi and/or bacterie was
introduced to the sterilized soll before the iuvoulation of the
kexratinophilio fungi and the results almost equalled those
obtained when unsterilized "negotive soil was used (plate 1).
No perfect stsates were obiasined although each of the 3

species grew strongly when beite such ag hovse hair, cow horn
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and fenthers, which in conjunction with soll gave good
eleigtothecisl formebtion, werse used alone as the growth
subntrate. Rimiler negative results were obtmined when these
kevatinous meterlials wore placed on an inert basge such as
Perslite to gimulate the conditions of bait on soil.

The efficlency of different types of keratin as bait
varied considerably and was most marked on examination of

cleigtotheciul formation. The moet satisfactory hair baits

Q2

were found ta he horse mane or tail hair snd the hair of cexrtaln

children. In effi¢lency these were followed by hair from
guinea plgs and poodle doge on which reasonable growth and
eleistothecinl formation was noted for each species of fungus
testod. The leasd patisfactory were xebbit, ouat and adulit
human hair which gave reduced growth and cleistothecial
fowrmution. Bterilization did not affect the efficiency of
any beit nor did pigmentation. This was ghown by the similar
rasults obtainad from bleck and white hadr from horse, calt and
poodle dog.,  Horse hair eubjected to Intensive exitraction
with water or ethay 4ld not differ in efficlency as balt from
untreated material. Halrs from horses and gulnes plgs of
different ages were tesbed and found to be equally sabiufaotory
but this was vot o0 with human hair.  Adult buman hair was
invariably = most unsatisfactory bait material. Child's

halr wag, in general, good but hair from some children proved




batter than that from others. Hecaunse of lack of numbers,
no correlation of this difference with hair colour or the age
of the ohild was poseible.

Of the baita other than halr, feathers geve good vesulto
s did shavings of cow horn and nall parings. It was notbed
that horn and nail were atlacked more slowly than hailr, Hunan
pkin and hoof and horn meal were unsatisfactony beceupe, apert
from baiﬁg broken down rapidly, they tended to besome heavily
conteminated by meprophytic fungl and bacteria which made
exaninetion and isolation of the keratinophilic fungl difficult.
Tgg membrane was the least eatisfactory type of bait. It
often completely resieted stiack By keratineophilic fungl and,
even when attacked, gave only mimimel growth,

The effect of temperature of incubation on érowth and
gexual repxoduotion of the apecies tested is illustrated in
table 1 and plete 2. Each.epecies wag able to colonize the
hair bait over e fairly wide mange of temperature githough this

differed for esch species. At 4%, growth of T. bterresire

wae evident on the halr balt whilst the growth of the othern
gpecles wag minimsgl. No reason for the failure of M. pypseum
to grow at 10°C csn be given because when transferred to 2400
the plates showed good growlh. Unfortunately, it was not

possible 10 repeat this experinent., At 34°¢C, growth of T, terresire

andt K, ajellol was inhibited whereas that of M. sypseun was not.
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Sexnal veproduction paralleled the resulis for growth but
took place over a mores rogiricted temperature range. The

maxinum temperatares ab which the perfect states of M. gyoseum,

K, ajellol and T, terresiree developed to maturdiby wene 30°¢, 26°%
and 24°C respoctivaly. At 30°C Ke sjelloi formed sboritive
cleistothecls covsisting of » peridiwnm bul lacking asciligerons
contentn. T, terrestrve at 289C formed conidial nodulec (Dawson
& Gentles, 1961) =nd at %0°C only much restricted growth was
vigible, At the lower temperatures, after 12 wesks! incubstion .
at 4°C only T, terrestre formed the perfect state and these were
immatura. o perfeot states were formod by K. ajellol at 10°C
or by W, gypseun at 15%C. .
Whon pletes in which no growith or sleistothecial formation
wae apparent were transferred to 24°C all apecien from low
temperaturen developed well and formed the pexfect state.
Culturen from 34%C eleo geve noxmal growith with cleistothecial

formation ot 249C.  After inowbatbion for 4 weeke at 3790

Ma gypeeunm grew well and formed cleistothecla at the lower

tenmpereture whilst X. sjelloi and £, terrewbtre did not grow.
It was fovnd thet exposure to 37°G for approximately 5 weekse

wanz lethald foxr T. terregsire and from approximately 4 wocke for

Ee sjellol, ¥, gypscun was able to survive this temperaturve

for pericds in excess of T weeks.
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Constant brdight light markedly reduced clelstothecial
formation and to a lespor exbtent the growth of the 3 species.
Differences in the numboars of cleilstothocia ware noted when the
opecics were exposed to colonred lighi. In yellaw, orange,
rad snd green light cleistothecds fermmed an profuvely ag in
darkneas dbut this was not po in white or blue light.
Honsvremenls of the smount of light penetyrating the coloured
filters showed thet less light penetrated the blue filtors and
therelore that the wavelength of the light was the faotor
inhibiting eleistothecial foxmation. K. aijellod proved to be

move sensitive to light that M. gypseum or T, terrestre.

The 3 specles tolerated a wide pH ronge; each grew well
ond. formed cleigtotheeia from pH % to 8, This fiadlng was
supported by the wide wange of geological types of soll from
which keratinophilic fungi were isolated ow on which they
ware suceespfully cultured. Only peal, which iv highly aecld,

was unsatisfoetory.

Conmment

Ag o regult of these studies the conditions likely to be
moat sulteble for isolating bthe test and welaited spegies end
for obtainiug their periect states have been nowe clesrly
definad.

The leest cvitical of the envirommental factors effecting




46,

the irolation of keratinophilic fungi and the formation of
their perfect states in soil haixr bait culture are the pH and
moipture content of the substrate. It was shown that a wide
pl range wes wall tolerated and, in addition, the test species
were successfully isolsted from,or cultiveted on,geological
types of o0il ranging from sand to peat., Only peat proved to
be unsuiteble. In the course of isolation woxk 1t was noted
thet excess water was not detrimentsl dbut whon the watexr lavel
wap reduced to such & degree that the atmosphere within the
Patrd Qish was no longer highly humid, growth was wvestrioted.

Alshough strong light reduces the smount of keratinophilio
fungl isoleted (pletc 3), under laboratory conditions this
faglor is not liable to affect either isolation oxr the formation
uf perfeot statee. However, it seems feasible thst light may
be partially responasible for the pasuolty of reports of poerfect
etates of these speciles having been found in natvre. It was
shown in the laboratory that light affects A, ourreyl in the
same way as it doos the test species (plate 4). However,
clelstothecin of A, currveyi have been found dut it is interesting
that in 3 inptances when the site of discovery was mendioned
(Currey, 18543 Salmon, 19003 Marsh, 1924) thie was a wood where,
in all probabllity, the light Intensity wounld bo low. It might
be argued that the reason for the discovery of A. currveyi in

the perfect state in nature is because this specien 1is
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honothallioe owever, hetercthalllc opeciean are frequoently
obieined in the perfoot state in primary lsolation plates eo
heterothallisnm is not the complets renson for falluze to find
these spocies in nature. Stockdals (personal communication)
reported claistothocia of various species of keratlaophilie
fungl growing on a dead cal found in & hnllaw‘log and the
porfect astate of I, terrestre was found in an 0ld nest in a
ghaded pugition. These facte suggest that ia redused light
sleistothecin will form in nature,

Bacauaa the type aof bait selacted may aifect growth and
cleistothecial formation it is advisable to use a balt of
provaed efficiency, auch as horse or child's hair, for at leant
one of the % Petrl dishes uvged in each attempied isolation.
Good bait materiale ueually give good growth with all aspecioes.
Howaver, on poox baite individusl differences hotwean fungi
nay be noded.  Albhough Al cuniculi and A. multitidem which
were ohovm 0 be asspclated with rabblts (Dawson, 1963) grew
equally well on rabhit and horse heir the test species grew
poorly on vabbit heir. Whis fact might be used in selecotive

isolation of A. gunicuii and A. multifidam from soll. No

othexr such correlation of a fungal species with a perticular
type of bait has been noted although Jdermatophytes sucsh ae
M. canis which are generally aesoclated with a particunlsr

animal heve been ocultured on the hair of that animal and on
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horse hair.

Hair is the most satisfactory type of balt material
bocouse it 1s easily diutiibuted over the soll surface and
lies in ciose contact with its When oolonized, the removal
of selected portions is easy whereas with baite other than halr
thig may be difficult and good mounis for microscopic
examinetion arve almost ilmpossible t0 prepare. Nail and ocow
horay because of their durability under attack by keratinophilic
fungi, arve useful as baits for iong temm conservation of species.

Whatever the factor which controls the efficiency of a
balt it is uwnaffeoted by colour, sterilization by autoolaving,
extensive extiractiion by water or ether or, with the exception
of man, agea.

Beonuse different species of keratinophilic fungi grow
over gslightly different {emperature ranges, selective isolation
can be oarxied out, [For exaumplie, low temperatures are to the
sdvantaege of I, derrvestrs and higher tomperatures to the
dermatophytes, X. sjelloi, bsoause of ite ubiquity and
rapidlty of growth is often & hindrance to other isolation.
it proved possible to isclate M, oanis from soil to which it
and K. ajelloi had been inoculated. Incubation at 249C and
28°C yielded only K. ajelloi but when plates were held st 37°C
for 7 days before inoubation at 249C the amount of X. ajelloi

present was reduced end the dermatophyte was easily isolated.
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However, this procedure asnd that of incubation at 34°C hes not
yet, with neturgl soil samples, led to the isolation of any
specles not obtained from the control at 24°C,

Outbreaks of ringworm caused by %he geophilic dermatophyte
M, sypseum have been reported among cucumber greenhouse workers
by \11%?%‘%%4), Alsop & Prior (1961) and Klokke (1962).
goil from outwith a greenhouse yielded mainly K. ajelloi with
some M. gypseum whilst the same soil after a perdod within the
greenhonase gave M. gypseum in vintuslly pure culture, It seems

possible that the faoctor responeible for the dlsappearsnce of

K, gjellol and the corresponding increase in M. gypseun was the
temperature within the greenhouss. For growing ocucumbers, it is
recommonded thot the temperature should not fall below 21°C

and mey with safety be allowed to rise to 32°C which is above

the optimum for growth of K. _gjelloi buv well within the xange
for M. gypaseum.

Temperature might also explain why M. gypoews has been
infrequently isolated in goll surveys in this country such as
was done by Stockdale (1958). In countries in which the temperature
reaches higher levela such as Australia and the United States of
America meny isolations of this species have been mede (Durie &
Frey, 19555 Ajello, 1953, 1956).

With T, terregire the effect of tempermture is particularly
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interesting. At 28°C, compatible mating strains which would
form clelatothecis at 2400, produce instead conidial nodules.
FPor the specles in whioh it has been possible to compare
clelstothecia with conidial nodules these have, with the
exception of the contents, proved to be morphologicelly
identicel to the cleistothecis. Thus, as suggested by
Griffin (1960), from them one mey well be able to prophesy the
form of the perfect ntate.

The importance of unsterilized soil to 61aiatothaeia1

formation by K. ajelloi (Dawson & Gentles, 1959, 1961) ie

re~emphasized despite the fact that repoxrts of perfecf states

of kexratinophilic fungi on sterilized soil (Stockdale, 19613
Ajello, 19613 Georg, Ajello, Friedman & Brinkmen, 1962) would
appear to contradict this. Wot all species are equally
execting in thie respect. VWhile many species will form the
perfect state on sterilized soll, other species such as K. ajellod
and M. fulvum (Stockdale, personal communicatioﬁ) only rarely

do. Soil which has been sterilized provides an ideal subsirate
for mould growth and rapidly becomes non-gterile even when
particular care is taken to keep exposure o & minimume. It has
haen shown that such re~contaminated soil approadhes unsterilized
soll in efficiency as a substrate for cleistothecial formation

by certain species of keratinophilic fungi.
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ISOLATION OF KERATINOPHILEIC FUNGE FROM S0IL

The wesults from 258~samp1es of goil investigated fox
keratinophiliec fomgi by Vanbreuseghem's hair bait method (1952)
are given in tables 2, %, 4, 5 and 6. The samples have been
grouped into 3 main cabegorles besed, as accurately as pesslble,
on the degree of association of animal life with the areas in
which collectionn were made. Within each estegory the samples
have been grouped according to the type of animal with which
they were associnted {e.g. rabbits) or the environment
{eege farmyard).

In table 2 detaile are glven of the numbexs of moil samplea
inventigated within each category of animal asssociation. It
will be seen that of the 236 samples investigated 171 (71.8%)
yilelded one ox more species of keratinophilic fungi whilst
67 (28.1%) were neguiive. There ie a progressive decrease from
87.2%rpaait1ve in samplesn with well-marked animel apsociations
to 19.1% positive in samples with minimnl animel essociations.
The nmumber of different species of keratinophilic fungi isolated
also anppears to be related to animal density. Sixteen
different speclesiwere reocsvered from areas markedly sssociated
with snimals compared to 6 and 4 from samples with moderate and
minimel animal ssgociactions respectively. When each different

keratinophilic fungus from & sample is counted as one isolate




it will be seen that in samples with wellemarked and moderate
animal asscociations the figures ave conglderably higher than
those for minimal animal assogistions.

In table 3 the sites from which soil samples were collected
are detailed and the information in table 2 is recoxded for each
site eampled. The wepults Ffollow the trend set by the composite
resulte (toble 2), In the samples wiih marked animal assooiations
only those from raebbit burrows show a relsatively low proportion
of positive results. No kerabtinophilic fungi were isolated
from "woodland & moorland",

An effect of the presence of animel life on the keratinophilic
fungel flora of the soil is shown in table 4, in which the number
of pamples giving vise to one oxr more spscies of fungus is
recorded. Four keratbinophilioc species were recoveXed from each
of 4 samples collected from areas with well-marked animal
aaeociatiéns. Three species wore the maximum obtained from each
of 4 sasmples with moderate animsl associations and 2 species from
one spample with minimal animal essociations. Two and more
species were isolated fxom 43% (30% + 10% + 35%) of the samples
with well-marked animel assooiations compared to 27.7% (19.1% +
B.6%) and 1l.1% from samples with moderate end minimel animal
aasociations'reepeotively. This isolation of more than one
species of fungus from individual samples 1o the reason for the

high number of isolates recorded from soils associated with
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enimels (Lable 2).

The species of keratinophilic fungl ieclated ave given in
table 5 and in detnll for individual sites in tables Ga and 6b.
In thie sountry Rervstinpmyees gjelloed dis, without doubt, the
most ubiguitous of the heratinophilic fungd in soll and was
isolated on 128 vccasions (49.2% of the totél 260 isolates of
keratinophilic fungl)e Fungi from 2 genera of the family

Furotincese ware also frequently recovered and huve been grouped

under the heading™Aleurisme-Anixiopsis”. Several epecies of
Anixiopsip othexr then those at present recognised and the perfect

and imperfect siate of a specles which closely resembles

Aleurisma keratinophilum (Frey, 1959) are included in this group.
It is not proposed to discuss these apecies in detall and the
numbers have been given primaﬂéy to complete the resulis.
Trichophyton tervesire was isoleted from eaoh of the % categories
of animal association and the total of 21 isolations (8% of the
total 260 isolates of keratinophilic fungl) placed it after

B, gjellol in fregquency of isolation. Arthroderms curreyi is
aepparently of rather resitrioted distribution in soll because,
alithough it was recoveved 10 times, the isolatlons were confined
to 2 distriots. The number of isolates of 4. cunicull and

A. multifidum, species asgociated with rabbits aud thelr burrows,

merely reflect on the number of burrows sampled (btable 3).
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Other specles of Arthroderms isolated were the new species
Ao Jomondil, and A. tuberculetum which has not previously
been reported from Great Britain.

Microgporum gypseun was found 1o be rare in soil and of

the § samples which gave this spescies 4 were collected from

one district. M. cookel, which has not previously bheen reported

from thie country, was recovered from 2 sites, each closgely
ansoclated with animals,

The percentage of isolates of each species which formed
the perfect state in primary culture are given in table 5.
As_curreyl and A, mimuhum are homothaellic and, as would be
expected, each isolate formed cleistothecia. In the heterothallic
species 1t will be meen that the number of isclates forming
cleistothecia can he related to the density of the animsal
population. The proportion of perfect to imperfect isolaten
of X. ajelloi, A. cuniculi and A, multifidun is high whereas

relatively few of the isolates of 1. terresire reproduced

gexuwally in primary culture. A. lomondii formed cleistothecis
but A. tuberculatum wes recovered only in the impexrfect state.
All the isolates of M. gypseum were of one mating strain
and not until single ascospore strains became avallable was it
pogeible to obtain cleistothecia and prove that the isolates

wore Namnigzisa incurvata. No other species in the M. gypseum

complex (Stockdale, 1963) was recovered. M. cookei was
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isolated in the asexual state.

Other species of fungi isolated included Ctenomyces
gerratus and Amsurossous verrucosus, neither of which has been
reported from Great Britain previcusly. A fungus which hes
been provisionally placed in the genus Arachniotus was also
obtained.s A numbor of unidentified fungi have been grouped
under the heading “small spore" because they are characterized
only by the production of microconidia. A species which forms
bulbils was also recovered.

Specles seen on microscopic examination but which could
not be induced to grow on srtificial media were not inocluded
in the tables, One, which resembled Sepedonium was apparently
able to live on hair. Another species was obviously a parasite

on the kerastinophilic fungi and a third might well have been go.
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Gomners

It veems worth-while bto consider the efficiency of the
method of isolation used in thia study. in sddition to
routine hair balting a number of variatione in technigue were
testeda Soil was placed on the surface of 2% water agar
then baited {Orr, personal communication)j soil samples were
"diluted" with gand kunown to be free from kevatinophilic fungi

efore baltings emall particles of s0il were placed onn sand

~and each bailted individually and isolation on agar media was

tried. No gpecies was isolated by the use of these rather
laborious nethode which had not been recovered by orthodox
hoair beiting. That the hair bait method wes consistent was
shown when soll sanmples were re-investigoted. The resulis
vere identlenl to those originally obtained.

For isolation, the routine use of an incubation temperature
of 2490 with horse halr bait ensured good condltious for growth
andl thot 1f an isolate wewe capable of sexual reproduction
cleistothecia would, in most ocases, develop., Afier approximately
3 weeks in the incubator all plates were kept at room tenperature
for several more weeks to make certanin that no slow-growing
specles had been overloocked, In one of the logt samples
investigated a speclen, visibly preseant in the soil, proved
difficult to isolate because 249C was above the optimum

temperature for growth. The species was first recovered on
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agar pletes held at aboubt 5 =~ 109C but eventually grew on the
icolaotion plates ot room temperabure, Thisg sugrests that in future
studies 14 would be advisable 0 put an extra deolatlon plate atb
a low tempereture: Isolation of all plutes at room temperature
would, for routine survey uee, be too oxpensive in time and
wnaterials. The ideal method for isolation would be to inocubate
plates from each sample over a range of different temperatures.
Baiting with hair or other keratinoue moterials is a
highly efficient method for the lsolation of keratinophilic fungi
from soil and, as used in this laboratory, it meems unlikely
thet specien which were present in minimal asmounts were missed.
The importance of freguent regular examination Lfrom the time
growth becomes visible on the bait, both with the plate
wicroscops aud by microgcopic examinatlion of individual heir
fregments,; must be siressed.
No great difiiculty woes experienced in isolating
karaﬁiﬁnphiliu fungl in pure culture although certain specias

of comnon ssprophytlc moulds esuch as Gephalosporiwm, Penieillium,

Gliociadiun ond Lrichoderms were often present as contaminants

- T I st

on the colonized hair, The addition of the antibiotlc

aoctidione to the nediun aided the lsolation of kervatiuophilic
ppecics by vetarding the growth of the contaminants., The use

of this antiblotic to control contamlnation by saprophytic N

moulds was suggested by Philips & Hanel (1950) and ia the
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isolation of dermatophytes from c¢linical materials by Georg (1953).
Kuehn & Orr (1962) studied the reaction of certain fungi to
actidione and noted thot gymnoascaceous species showed a high
degree of tolerance to it. In the course of my work, it beceme
apparent that keratinophilic species, other than dermatophytes
and gymnoascaceous fungl, were not affected by actidione at the
concentration used in the medium. Occasionally, colonization
of the hair by more than one keratinophilic species led to
difficulty in isolation of the less vigorously growing strain
but this was usually overcome by repested inocculations. Vhen
the speciers formed charactexristic spores, the micromanipulator
was used.

Ajello (1953) noted that the prevalence of the geophilic
dermatophyte M. gypseum was greater in soils associated with
animals and Durie & Frey (1962) reported inecreamsed yields of
keratinophiliao fungi from soils connected with man and animals.

From the resulta of the survey there can be little doubt that

enimal life affects the keratinophilic fungal flora. From
districts asesociated with animals, not only were more samples
positive for kewabinophilic fungl and an increased number of species
isolated bub also individual species were present in the soil in
greater guantity. This latter fact was obvicus at the {irst
examinations of isolation plates by the number of colonies developing
on the hair and by their rapidity of growth, It seems very probable

that the presence of animals 1s responsible for the rise in the




39

keratinophilio fungal flora.

No keratinophilic fungi were isolated from "woodland &
mooriand". The faijure to isolate from moorland semples is
probably due to the low animal population and the peaty soil
which has been shown to be a poor growth substrate. The absence
of keratinophilic fungi from woodland soil was also noted by
Stockdele (1958) but has not yet been sstisfactorly explained.

The samples from rabbit burrows (table 3) show & relatively
low propoxrtion of poeitive repults becouse a number of the
burrowé investigated were deserted and spparently had been for

some congiderzble time. The fact that Ae cuniculil and

Ae multifidum were common in soil from inhabited burrows and
rarve in deserted ones suggested that the species might be
asgoclated with rabhite.

It was, however, noted that species in the Aleurisme-Anixiopsis
group were more frequently recovered from samples in which there
was a high content of decaying organic matter, Exenples of
such soils are those ocollected from hen runs, near manure heaps
end in the vicinity of dead snimgls. When those species were
cultured on ordinary "negative' poil with hair bait they did not
grow as well as on the soil from which they were isolated. On
dung extract agar with horse halr balt or on baited sand supplemented
with liguid dung extract good growth resulted, proving th#fw*

organically rich substrate aided growth in these species.
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ABS0LATYION OF KERANINOPHILIC FUNGI FROM KERATINOUS HMATERIALS

No animal invesiigated, even those from which the dermatophytesn

M. gypseun and W, mentagrophyieg were leolated, showed clinical

syaptoms of ringworm, Trom table 7, it will be seen that of the
232 animels investigoted T4 (31.6%) yielded keratinophilic fungi.
Tfrom the number of animels from which cach species of fungus was

recovered, it will be seen that £, terrestre (32) was the single

~species most frequently isolated mad was Lollowed by A. curreyi

(12)., ©Specles in the Aleurigma-Anixiopsis growp were aleo
recovered frequently. The number of animal species from which

kevatinophille fungl were isolated ls intevesting, A, curreyld

wag recovered fyom 8 different kinds of animzl, Aleurigma.
Anixiopsis from 6 and T, fterresire from 5+ Al cunicunli and

£ ymléifidun were 1solated only from wabbitg.

Comment

In this survey, the number of positive Specimens is
probably lower than it should be due to the technique used in
the eavly sgtoges of the investigation. At first, specimens
were divided dato smali Prggments and 12 of these invculated

to agar medium. With this method one could investigete only s
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small anount of each specimen and also, despite the addition of
antibiotics to the medium, bacteria or saprophytic fungl quite
often overgrew the inoculs. Imter, it was diescovered that a
mueh more effliclent way to investigate keratinouns meterinls was
by spreading them thinly on the surface of moistened sand or
goil, previously proved free from keratinephilic funmgi. With
this method, much larger amounts of esach specimen could he
processed and contamination by seprophytic fungi or bacteris
was rediced t0 a minimtume Sanples from 11l rate were investigated
bf both methods and 1t was found that, using the send technigue,
9 were positive whilst when cultured on agar medium'only 3 of
these 9 yielded keratinophilic fungil.

With the exeeption of the dermatophyte 1. mentegrophytes,

each species recoversd from the animals was lsolated from soil
(table 5). ‘'he obvious explanation for the presence of
kevatinophilie fungi on halr and feathers is that they are

prosent as contaminants from the soil of the envizonment., Small
wild memmals, especislly those living in burrows, ere in constant
contact with earth asa also are birds, many of which take regular
dust baths. Conteminatiion of the hody surface with soil fungi

in therefore guite possible and has been sugzested as tho reason for
the presence of certain species on snimals (OtSendfek & Dvorék,
19625 Marples & Smith, 19623 MoKeever, XKaplan & Ajello, 19583

HcKeever, Menges, Kaplan & Ajello, 1958).
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If none-pathogenic kerstinophilic fungl were present on
animals as nothing more than contaminants from the environment,
one would expeot the speclies most common in soil to be those
most frequently imolated frowm the hair or feathers. However,
from table 9 in whioh the numbera of isolaten of spocies
commonly recovered from soil, animals and birde' nests arve
given, 1t will be seen that this is not the case. K. ajellol,
by fer the wost widespread species in soll, was dsclated only

7 btimes from 3 animel species whoreas I, terrestre and A, ocurreyi,

which avre less frequently present in soil, were recovered 32 times
from 5 animel gpecies and 12 times from 8 animal species

regpectively, it is interesting that A. curreyl and T. terrestre

were often the only species isolated from samples of halr and
feathers whereas only once wewve they isolated in virtuwally pure

culture from soil, A. curreyi has been igolated from

keratinous materiales in districts in which its presence in soil
gould not he demonstrated.

These facte suggest thet 4. curreyi ond T, terrecstre arve

carried on halir and feathers in some way which ie moxe than
norngl contamination but 1ls not appevently pesrasitism. Hhie
state might be considered to be analogous to that of the

dermatophytes . mentagrophytes and M. gypgeun when they are

passively present on the hair of guinea pigs, rats and mice.

Marples & Smith (1962) first suggested that 2 species of




fungus might he cunsidered to be part of the nwormal skin
flovg of an aninals (n & nunber of oocusaionn, they isdlated
o fungue fron bhadgehops which they considered to be a vovieby
af Ve torrostre. Becance their isolales wene relatively comuon
on bhe aningls buld eould ot be desonntrated in the soil of
the environment, dsrples & Snith beligved shem te he truly
shin residento.

The asgoclation of d. cuniculi sand A. multifidws with
rabbits, suggesiaed by their conslatent leolation from inhabited
uprovs together with thelr abuseuce from deseried Hurrows and

obher polls, was conllmmed by the pocovery of both species Lrom

~the balr of rmabbiis. Iliecently, & way in whioh thoy may spread

from soineld to animal oo been founds. The rebbit haeir liniang
i a nest contalindng young rabbits yielded A. cunicunii ia
guantity. It seems cextain that the fungus would bo transforred
to the hsix of the yowiy animels withla the neab.

The evidence from vhe wabbits suggests also that, rether
e the rebblits Deoowing contaninated from the soil, it lo
the aoil vhieh is dnooulated with the fungal spscles carrvied
by the saimels. Bunrow soil ds subesurface soil which
novically eontaine no kexetinophillde fangl and s8¢ the speclies
wnst be prevuwed to bhave cone from an ouiteide pounce. The

presonce of e torvegbre and A. curwevi in ooll mey elso may

Yo due $o inooulation from ocarvier anlualn.
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IS0LATION OF KERATINOPHILIC FUNGI FROM BIRDS' NESTS

A total of 33 nests built by 9 species of birds were
exanined, At the time of collection, the nests of 5 hedge
BAparrows, 2 robins and one blackbird showed fungal growth,
The fungi present were Aleurisma-Anixiopsis, Pararachniotus
gelicols and A, gquadrifidum. Of the 33 nests investigated,
28 (B4.8%) yielded keratinophilic fungl whilst 5 (15.1%) did
not.,

Not only were common species such ag K. ajellod, 7. terrestre,

A _curreyi and Aleurisme-Anixlopsis recovered but alseo
A. tuberculatum, A. lomondii, C. sexrratus and the red-pigmenting

variety of T. terrestre assoclated with hedgehogs (tierples &

Smith, 1962; FEnglish, personal communication), Three new

species, Aa._cocleatus, P. gelicolas and Tzichophyton globiferum

were discovered and named.

In comparison with the isolations of species of keratinophilic
fungi from soil and keratinous materiale (table 9) it will be

seen that L, terrvestire, L. curreyl and the Aleurisma-Anixiopsis

group were isolated more freguently from nests than from soll.
La terrestre and A. curreyi, however, were more frequent from

keratinous materials then from nests. Ks ajellol was more

prevalent in soil.
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Comment

It seemed degirable Yo investigate a substrate, other than
soil, which was intimately associated with animal life.

Ideally, such a subptrate should provide a rich source of
kergtinous material and, if possible, not be in direct contact
with the earth. An obvious choice for invesilgation was birds’
nentn, Birds are in the nest for long pexriods when hatching
eggs and, i1f keratinophilic fungi are present on their fe@thers,
it mey be presumed that they will be transferred to the nest
and perhaps aloo to the young birds. ilany nesis are lined with
hair end/or feathers. In addition, nests contain kewabinous
debris from the adult birds and nestlings and therefore might
be expected to provide an ideal substrate for the growth of
keratinophilic fungi.

Nepts did prove to be a fruitful source of keratinophilic
fungls not only were species commonly found in soil recovered
but also those rare in soil and a number of new apecieé ware
discovered. No ker&tinophilic funpl were isclated from % nests.
Of these, 3 (2 thrush & 1 blaokbird) were old and had been stored
for at least o yesnr before coming into my possession., One robin's
nest had apparently been deserted before use, which might sccount
for the negative vesult, but no reason for the failure to
isolate keratinophilic fungi from the remaining nest (hédge

aparrow) can be given. That ‘the unused robint'n nest was
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negative suggests the possibility that keratinophilio fungi in
other neates may, at least in part, have come from the birds.

Unfortunately, tihe possibility of definitely relating species
igolated from nests with those carried by birds is precluded
for the present because only very few dead birds have been
investigated. Any conclusione drawn muet therefore be
tentative and regarded more in the light of a guide for furthex
work.

A numberxr of facts suggest that some of the kematinophilic
fungi in nests have originated from the birds. XKeratinophilio
fungi were isolated each time feathers from dead birde were
investigated and fungal mpecies, e.g. Ao currveyl and L. terrestre,
which were not those most frequent in the soill of the birds!
environment were isolated. Pugn & Mathison (1962) reported the
.isolation of C. gserratus from bird traps and sand dunes in the
vicinity of the traps. These guthors correlated the frequenocy
of isolation of thls species with the large npmber of feathers
present and suggested that it was on the feathers before they
wvere shed. Unfortunately, no record is given of the types
of birds found in the traps.

C. serratug has not, in this survey, been recovered from
feathers but was igolated from s swallow's neste. It is interesting

that thie type of nest also ylelded As tuberculatum and the

new specles Ae. cocleatus. Ce goxrratus and A. tuberculatum



have been shown to be rare and A, cocleatus has not yet been
igolated from soil in this country, Bﬁggeating that the birds
were the probable source, especislly as soil samples in the
distxricts in which the naepsts were found gave none of thase
specien.

Both A. tuberculotum end C. serratus were isolated from
soll samples collected in the catbery (table 6a). Although
the high proportion of keratin in this soil mey be responsible
for the epesoies persisting there the question of how they came
t0 be present arises. The fact that these species were not
isolated from soils containing a comparable amount of kKevatin
suggests that the isolations were from a cattery might be of
alprdificence. It ims powssible that eats catohing bivxds within
the cattery runm might be the cause of the presence of these
gpeclies.

‘The gaew species T, globifeium hes been isolated from 2
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distriots, each time from & hedge sparrow's nest which suggested

an association. However, I received a culture from ¥France
which proved to be thio species and which had been 1lsolated

from soil. P. gelicola although regovered from 4 nests does

not appear to be restricted to this habitat beoause very
racently it hes been recovered from hair from a rabbit's nest

snd from a sheep's fleece.
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KERATINOPHILIC FUNGI ISOILATED FROM QWY CASTS

In addition to the keratinous matemlals sampled directly
from animals and hirds, 8 owl castes were investigated fox
keratinophilic fungl. One ox more species in the "Aleurismo.-
Anixiopsis" group were isolated from each of T casts, 2 aleo

yielded "small spore" species and one Shanorsells spirotricha.

The only caent from which kerstinophilic fungd were not
isolated wan one whioch, at the time of collection, was noted as
belng very old.

Watling {1963) reporting on the fungal succession on
kestrel pellets stated that he had obiained Anixiopsis

stercoraria. The frequent presence of species in the

"ileurisma<Anixiopaia group in the pellets of birds of prey

is probebly due to the fact that they provide an environment
rich iu decaying organic matter such as has been shown to be
gultable for these species. It is Just poussible, however, that
the fungl were present on the hair of small memwals which

had baen eaten and thet they had survived the digestive
processes of the bird and thus were present within the cast

when it was regurgitated.
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ANINAL INOCUTATNION

With the exception of the dermatophytes ). mentagrophytes
and M, seum, no fungal specles isvlated in the course of
this work was shown to be capable of causing ringworm in
Laboratoxry enimals. All sitrains were tested on guinea plgs

and, in addition, A. cuniculi and A, multifidum were tested on

rabhita. In addition %o inoculation, these species were

rubbed into the helr and A. cuniculi was recovered by culturing

from hair samples over a month later, although no lesion

developed and no fungus could be seen on microscoplc examination.
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FUNGI ISOLATED

Because each known gpecies and a number of new spacies of

Arthroderms were recovered and because the majority of the

kergliinophilic fungl isolated in the surveys wore membens of

thip genus it will be discussed in some deball.

Histoxry

The genus Arthroderina was created by Berkeley in 1860 for

a fungus which had been discovered 6 years previously by Currey.
In his deseripition Currey (1854) stated that the specimen, which
he had found on dead leaves and twigs in a wood, resembled
Trichoderma in having a central mase of spores surrounded by a
hairy covering buit différed from it in the jJjointed nature of

the peridium and in the brilliant yellow colour of the SPOTOS.
Currey suggested that, should his specimen merit a new genusg,
g;zpréderma, from the Jjointed nature of the halry covering

would bhe an appropriste nane. Berkeley followed this suggestion
and named the fungus A. curreyl, placing it in the order

Tridchodermacei of ithe Hyohomycetes.

Sacoerdo (1886) also considered . curreyi to be a
Hyphomycete but trensferred it to the genus Illosporium as
T ourrveyi, under vhich name it is mentioned in Massee's British
Fungal Flora (1893). Currey's fungus was re~discovered on dead

leaves under dtrees in the Queen's Cottage Wood, Kew, by Salion
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(1900) who stated thet his specimen agreed perfectly with
authentic examples of A. gurreyi. As the articulated hyphae

of Currey's fungus were not found in the genus Illosporium end

ag the waxy sub-gelatinous sporodochia with the conidia in

mucus were not found in Currey's fungus, Salmon (1900) considered
that 1t could not rightly bhe clasgeified in Illosporium and

transferred it back to Arthroderms curreyi in the Hyphomycetes.

In the meantime, & fungue had been reported from Germany
by Bidam (1880) who had discovered it growing on deceying
feathers. By sub-oulturing when necessgary to fresh feathers,

Pidam was able to study the stages In development of this isolate

which he classified in the family Gymnosscaceae and named

Ctenomyces seryatus. FEidam described sclerotie with unique

hooked appendages, asexual spores, cleistothecla and structures
consisting of dense globose masses of conidia which, at times,
hed a peridium of the type found in the perfect state.

Bidam's paper was obviously moxe widely read than the
preceding British publications because fungi were desoribed ae

C. serratus by & anumber of authors, none of whom, however,

reported finding the sclerotia. I'rom these reporis we can
now say that the species which they described was, in fact,

A. curreyie In Britain, the perfect state descxribed hy Eidam

was found by Grove {1922) on feathers buried in soil and by

Marsh (1924) from aocil from flower pots and also from the
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Queen's Cottage grounds at Kew, the place of Sslmon's previous
inolation. On re~examination of this area 9 months later by
Marsh no traces of the fungus were found.

A report by Smith (1903) that Eyre had found C. serrains

on decaying beech leaves in Hampshire wan followed by 2 papers
(8mith, 19043 Smith & Rea, 1904) in which it was stated that
praparations of Currey's fungus made hy Salmon and s herbarium
apecimen deposited in Xew by Cooke, had been examined and found
to be identical to the Ascomycete C. sexrstug and that Al curreyi,
the name which had meny years'! priority must, acocording to rule,
tako precedence. As Smith had exemined Salmon's preparations

of f. curreyi and Salmon in his original description had stated
that hies specimens asgreed exactly with authentic specimens of

A. curreyi, the perfect state described by Eidam (1880) is
directly linked with Currey's original isclate. Hihnel (1905)
who haed sent a specimen of Currey's fungus to von Rehim as & new
gpecies C. 3ylophilus, distinct from ., serratus because it was
discovered on decaying leaves instead of feathers, wetracted after
Smith's report and stated that he was convinced A. curreyi wae

equal in all respects Lo €, xylophilus and C. servelus and that

these nameg should be disoarded.
The problem of the resting or sclerotial stege roported
by Bidam (1880) and Dangeard (1907) but by no other worker vas

only resolved recently. Benjamin (19956) examined herbarium
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apaecimens of this resting stage and recognised that they were
cleigtothecia of another gymnoascaceous fungus. Ag ‘thege
cleintothecin were so unlike those of any olher memher of the
family, Benjamln considered that a new genus was hecessary and
suggested that thews would be no confusion in nomenclature 1f
the generic and specific names which had been invalidated by

gmith (1904) were revived and this species called Cienomyoces

serratus.

1% is nafortunate that the mix-up caused by the duplication
of names in the last century continues to this day and is not
confined solely to fungl which indubitably belong to the genus

Arthrodermea. Although it was A. ocurreyi with which Matruchot

& Dassonville (1899) compared the dermatophytes, this species

wag known to them as (. servatus. In 1930, Langeron &

Milocheviteh transferred the small~spored Trichophyton species

t0 the genus Ctenomyces. Thue todey, especially in continental

publications, one finds not only Currey's fungus but also a group
of the dermatophytes referred to the wrong genus.

As has been ptated previously, it was only effter the hair
bait technigue (Vanbreuseghem, 1952) came iato generasl use that
other specles of Arthroderme were discovered and described.
Todey, this genue which for over 100 years was xepresented only
by As currveyl, includes 10 gpecies and is among the largest in

the family Gymnoascaceads




Dlatribution

The members of the genus Arthroderme are, with the exception
ol the dermatophyte Irichophyion simise which has recently been
shown to belong in this gonus (Stockdsle, porsonal communication),
nainly non-pathogenice and probably act as scavengens of
kerstinous debrie dn the soil and elsewhere. Most species have

' boen isolated from soil. Some specics (L. curreyi, A. cuniculd,

As mulbifidum end A. guadrifidum) have, in addition, been

isolated from the helr of small animels with a certein degree of

regularity and have (L. curreyi, As quadgggiaum)aleo been recovered

from fenthera and birds' nests. Certedin specios are now known to
he world~wide in distribution. Others, as yet, appear to be more
localized. Thip is probably unot a true eagtimate of the
digtribution but rather a reflection of the zmount of work which
has been done in the study of keratinophilic fungi.

The tvype species of the genun, A. curreyi, has hoen
recorded from Ingland (Currey, 18543 Salmon, 1900;  Smith, 19033
Grove, 19223; Marsh, 1924), Scotland (Dawson & (entles, 19613
Dawson, 196%), Germany (Eidam, 1880), France (Dangeard, 1907)
and U.8.A. (Benjemin, 1956). In the course of this work,

A. curreyi has been isclated, not only from soil hut also from

hair semples from wild wodents, from rabblit hurrows and from
feathern and birds! negts.

A. uncinatum, or its impexrfect state K. ajelloi, is, without
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doubt, the most ubiquitous goll keratinophilic fungus and has
been reported from almost every country in the world as is
shown in table 10, This specles appears to de primaféy & eoil
inhabitent although it has been isolated occasionally from the
hair of smell mammals where, in all probability, it is present
mevrely as a contaminant from the environment.

Angther species which has been found in meny countries

is A, guadrifidum or its imperfect state T. terresirs {table 11),

in the survey of soil semples this specles wag shown to be not

nearly as common as K. gjelloi. Despite this, I, terrestire was

isolated frequently from hair samples from rats, mice and
rabbits and from feathers and birds' nests.
The 2 species of fungi/broved to be associated with rebbilts

(A, cuniculi, A. multifidum) snd A. minutum which has only been

found from the soil from rabbit burrows have yet to be reported
from countries other then Scotland. However, ap A. cuniculi

end A. muzltifidum were isdlated from burrows in scattered

districts and from the hair of rabbits, it seemp likely that,
in the future, they will be repoxrted from other lands. As
the rabbit population in Australia came originally from the
British Isles it ig certainly possible that some or all of these
ppecles will be found there.

A, tuberculatum has been reported from the U.8.A. from robin

feathers and an owl pellet by Kueln (1960) and from soil by

N
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Orr (personal communication). The asexuel state of this
species was isolated from soil from a cattery in England snd

e second strain, which formed cleistothecie in primary culture,
was recovered from a swallow's nest collected near Glasgow.
These isolations are new records for Britain.

It is interesting that strains of A. lomondil have been
igolated from soil, a mouse end a nest in the Loch Lomond dilstrict.
Two other strains which closely resemble this apecies but will
not cross mate with it were recovered from duck nests in
the ILoch lLeven distelet. A. coclealtus is represented by a
single strain and therefore no comment on its distribution is

possible until further isolations are made.

Pathogenieldy

Within the last few years, the perfect state of the

‘dermatophyte T, simime has been shown to be an Arthrodermsa

and a number of reports have been published indicating that
other species may occasionally be the causal agents of
disease.

Following the isolation of o strain of K. alellod from a
squamous erythematous lesion on the. leg of an agricultural
worker, Vanbreuseghem, Ghislain & Williams (1956) suepected
that the species might ve pathogenic. However, bhecaunse attempts

to produce experimental lesions with this and snother strain of
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K, giellol were unsuccessaful and becavse K. gjelloi had been

isolated from a field in which the patient had worked it was
concluded that the fungus was a contaminant in the lesion.

Infection in a maleber squirrel due to X, gjelloi wag

reported by Georg, Kaplan, Ajello, Williamson & Tilden (1958).
Their isoiate differed from X. ajellol as described by
Vanbreuseghem (1952 ) in that it did not produce a reddish purple
diffusible pigment, ddd form many microgenidia and readily

caused infection in guinea pigs. Several years later, following
the disolation of othei strains and the discovery of the perfect

state, which wes not A. uncinatum but was charvagteristic of

the genus Nannlzzia, this pathogenic species was re-~named
Micropporum vanbreuséghemii in the imperfect state and Nannizzis
grubyis in the perfect state (CGeorg, Ajello, Friedman &
Brinkman, 1962). |

Ko 2jelloi an the cause of ringworm in the horse ﬁaﬁ
reported by Rieth & Bl Fiki (1959) who stated that the lesions
on the animal were clinlcally suggestive of infection by a
Bpecies of Irichophyton. On microscopic examination, the
fungus was shown to be endothrix and %o have arthrospores
which were bronder than long. Circumgtantial evidence that

K. ajellol might be the cause of infection in a horse wes

put forward by Pier & Hughes (1961). One animsl showed areces

of heair loss and scaling and K. ajellol was cultured ..
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from these sreas on several ocoasions although no evidence of
fungal invasion wap meen on microscopic exeminetion. Samples
from normal areas of this énimal and from 5 other howses did not

yield K. ajellod slthough the presence of this specles in the

corral goil was demonstrated. The stralns of K. ajellod
igolated from horses by Rieth & El Fiki and by Pler & Hughes
were reported by Geoxgy Ajello, Friedmen & Brinkman (1962) to
have formed cleistothecia which were, in all respects, typical
of A. unoinatum, the perfect state of K, ajelloi.

Ehrmann & Thurner (1962) reported the isolation of K. ajellod
from humon sources. A lesion on & boy's arm, of asbout 4oms. in
dismeter, resembled ringworm and a woman'e toe nalls were
thickened, deformed, brittle and dixrty yellow brown in colour.,
Fungal hyphae wexe seen on micrescople examluation of specinens
from these patlents and K, sjellol was oultured. Bixperimental
infection of gulnes pige with each of these strains of K. ajelloi
was carried out by Ehrmamn & Thurner, who reported that after
2 = 3 weeks mild, scaling, non-inflommatory leslons developed
on the guinea pigs. On microscopic examination of material
from these leslone dense masses of hyphae were vigible in the
gcales and ectothrix spore formation in the halrs. Culiures
from the lesions yielded K. ajelloi.

FProm the contents of thene weports it ie certain that, in

each case, X. ajellol was isolated but thet this species was
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the cause of the condition has, on only one occasion, been
demonatrated in such a way as to leave litile room for doubt.
The only workere who attempted, and were successful in indueilng
experimantal infeoction in laboratory animals, were ILhrmann &
Thurner who noted ectothrix'spore formation in ‘the hair. Thisa
finding ie at variance with that of Rieth & El Fikl for the
horse end it is to be vegredted thot neither these authors

nor Pier & Hughey carried out animel experiments with theix
isolates,

In view of the many gtreins of K. gjelloi which have been
tested for pathogenicity under laboratory conditions and for
which the results have been negative (Vanhreuseghem, 19528 ;
Vanbreuseghem, Ghislain & Williams, 19563 Gecrg, Ajello, Friedman
& Brinkman, 1962) this species must be considered as either of
doubtful pathogenicity oxr ap one in which pathogenicity is
rare and possibly limited to certaln abervant strains.

Ag far as I am aware, there have been only 2 meports published

which suggest that [, terrvestre, the imperfect state of

As guadrifidum, may be pathogenie. Szathmary in 1939 reported

that by rubbing mud on to the skins of several guinea pigs,
he had induced an inflammatory leslon iu one animal, Fron
this lesion he isolated the species which is known today as

&, tervesire and another specles which is now knowvn to be

the dermatophyte Ts guinckeanum and in all probability was the
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cause of the lesion.

Ivoloeanu, Alteras & Cojoceru (1962) isolated 11 strains
of T, berresire from gamples of soil and, as soon es cach was
obtained in pure cullure, attempled to induce experimental
ringworm in mice. Only one strain, which was isolated togetherx
with L+ guinckeghun, gave eny indioation of being pathogenic.
Of the 6 mice used in the experiment, only one developed a small
squanous Losion, Un microscopic exsnination of gcrapings from
this lesion numerous mycelial filamenits were seen in the scales
and, in the helra, growith of the fungus was endothrix. The
lenlon persisted foxr asbout 2 weeke and cultures made from it
were the same as the straln which had been inoculated. However,
this was the only leslon observed despite the facet that further
tegtsy, with this slirain and the others, were carried out, not
only with mice but also with guines pligs ond man. Because
Evoléeanu, Alteras & Cojogaru oﬁt&ined e lesion on one occasion
snd because all strainsg which they had isolated produced a
trichophytin os active as thot of T. mentagrophytes, the
authors concluded thet 1. terrestre was on the way 10 becoming
& pathogen.

Klokke {pewsonal communication) stated that he had

isolated I, terrestre from s lesion on an agriocultural workexr

hut was not convinced that it was the cause of the condition.

This spocies wan twice cultured by mysgelf from uwriticarial-type
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lesions on & howse but because,on careful microscopic examlnation
of hairs and soales from the lesiaons,no signs of fungl were
observed, I came to the conclusion thalt the species was prenent
a5 a conteminant from the envircnment. Bupport fox this
conclusion was obhained by the isolation of T, tonresbre from

the animal’s bedding.

It hes been reported (Keddie, Shedomy & Barfatani, 1963)
that A, ftuberculatum was isolated in pure culture Lxom the
finger of & man with psoriatic lesjons on the socalp, trunk and
hand. However, microscoplc exemination of the skin serapings
was not done and efforts to re~isolate the species from the
original lesion and from other sites failed and therefore
patbogenicity could not be establisbhed.

Although the guesiion of pathogenicity within the genue
Arthroderna mmst remaln in doubt until more cases have been
gtudied thexe is evidence which suggests that certain of the
gpecies have a definite predilection for animsl hair whilet it
is still attached to the animal., A. cuniculi and A. maltifidum
have beon ahown to be assoclaoted with rebbits while, although

it has not been possible to correlate A. curreyl end T. terzestre

with particular animals it has been ashown that they are
present more fraguently than can be ascribed to accidental

contamination from the environment’ .
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Cleistothecial development and spore dispersal

As the cleistothecla of all members of the genus Arthroderms
follow a similar pattern in development, i1t is mnot proposed
to describe this for each species individually. The
cleistothecinl initials avise.from separate hyphee or may,; in
homothalllc species arise from a single hypha. They appear as
emall lateral protuberances in close proximity to each othew.
These are cut off from the parent hypha or hyphae by a wall,
grow vapidly and develop into either the clavale seplate
antheridium or the ascogonium, which ds8 algo sepltate and grows
in a tight spiral around the antheridivm., BEidam (1880) stated
that nuclei from the antheridium passed to the ascogoniun. The
initials repidly loge this "text-hook" form and hecome spherical
in shape due $0 an increase in the diameter of the cells and to
the production of new cells. Simulteneously with this stage,
hyphae, which will eventually form the peridium of the
clelstothecium, develop fyrom the base of the antheridium and
from the hyphae in close proximity to it. Even before the
cells of these hyphae ddfferentiate in appearance from those
of the vogetative hyphae, the branching pattexrn charvacteristio
of the genus becomes visible. At this early stage it is

possible to identify A. curreyi by the spiral form of the

peridial hyphae, so typlcal of this species. As the

cleistothecium matures, +the peridial hyphae develop many

-
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geploe aud incremse in diasmeter. The cells become dunmb-bell
shaped due Lo the ends of the cells: incoreasing in diameter to a
greater extent than the central portion and the walls thicken
and become echinulate. Appendages %o the clelstothecium, such
as spirsl hyphee and posslbly conidis, become apparent. In
the finel stages of ripening of the cleistotheciuwm, the peridial

colls in many specles of Arthroderma differentiate further by

ﬁevaloping varying numbers of protuberances on the swollen area
at each end of the cell. In species in which only a few
protuberances are formed per cell these are usually confined

to the outer face of the cell whereas in A. nmultifidum, the
gpecies in which differentiation ls carried to ithe highest
degree, the protuberances, which may number 8, arve formed slmogt
right around the cell.

After the cleistothecisl initlals become surrounded by the
peridisl hyphae, it becomes diffiounlt to follow the stages in
development of the asous mass untlil the time when the cleigtothecium
containg immature asci which form in grape-like bunches on the
branched ascogenous hyphae. It would appear that these
hyphae disintegrate when the asci are mature, beceuse no
traces of therm can then be found. ‘The globose asgoi, each of
vhich containg 8 ascospores, appear Lo ripen simulitaneously.
The walls break down leaving a ness of free ascospores within

the peridium.
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4t seems possible that, in nature, the cleistothecia of

gpecles of Arthroderma mey serve in diopersel of the fungus

in several ways. The morphology of the cleistothecis, with
the uncinste branching, echinulate cells and spiral hyphse is
guch that they willl adhere to anything brushing against them.
That they do so can be demongirated by rTunning a camel hair
brush across & Petri dish in which cleistothecia are present.
It therefore peecms reassonsble to asgume thst the cleistothecis
will be carried from place to place on the coats of animels or
the feathers of birds.

When the cells of the peridial hyphae become dehydrated,
they collapse and the hypheae contract longitudinally. On a
return to moist conditions the cells absorb water, swell up and
return to their original shape. As this happens, a writhing
movement of the peridium takes place and the ascospores pass
out through the peridiume. The renge of dispersal will be
minimal if the cleistotheclium is still in the place in which
it was forned. On the othexr hend, if the ¢leistothecium has
hecoma attached t0 an animal or bird, the fungus could well be
diapersed over a very wide srea. Disintegration of the
cleistothecium by decay or by the attack of mites orx other small
lnsscts may also serve in spore dispemsal.

It mey be, however, that the perfect state is not the

main means by which species of Arthroderma are dispersed.
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With the exception of A. envreyl which forms relatively large
cleistothenia and which, becsuse it is homoethallic, can be
expected to reproduce sexually whenever conditions are favourable,
there have been no publiched wveports of other species found in

nature in their perfect state.
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Taxonomy

In 1860 Berkeley created the genus Arthroderms for the

specimen discovered hy Currcy in 1854, placed it in the Order

Trichodermacel of the Hyphomyceies and described it as followsiw

ARTHRODEEMA, Curr.

Poridium spurious, indeterminate, roundish, composed of
interwoven, sirongly constricted, jointed flocci.  Spores
collected in the centre.

Other deseriptions of this species were given by Saccardo
(1886) who renamed it Jllosporium curreyi and by Salmon (1900)
who replaced it in the genus Arthroderms. However, because of
the then unique nature of the nperidium and the bellef that the

species was a Hyphomycete, none of these descriptions is

satisfactory.
Much the best of the early reports was that of Bidem (1880)

who described what we now know was A. curreyl as the perfect

state of (., serratus, classifying it in the Gymnosscaceae. That

Eidam's cleigtotheclum and Currey's lsolate were one snd the

same wap noted by Smith (1904) who steted thet the name

A. ourreyl had priority @vew (. sgerratus. Two problems remained

from Blidam'es desoription, the '"eonidlal nodules" with a2 peridium
sinilar to that of the cleigtothecium and the distinctive
gclerotia,. The former hes yet 40 be resolved but, in 1956,

Benjamin noted that the solerotia described by Lidam were
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cleistothecia of another species of fungue and gave the first
accurate definition of the genus Arthroderms in whioch he stated:s~

ARTHRODERMA Berkeley, Outlines of British Fungology, p.3557.1860.

Cleistothecia whitish to pale yellow, globose, The peridium
consisting of a network of branched, anastomosed, nearly hyaline
hyphee compeged of thick-walled, minutely and densely asperulate,
constricted, symmetrical oxr asymmetrical, dumb-~bell phaped cellss
o few slender, elongate thin walled, septate,'spiral appendages
produced terminally or laterally; free ends numerous. Apei
globoze, Bespored. Ascospores yellow in mass, small 2.4 « 3.3p
X 2p;, smooth, appearing by phase contrast to possess a slight
equatorial groove. Clavate aleuriospores produced ia abundence
by the vegetative hyphae.

Kuehn in 1958 repeated in essentials Benjamin's description.
However, as these descriptions of the genus were based on &
gingle species they are now insufficiently wide and present
slight inacocuraciec. The following emended generic diagnosis
is puggested, based upon that of Benjamin, but altered 1o cover
all the species now Incorporated in the genus.

ARTHRODERLMA, Berkeley.

Homothallic or heterothallic. Cleistothecis formed singly or
in clusters, globose or stellifofm, white when young, shades of
pale yellow or buff at maturity., Peridium a network of inter-

twined hyphae differing from ¥egetative hyphaee Peridial hyphae
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soptato, branching uncinaste with breaiches recurving towards the
csentre of the cleistothecium, branches mora or less spiral in
some apacies. Peridial cells thick oy thin-walled, achinulate
10 a greator or lesser degrvee, dumb-bell or modified dunbeball

in shepe, symnetrical and meyumetrical, pale yallow, hyaline.

The side of the cell towsrds the inside of the curve of the

. branch is often {lattened with &iffereniiatiﬂn caonfined to the
outer faca. Appendages to the peridiumi~ 1) Thin, smooth-walled
septate spiral hyphae, unbreuched ox very rarely branched,
developed terminally or latverally from the peridial cells, few or
nany, nuaber of turns and tightnoos of colling variable.

2) in certain speciesn, asexual spores arising from the peridial
¢ells. Ascus nasg globose,  Amci formed in grepe~like bunclies
on branched ascogenous hyphee, globose or sub-globose, thine
walled, evanescent, Oeppored. Ascospores small, lenticular,
spherical in surface view, oblong-elliptical in ailde vlew, wali
gmooth or finely echimilate, yellow in mans. Asexual spores

conidia, variable in size, shaps and nubor of cells.
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Identification

Bpecies of Arthroderma are liable to be confused, at first
edght, only with those of one other genus, Nannigzia, which was
arected by Ytockdale in 1961 for her perfect state of M. gypseum,
On cloge inspection, hoﬁever, the 2 geners nay be peen to differ
quite considerably in the type of branching of the peridial hypheae
which is, in the maln, verticilliate in Nannizzia and uncinate in
Arthroderma. Another, and in the opinion of Miss Stockdale and
myself, important point of difference between the geners is the
foot that in Nannizzis the cells of the peridium are, in the main,

synnetrical whereas in Arihroderma a certain proportion of the

cells are markedly ssymmetrical. In their simplest form, the
asymnetriceal cells repemble dumb~bells with one side, usually

thaf towards the inside of the curve of the branch flattened.
Asymmetrical oells are also formed by the development of
protuberances from each swollen end of the cell. The protuberances
which, in the various epecies ngy number from one to 8, generally
form on theée outer face of the cell leaving the face towards the
inside of the curve of the branch less differentiated. No such
secondary alteration of the peridial cells takes place in the genus
Nannizziae In this genus some species, e.g. N. incurvata and

N. obtusa form long straight appendages which project, often to
congidersble lengths, outeside the peridium. Such appendages are

unknown in Arthrodermas. Nannlzzie epeciles in the imperfeoct stale
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are characterized by fusiforxrm, eeptate, rough-walled macroconidia
which are typical of the imperfect genmuis Microsporum. There ie
great varigtion in the types of asexusl spores formed by species
of Arthroderma. Some specles form only miovoconidia, others only
macroconidia and some both. Two species form large globosge
alsuriocapores.

Within the genus Arthroderma, species determination ie based

primarly on the characteristics of the peridium of the
cleistothecium. The type of branching of the peridial hyphae

end the type of cells forming these hyphae are the main
differentiating factors. ©Secondary factors which may be taken into
conpideration include the asexual spores which are often found in
close assoclation with the cleistothecia, if not actually formed
from the celle of the peridium. In all species of Arthroderma
smooth-walled septate spiral hyphae develop terminally or laterally
from gome of the cells of the peridium. In gertain species the
spirals tend to be legs obvious and to lie within the network of
the peridium, heving probsbly been developed from peridial cells
within the network. Others, however, are free and very ohvious.
These spiral hyphae are, to a limited extent, of use in
identification but it should be noted that within a species

there can be considersble veriation, not only in the nunmbers
produced but also in their degree of development. The most

characteristic spirel hyphae are those of A. curreyi.
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Key to the specier of the genus ﬂrthrodermg?

I Peridial hyphae of mature cleistothecis composed of symmetrical

gumb-bell shaped cellsi some cells may be flattened on one side,
A Yeridiel hyphae splral ab ends or over the whole length.
& Pexidial hyphse spiral over most of the length; spiral
hyphal appendages small (1 - 3 turns) and loosely
Colled o v o o » 2 ¢ o e 4 ¢ s o v o e s o s A ourrveyd
b  Peridial hyphae spiral only at tipss spiral hyphal
appendages welledeveloped (8 - 17 turns) and tightly

OOiledaaaoogqoanoncooo'.vﬁoOOOlG&tl’lS

B Peridial hyphne showing well-marked uncinate branching.
a Uncinate branching lax; peridial cells large (10 - 27p X
6.6 « i)y many oells flattened on one side. Globose
tuberculste conidia associated with the

cleiptothecium o » o o » o 5 o s ¢ s s » » « As tuberculatum

b Uncinate branching rether closej cells not large ( 7 - llp
X 4 ~ Tn)s fusiform multiseptate thick-walled macroconidia

assoclated with the clelstotheodium » + » « « A« uncinatum

II Peridiel hyphae of mature cleistothecls composed of cells

with varying numbexrs of protubersnces formed laterslly from

the swollen ends of the cell.

&  Cheistothecia globose.

m The perfect gtate of B. simiae has not been included as it has
not yet been formally desoribed.
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a Peridial cells mainly with 3 protuberances at each end
Of the Cell o o o ¢ ¢ o 9 ¢ o a o o 5 o o = Ae. cunioculi
b Peridlal cells with 4 - 8 protuberances at each ead

Qf'lihﬁeﬁlloo;otooaooocvooo A.mulﬁj_.ﬁidwn

B Claistothecias stelliform.
a €Cells with one protuberance at each end . » 4. minutunm

b CUslls mainly with 2 protuberances at each

end...................‘_{!.t.auadrificm

¢ Cellg mainly with 3 protubexances at each

end................o....Aolomondii
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The following species of Arthroderma were isolated in the
sourse of this works~

Arthroderms curreyl Berkeley

A. tuberculetum Kuehn

A. uncinatum Dawson & Gentles

A. maltiflidum Dawson

A. cunicull Dawson

A. cocleatus ppe. nov,

A, quadrifidum Dawson & Gentles

A. lomondid sp, nov.

A, minutun sp. nov.

Arthroderma curreyl Bevkeley (plates 5, 6)

Homothallic. Clelptothecia globuse, white when yaung,
pinkish buff when mature, 450 850p av. 60Qp diameter. Peridium
90 ~ 160p thick. Peridial hyphee pale yellow, hyaline, septate,
spiral, brenching. Peridial cells thin-walled (approx. O.4p),
echinulate, dumb-~bell or one-sided dumb~bell in shape with a

gingle centrsl constyiction, 8 = 135p X 4.5 = Te2pe Appendapes

to_the peridium:~ septate smooth~walled spiral hyphas, numnerous,

small (1 - 4 tumms), lateral or terminal. Asei sub-globose,
thin-walled, evanescent, 4 ~- 5p £3 - 4p, 8« mpored. Ascoapores
hyaline, smooth ovr finely roughened, lenticular (circular in front

view, oblong-elliptical in side view), l.8 « 2‘4P X1~ 1.29,
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yellow in mapg.

Agexual state:~ Microconidia and small thin-walled clavate

mgcrosonldia formed "en thyrses'" or Yen grappe".

Numbex of strains isolatveds~ Soll, 103 animals, 12; neets, 4.

Culture on soil with hair bait

The growth, prior to the productlion of cleistothecis, is white
and floocose and rapidly colonizes all available balk. Asexual
gpores are not formed abundantly and the dominsnt method of
reproduction is by cleistotheciss These fivst become apparent
as very vumerouws small whitish dote in the mycelium, wapidly
inerense in size and, as they méture, become pinkish buff in
colour. The mature cleiptothecia of this species are relatively

large and mey be formed singly or in clusters.

Sulture on eger medis

In common wlth other species of Arthroderma, A. curreyi doss

not grow well on Czspek Dox agar. Otherwise, growth ig good on
8ll common ag@r media and c¢lelstothecial formation has been
observed on 4% malt extract agar, glucose pepione agsaw, Czapek
Dox 1% peptone sgar end Complete mediuwm. No E&éistotheei& have
been seen on %Y peptone agar.

On 4% walt extract agar, the edge of the colony is even and

slightly sunken. The reverse is smooth and pale cinnamon buff,




ghading to white at the edge. In & young colony (10 deys at 24°c)
the central avean is slightly raised, finely flooccoze and ivory
yellow. Cubtwith thls area cleistothecia are developing and are
spparent as snall white clumps. In o meture colony the surface
is very graunular and pinkish buff in colour due to the large
nunber of cleistothecia which have developed. On glucose poptone
agar bthe edge of the colony is even and slightly sunken. Fhe
roverse 1s smeoth and cityon yellow in colour. Tho surface of
the colony is smooth, white and {lovcose, with no signs of cleisto~
thecis. Growth on %% peptone agar is resiricted. The edge is
even and slightly sunken, the reverse is snooth and ochracepusn
ovange in colour. The surfuce is white and {locvose at the
centre, ourronnced by an aren of velvely growth which 45 pale
citron yollow in eolour, Cledstothecisn Ao net form on this

madiun e

Arthroderine tuberculatum Kuehn

The description given by Kuehn {(1960) im as followsi-
"Oleistothesin spherical to sub-sphericel, creany-white %o
ereany-yellow, distinet but often clusteref into large aggrepates,
435 - 970p diam. appendages included; each ascocarp with one
ascigorous nase forming p yellow spherical central reglon asbout
# the diam. of the rBECOATD. Peridivm composed of s netwerk of

hrenehed, anastomorsd septate, almost hyaline hyphae composed of
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thick-walled, densely asperulate, usually dumb-bell shaped cells;
cells symmetrical or asymmetrical, elongate, about 4.0p wide at
nerrow waist and 6.6 - 7.0p wide at the enlarged ends, and 10 -
271 long. Infrequently, peridial hyphae terminating in a
slender, short, curved smooth hyphal segment, or terminating in
& thin-walled, hyaline, septate, spival sppendege, coiled in a
gpring~like manner with 2 -~ 3 turns measuring about 10p wide and
up to 60n longs peridial hyphae usually not terminating in
appendages.  Asci hyaline, ovoid, 5.9 = 4.7p X 4.4 - 5+0ps

Bespored, the wall evanescent, ascospores conglomerate for only
a short time, then separating. Ascospores bright yellow,

smooth, flattened-oblate, often with noticegbly flattened sides,
L.l ; 2.0p X 2.5 = 3.0 (5.5)p. Imperfect phasze Tepresented by
cream coloured, lateral or rarely terminal, pedicellate, short-
pedicallate or sessile, subglobose, ovoid or rarely elliptical
gleuriospores measuring 8.8 « 14.3 X‘13.2 - 18,7 (24.2)p horne
singly, covered at maturity with tuberculations or papillations
of variable size and shapes pedicels 2,21 diam., and 0.3 = 12.0p
longs saleurlospores aumerxrous on aerial hyphse. Raguet mycelium
prepent. Vegetative hyphae hyaline, 2.2 = 5.QP diam.®

Humber of gtrains isolated:~ Soil, 23 nests, l.

There are some slight inaccuracies in Kueln's description
of thie ppecies. Following Benjamin's description of Arthroderma

(1956), Kuehn states that the peridium is composed of a network
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of branched anastomosed hyphae. I heve not been able, despite

& careful search, to find any anasstomoses between peridial hyphae.
Kuehn has also stated that, although the charascteristics of his
perfect state seemed identical to those of A. curreyi, they

could be differentisted on the bhasis of the accessory spore phase.
That these species wouldibe confused seems unlikely. A. curreyi
has peridlal hyphae with a very typical spiral growth whereas

A. tuberculatum has peridial byphae which branch uncinately.

Arthroderms uncinatum Dawson & Gentles (plates 7, 8)

Heterothallle. (Cleistothecis globose, pale buff, 300 ~ 200p,
ave 500p diam., exciuding appendeges. Peridium 90 - 150n,
av. 1251 thick., Peridial hyphae pale yellow, hyaline, septate,
uncinstely branched toc one side, the outside, of the mein hyphsa.
Gells thick-walled, strongly echinulate, symmetrically dumb~hell

sBhaped, 7 - 1lp X 4 - Tn.  Appendages fto the peridium:- Septate

smooth walled spiral byphae, varying in number of turns, lateral
or terminals smooth walled multiseptate, fusiform macroconidia,
lateral or texminal. Ascl sub-globose, thin walled, ovanescent,
5é4 = Ti2p X 4.9 - 6.§p, g«gpored. Ascospores hyaline, swmooth
or finely rouphened, lenticular {circulsr in front wview, oblong
elliptleal in side view), 2¢3 =~ 2.7p X L4 - 1.8p, yellow in
nass .

Stet. conid. Keratinomyces ajelloi Vanbreuseghem (19523).
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Number of strains igolateds~ Boil, 1283 animals, 73 nests, 13.

Culture on goil with hair bait

The appearance of the culture is, to e certain extent,
dependent on whethex the inoculated st¥ain will, or will not,
eventually form cleigtothecia. Stralne growing msexually on
the hair bait form mecroconidia in such numbers that the bait ig

hidden by them and takes on the colouwr characteristic of the

specless Hexual reproduction can often be forecagt before initisls

are vislble by the appearance of the culture. Such straing form
considerably fewer macroconidia end present a somewhet more
floccosg pppearance. It is in this flocoose growth that the
cleistothecial initials become apparent. Cleigtothecia form

abundantly and mey bhe grouped or single.

Culture on agar media

A. wncinelbum grows strongly on 4% malt extract asgar, glucose

peptone agar and 3% peptone agar but on Czapek Dox agar growth
is thin, Cleistothecis are not produced except on Complete
nedium and even then ave formed sporadically and are few in
numbet .

On 4% melt extract ager ofter 10 days at 24°C, the edge of
the colony 1s even and elightly sunken. The reverse of the

colony is smooih and dreaden brown in colouxn. The surface is
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glightly raised at the point of inoculation bHut otherwise emooth,
finely granulér and shading from antimony yellow at the centre

to light buff ot the edges. On glucose peptone agar the edge

of the colony ig fern-like. The weverse is smoolh and vinaceous
purple in colour. The purface is flat and granular and shades
from olnnamon buff at the centre to white at the edges. On 3%
peptone agar the edge of the colony is even and the reverse smooth
and orange buff in colour. The colony surface is granular and
allghtly raised at the point of inoculation and isg cinnesmon buff

in colour.

Arthroderms multifidum Dawson (pletes 9, 10)

Heterothallie. Cleistothecia globose, yellow to yellow

buff, 250 - 550m, ave 390p diam., excluding sppendages.

Peridium 50 - 1304, av. 110p thick. Peridial hyphae pale ysllow,
hyaline, septate, uncinately branched, usually to one side, the
outgide, of the mein hypha., Oells dumb-bell shaped at first,

548 = 12,50 X 4.2 = 6.Tpy woll well defined, echinunlate; cells
when mature with 4 « § protuberances around each end of the
dumb~hell, protuberances up to ip long and le6 - 2.5p broad at
the point of contact with the cell, frequently developing to a

" or shallow "Y" shape. Appendages to the peridium :-

goptate smooth walled spiral hyphae with 2 - 7 turas, terminal

or lateral; sub~globose or obovate unicellular conidia, Apcl
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sub~globose, thin walled, evanescent, 5 ~ 6.6p X 45 - Habp,
8~gpored. Ascogpores hyaline, smooth or very finely woughened,
lenticular (eirouler in front view, oblong elliptical in side view),
245 «~ 5;13 X LeH = 2e Ty yellow ian maes,

Agaxnal ptates~ Sub-globoge o1 obovate, unicellulay or rarely

with 1 or 2 septa, conidia, 8.8 - 19,9m X 66 - 13.2p, walls
smooth, 0¢H = O‘TP thick. Conidia borme at the ends of the main
or short undifferentiated side bhranches, odcasionally sessile

along the dides of the hyphse.

Nunber of straing isola%edsm Soil, 1ll; mabbits, 3.

Culiunre on hair beit on soil

This gpecles, in the amexunl state, forms s creamy, slightly
floccose growth around the hailr and under low-power magnification
the conidis are ¢learly visible, As islusual Tewer conidia
are formed when cleistothecis develop. 'Phe cleistothecia may

be formed pingly or in clusters and when mature sre obvious.

Culture on agar medis

After 10 deys at 249C on 4% malt extract sgar, the edge of
the colony ls even, the reverse smooth, antimony yellow at the
gentre, shadlng to white at the edges. The solony surface is
white, smooth, slightly raised at the point of inoculatioen,

thinly grenular and, at the edge, glabrous. In old cultures the
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colony msurfece is yellow gxeam in colour. On glucose peptone
agar, the edge 1s finely rayed and slightly sunken. The
reverge of the colony is smooth and yellow. The central area
of the surface is ralsed, finely granulay and yellow cream in
eolour and outwith this ares the growth is white and finely
floccosa. Growth on 3% pepbone agar ie ddentical to that on
glucose pephone ager except that it is rather restricted.

A. multifidum does nol grow well on Czapek Dox agar.

Arthroderms cunicull Dawson (plates il - 13)

Heterothallic. Cleistothecisg globose, pale yéllow, 180 ~

580}, BV » Zalp diam., excluding appendagcese. Peridium 57 - 112#,
BV SBP thick. Perldial hyphae pale yellow, hyaline, meptate,
uncinately branched, usually to one side, the outside, of the
nain hypha. Cells dumb~bell shsgped at first, 5.8 « 10.@1}£

Sah = S.QP, wall well defined, cchinulate. Uells, when mature,
with 3 (rarely 2 ov 4) protubersnces developed around each end
of the dumb-bell, up %o 3.5p long and 1.2 - 2.Tp broad at the

point of contact with the oell.  Appendages to the peridiums:-

geptate, smooth walled spiral hyphae with 4 - 16 turns, terminal
or lateral. Ascl sub-globose, thin wglled, evanescent, 4.1 -
5.%p X 3T = 4.99, B-spored. Ascospores hyaline, smooth ox
finely roughened, lenticular (circular in front view, oblong

elliptical in side view), 2.2 = 2.9 X 1.4 = 2.0n, yellow in mese.
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Asexual states- Hyaline conidia, 2.4 - 5.%5n X 1.0 - 2.0p, unicell-

ular, clavate, amooth walled, borme on short undifferentiated
pedicels or sessile, '"en grappe" occasionally "en thyrses".

Number of strains isolated:~ Soil, 193 rabbits, 4.

Culture on hair bait on goil

In the asexual etate thls species forms a white, vexy
luppy, grenular growth sround the hair, Microconidia ave
produced "en grappe" in dense clusters reminiscent of conidisl
nodules without a peridium. Young cleistothecis are diffiounlt
to discern in this species bhecause they develop among the
microconidisl masses, but as the cleistothecia mature they become
obvious due to their increase in size. The cleilstothecia are

generally formed in clusters.

Culture on agar media

After 10 days at 2400 on 4% malt extract agar, the colony
edge is even and éunkén. The reverse is smooth and ambex
yellow in colour. The surface of the colony is white, finely
granular, glabrous at the edge and with sunken rays radiating
from the point of inoculation. On glucose peptone agar, the
edge of the colony is fern~like and submerged. The surface is
rather more floccose then on malt extract agar, raised at the

point of inoculation and shading from pale yellow to white at




the edges. The reverse is smooth and yellow. Oa 3% peptone
agar the edge is fern-like and the reverse smooth except fox the
central area which shows concentric folding. The centre of the
reverse 1s a dark yellow which shades to white at the edges.

The surface of the colony is heaped up at the point of inooculation
and this point ie surrounded by another raised ring, the

remainder of the colony ig smooth. The central area is cream
bulf in colour shading to white at the edges. The surface growth
in old colonies on all media is fairly heavy, granalar and often

yellow in colour and the roverse is orange yellow.

Avthrodermg cocleatus spe nov. (plates 14 - 16)

e g

Heterothallic. Cleistothecia globose, buff pink, 256 -

560m, ave 390m diam., excluding appendages. Pevidium AT = 104
thick, av. 75p. Peridial hyphae pale yellow, hyaline, septate,
branching weinately to the outside of the hyphae. The ontex-
most branches of the peridial hyphae sre often colled into a
gpiral. Celils, 6.6 = 13020 X 307 = 6421, thin walled, echinulate,
mainly symmetrical, dumb«bell shaped, often rather elongated

and occasionally showing a third central swelling. Average
breadth of cells at the narrow neck 2u. Cells with marked

globoge inclusions which are not fate or nuclei. Appendages to

the peridiums~ seplate, smooth walled spiral hyphae formed

terminally, rarely laterally, from 8 - 17 turns, usually tightly
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coiled. Asci sub-globose, thin walled, evaneacent, 4.1 - 5.3
X 57 = 4+49u, Bm~spored. Ascospores hyaline, swmooth ox finely
roughened, lenticular (cizeular in front view, oblong elliptical
in side vlew), 1.0 - 1.6 X 2.2 ~ 2.6p, yellow in mass.

Agexual states~

Hyaline, smoothewalled, septate, branching hyphae hearing
unicellular, thin walled, shortly clavate microconidia, 2.5 - 5.8
X 1.6 - 2.50. These are formed terminating short side branches
and are formed in dense clupters. Spiral hyphae are also found.
Habitab:~ Peathers in a swallow's nest.

Number of straing isolated:~ Nesgt, L.

This gpecies was named A. coclestus because of the spiral nature

of many of the outer brenches of the peridium.

Culture on sclil with hair bait

A buff-pink, finely grenular coating is formed over the
hair bait when the fungus ig in the asexual stote. Growth ip
nore flocoose when cleistothecia are poing to develop. These
are usually formed singly and when mature are buff pink in

colour. This colour is vexry typical of the species.

Culture on agar medise
On 4% malt extract agar after 10 days at 24°C, the edge of

the colony is even and slightly submerged. The reverse ig
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smooth, golden yellow at the cenire, shading 1o white at the
edges. The surface is white, velvety at the centre to finely
grenulsr at the sdge. The edge of the colony on glucose peptone
egar is finely divided and slightly sunken and the reverse iz
smooth and vreddieh ten in colours. The colony surface is finely
granular, raised at the point of inoculation and, in coloux,
buff pink at the centre shading to a paler pink ot the edges.

On 3% peptone agar the edge is even and sunken. The reverse is
smoeth and doep reddish tan in colour. The colony surface is
smooth and finely granular, glabrous at the edge and raised st
the point of inoculation. Ih colour the surface shades from
pinkish buff at the centre to white at the edges. 0ld cultures
on all these media show a heavy, finely granuvlar growth which

is evenly pinkish huff in colour.

Arthrodermg guadrifidum Dawson & Gentles (plates 17 - 19)

Heterothellices, Cleisptothecis stelliform, pale buff, 400 =~

700p, av. 580p dism., excluding appendages. Peridium 80 -
1§5p, av. 105P thick. Peridial hyphae pale yellow, hyaline,
geptate, uncinately branched, usuelly to one side, the outside,
of the main hyphsa. Cells thick walled, sbtrongly echinulste,
dumb-~bell shaped when young, when meture regembling s short
humerus hone with the condyles much sccentuated and formed on

one face only, 8.0 - 13.0 X 5 ~ Qp. Appendages to the peridiumi-
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septate spiral hyphae which vary congiderably in length end
number of turns, lateral or fterminal. Ascil sub-globose, thin
walled, evanescenty, 4.0 = 640 X 3.5 = 5+0p, 8~sporeg.

Agconporea hysline, smoolth or finely roughaned, lenticulax,
apherical in surface view, oblong ellipitical in side view, 1.8 «
2.7 X 049 ~ L.8p, yellow in mass. |

Stat. conid. Trichophyton terregtre Durie & Frey (1957)

Humber of strains ipolated:~ soil, 213 mnimals, %2; nests, 9.

Culture on soil with hair bheit

In the asexusl state, the growth of the fungus around the
hair 1s puve white, very granmuler and rather lwmpy., This is
caused by the profuse production of gsexual spores. In some
strainas, the spores are formed in very dense mamses resembling
conidial nodules but lacking a peridium. Other streins form
conidial nodules with a well developed peridium. The nodules
often ave f{ormed close together and therefore tend to be rather
irregular in shape. Ag with other spe&iee, gBexual sporing
is roduced if cleistothecia are going to develop. These are
formed abundsntly, eithexr singly or in clusters. Cleistothecia
and conidial nodules with a peridium have never been found in

the one soil plate.

Culture on ager medis

After 10 days at 24°C, on 4% malt extract agar the edge of
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the colony is even and slightly sunken and the reverse smocth

and buff yink in colour. The surface of the colony is finely
floccose but beconing granuler at the centre which is slightly
roised., In eolour, the surface shades from cream at the centre
to white et the edges. The edge of the colony on glucose peptone
agar is slightly irregular. The reverse is smooth and
colourless. The colony suxface is gramular and, at the centra
which is slightly raised, is cresm coloured. On %% peptone sgar
the aedge of the colony is slightly uneven and the reverse smooth
and yellow buff in colour. The surface ir granular and creamy
vellow at the centre and white and floccase at the edges. Qld
colonies on all the above media show heavy granular growth which

is dark oream in colour.

Arthroderms. lomondii sp. nov. (plates 20 - 22)

Heterothallic., Cleigtothecis stelliform, light buff to
oream buff, 330 ~ 570n, av. 450p diam., measured to points of
the star, excluding appendages. Peridium 76 - 152n, av. 107p
thick, measured to a point of the star. Peridial hyphae pale
yellow, hyaline, septate, branching uncinately. In the star
points the branching is more complicated, some hyphse forming
branches to each side, side branches aleo branching, all branches
re-~curving towards the centre of the cleistothecium. Cells

thin walled, echinulate, dumb-bell shaped when young, when
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metbure developing 2 or 3, varely 4, protuberances on the outexr
face of each end of the cell. Celle 5.3 ~ 12.51, av. T.2p in
longth and 2.5 -~ 4e9ps 8ve 3.8p in breadth excluding protuberances.
Protuberances up to 2.H6n in length and 0.8 - 2,0 in breadth

at the point of contact with the parent cell. Appendages to the

peridium:~- septate, smooth walled spiral hyphae of 2 - 6 turns,
ariaing terminally ox 1a£arally} Asgi sub-globose, thin welled,
evanescent, 3.3 - 4.92 X 2.9 - 4.2p, 8~spored. Ascospores
hyaline, smooth or finely roughened, lenticular (ciroular in front
view, oblong elliptical in side view), 0.83 « l.4%1 X 1.8 - 2.6p,
yellow in mass.

Asexuel gtate:- Hyaline, smooth walled,sdplate, branching hyphae.

Hacroconidla, 5.8 « 200, eve 11n X 2,0 = 347py ave 2.7, with

1 - 3 gmepte, clavate. Iacroconidla sessile or terminebting short
side branches, "en thyrses". Microconidia 2.5 - 4.2u, av. %.2p
X 1Le2 = 2.lp, ave 1.7, smooth welled, clavete, formed on the
hyphoae "en grappe" and "en thyrses.

Hebitat:- Soil, animel haixr and bird's nest.

Number of gtrains imolasted:~ soil, 13 mouse, 1§ nest, 1.

This species was named A. lomondii because the 3 isolates were

recovered from the lLoch Lomond district.

Cultvure on goill with hair bait

In the asexual state, & thin very floccose, whitish growth

covers the hairs. Very few asexual spores are produced and
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these are invariably macroconidia. Idcroconliddia which are
formed o abundantly on agar medie have not been seen on haiy
bait on solil. The cleigtothecia, which are markedly stelloid,

form profusely, generally singly but occasionally in clusters.

Qulture on agar meadia

On 4% mals oxtract agar after 10 days at 24°C, the edge of
the colony is even and slightly sunken. The reverse le smooth,
golden yellow at the centre, shading to white at the cdges.

The surface ims flat, slightly raised at the point of inocculation,
Pinely granular and pale cresm in colour shading to white at the
edges. On glucose peptone agar the golony edge is lrregularn,
fern-~-like and slightly sunken. The réverse is smooth, shading
from golden yellow at the centre to c¢olourless =t the edge.

The edge of the colony on 3% peptone agar is slightly uneven

and gunken. The reverse is smooth and creamy buff in colouxr.
The colony surface ds even, vexry pale cresm in colouxr and
floccosa. In old cultures on all the shove agar media, the

growth ds granular and creamy yellow in colourw,
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Arthroderms lomondii veriety (plabtes 2%, 24)

Of the 5 isolates originally belisved to he A, lomondii,
I have separsted 2 and, for the present, shall conslder them as
a variety of this species. The gtrains of the variety were
igolated from duck nests found on an island in Loch Leven.
Although the strains of A. lomondil and of the variety will mate
frecly emong themselves, they will not cross-mate with each
other. A comparison of the cleistothecia of the variety with
those of the species showed them to he almost id@nﬁioal in
morphology. There ars, however, some plight diffevences in
size which can be seen from table 12, In the imperfect state
algo, bhe specles and variety show some differences in size and
morphology but, agaiin, these are 0 insignificant that 1t would
be difficult to tell ome frowm the other.

Before it can be decided 1f these are separate species or
varieties of one specles, 1t will be necessary io study and
compare perfect and imperfect states of every isolate on a wide

varicty of substrates.
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Arthroderma minutum sp. nov. (plates 25, 26)

Tomathelldc. Cleistotheola etelliform, aream Lulf when

moture, 313 - 4943, ov. 3000 maximnm dlemeter, axcoluding sppendagas.
Pexidium 66 ~ 123p, av. 92n thick messured %0 a point of the star.
Panidiel hyphae pale yellow, byaline, branching frequently and
olosely in an uncinaite manner. In the stax pointa the branching
beaones nore complicated, Poridial cells thin walled, schinulate,
dunib-bell shoped when young, 5¢8 « 990 X 3.3 ~ 53p, vhen unture

with & single protuberance, up to 5 long and 1.6 = 3.7%n broad,

on the outer fave of each end of the ¢ell. Avpendagas to the

parddinm: ~ gnooth velled, septate, epimel hyphee, from 1 - 4 turns,
Yoogely coiled, latersl, ocecasionally termingl, uvevally formed
gingly from the cells bhut occasionally 2 from one sell.  Aseil
sub-globouse, thin walled, evonesceubt, 3.5 = Ao X 343 = 4450,
B-gpored.  Ascogpores hyaline, smooth or filnely roughened,
lenticular (ecircular in front view, oblong elliptical in side viaew),
1.7 » 2,51 X 0.8 « 1TR, yellow in mase.

Asexual gtoter- Hyaline sepbate, emooth walled hyphze bearing

clavate, smooth walled mecroconidioy Ted -« 106p,.aV. 1001 X
2.0 = Fu3py av. 2.9p, with one or 2 seplae, svsoile.
Hicrocanidia ReS « FoTPy a¥s Falp X 1.0 « 1l.8p, ave l.5pn, clavate
with slightly roughened walla, formed "en grappe'.

ﬁg&iﬁ@&:w soll from rabblt burvews.

Humber of steaing isolateds- soil, 3.

The fungus was glven the specific name minutum becaunse of the
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gmallness of the celeistothecia.

Culture on soil with helx bailt

In The asexual stabe, growth is whitish and thinly floccose,
The species grows very slowly and cleistothecia take over 2
months to reach maturity. There is, apparently, some factor
or factors not completely suitable in the soil hair bait conditions
gupplied 1n the laboratoxy. Although each of the primary
igselation plates in which this specles was found showed only
localized guowith, each;paﬁch contained perfectly formed
cleiptothecia with a well-developed ascus mass. in labbratory
goil hair bhait culture, however, although cleiptotheclis with amoi
wvere seen in each plate inoculated, the majority of the
cleistothecia contained little or nothing in the way of contents

although the peridia were well~formed.

Culiture on agar medis

Lfter 1O days at 2400 the edge of the colony on 4% malt exiract
agal ie even, slightly sucken end finely divided. The reverse
is smooth, cld gold at the cenitre shading to colourless at the
edges The surface of the colony is cream in colour and Lfinely
granular, graduating to glabrous at the edge. On glucose peptone
egar the edge 18 irrepular and fern-like, The reverse is smooth

and old gold in codour al the cenbtre. The surface of the colony




ig floccosge and shades from yellow cream at the centre to white
at bhe edge. On 3% peptone agsr, the edge is even snd the
reverse smooth and buff at the centre shading to white at the
edge. 0ld cultures on all the above media hecome granular

with & daxk buff reverse.
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Gomment

Although A, curreyi hes been described by Benjemin (1956)
and Xuehn (1958), the descriptions ere rather lacking in detadl,
probably because the genue was then represented by a single
gpecies, Benjamin gives only a generic descripbion and states
that the peridial hyphee of the oleistoﬁhecium anastomose and
that the ascosporaes appear Lo possess a slight equatorisl groove.
Although the isolates from the survey were carefully studied
with regard to these 2 points, neithoer could be confirmed,.

Certain features of the cleistotheclis of A. curreyli are, to

my mind, extremely characteristic of the gpecles. On examinsblon
under low magnification, peridial appendages consisting of
small spiral hyphae of 1 -~ 4 turng are notliceable as also is the
splral growth of the peridial hyphae (plate 5a). This growth
form, although still visible in wature cl