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SULMARY

The seasonal distribution of keratinophilic fungi has been
studied in the soils surrounding an outdoor swimming pool end in
s80ils of summer pens of hedgehogs. The species isolated were
conidial and cleistocarpic Arthroderma uncinatum, Irichophyton
Xerrestre, Chrysosporium keratinophilum, Microsporun cooked and
Microsporum gypseum. A correlation between some species and the
numbers of hedgehogs in the pens was seen, due to the influence
of keratin provided by the quills and scales of the hedgehogs.
No such relationship was seen at the swimming pool, although
conidial A. uncinatum was seen to decrease when the swimming
pool was open to the public in the summer. However, this appears
to be the normal seasonal occurrence since a similar pattern of
distribution in soils collected from outside the swimming pool
was seen,

The effects of the addition of fungicides to soil upon the
isolation of keratinophilic fungi have been studied, using the
hair-baiting technique. The general pattern showed an initial
fall in percentage colonisation of baits followed by a fairly
rapid recovery to give greater colonisation of greasy baits
compared with controls, and a return to the same or less than

the control on dezgreased wool. This contrasts with the normal
cbservation that the majority of keratinophilic fungi grow

better on degreased than greasy wool.



A study of the keratinophilic flora of soils of different
PH values and from coastel regions has been made as ground work
for the experimental section.

The new intake of students living in halls of residence at
Nottingham University was studied in relation to tinea pedis
over an academic year. The initial level in October 1972 was 94;
by May 1973 it had increased to 2)% but returned to 11% in
October 1973. In addition to any seasonal influence, there
seemed to be a 7. .. correlation between the sports played
by the students and the incidence of tinea pedis. The showers
in halls of residence and the University sports centre were
thought to be the main points of cross transfer of the infection.

'In the experimental section, the effects of pH, temperature,
fungicides end sea water upon certain keratinophilic fungi have
been examined in vitro.

Aspects of the nutrition of C. keratinophilum, A. uncinatum

andﬁg, terrestre were studied and the most suitable combinations

of carbon end nitrogen sources for optimsl growth were determined.
A study of the competitive séprophytic ability of several
dermatophytes was made dsing various techniques. By use of the
fluorescent antibody technique, it was found that A+ uncinatum
was a good competitive saprophyte in the presence of keratin
and can thus be regarded as a true so0il inhabitant.
Finally, the mating structures of Arthrodernma benhamiae,

A. tuberculatum, A. uncinatum, Nannizzia cajetani, N. gypsea

and N, incurvata were studied using the scanning electron

microscopes



SECTION I
OBSERVATIONAL




INTRODUCTION

A dermatophyte is considered to be a fungus
‘parasitising keratinised tissue of man and aniamals and
causing dermatophytosis (Ainsworth, 1971). The
philosophical question of whether keratin is dead or
living, and hence whether keratinophilic fungi are
saprophytes or parasites, is open to discussion.
However, not all fungi capable of utilising keratin
are known to be pathogenic to man. e.g. Ctenomyces
serratus and Chrysosporium keratinophilum, but all
keratinophilic fungi should be treated as potential
pathogens. Kaplan, Georg and Ajello (1958) suggested
that keratinophilic fungi could be separated, on the

basis of their normal occurrence into geophilic,

zoophilic and anthropophilic. Some geophilic
dermatophytes have been isolated from man or animals,
eege Trichophyton ajelloi (Georg, Kaplan, Ajello,
Williamson and Tildem, 1959; Lindqvist, 1960; Pier

and Hughes, 19613 Otéenégek and Dvo?ék, 1963; Rakhmanov,
Fedorova and Yashkuiz 1969; Refai and Ali, 1970 and
Hoffmann,Kolipp and Koch, 1970), HMicrosvorum cookei
(Lindgvist, 1960; Marples, 1961; Ridley, 1961; ariat
and Tapia, 19663 Schick, 1966, 1958; English, 1367;
Lundell, 1969; Hoffmamet al. 1370 and Frey, 1971) and
Trichophyton terrestre (Marples, 1961; iMarples and
Smith, 1962; Otgenégek and Dvo¥£k, 19633 Gip and iiartin,
19Ch; Gentles, Dawson and Connole, 1965; Connole, 1965
and Hoffmemmet al. 1970). These three species were also
isolated by Smith, Rush-Munro and McCarthy (1969) but

were considered to be contaminants and although some of

the literature cited concerns isolations from healthy



animals, there is evidence for the pathogenic nature of
each of these species,

However, the numbers of infections caused by these
three geophilics are small coxnpared with those caused by
Hierosnorun gypseum, which has been foﬁnd by many people
to infect man and animals (Ajello, 1953; :lenges, Love,
Smith and Georg, 1957; Lindgqvist, 1960; Alsop and Frior,
1961; Kaplan and Ivens, 1961; Ridley, 1561; Otcenasek
and Dvorak, 1963; Mohapatra and Gugnani, 1564; 3Smith and
Aarples, 1964 ;Keep and Pile, 19653 ZXoch, 1965; Bensch and
Gemeinhardt, 1966; Chuel, 1945; Donald and 3rown, 1966;
Flschman, Londero and Santiago, 1966; Gip and Hersle, 1966;
Herpay and Rieth, 1966; tata and iayorza, 1966; Alteras
and Evolceanu, 1967; Carter, 1967; Connole, 1967; Immel,
1967, Al-Doory, Vice and Olin, 1968; Kaben and Ritscher,
19683 Alteras, Nesterov and Ciolofan, 1968; kagalhdes and
Boesch, 1968; ulank, Taplin and Zaias, 1969; Steinerova
and Dubrovova, 1569;Alteras and Cojocaru, 1970, 1971;
Chamel and 3uchvald, 1970; Hoffman et al. 1570; Kadlec and
Podiv1nska, 1970, Pohler and Schonborn, 19703 3Baran, 1971;
Findlay, Roux and Simson, 1971; Weisbrmth and Scher, 1971;
Alteras, 1971, 1972; Belukha and Luk'yanova, 1972; Koehne,
1972 and Schonborn and Pohler, 1972).

Zoophlllc dermatophytes are xnown to be capable of
saprophytic survival in soil e.ge. Trichophyvton mentasrophvtes
{Schonborn, 1966 . L
Baxter, 1$69). Zumons,(1950) suggested that there was a

sound basis for the hypothesis that pathogenic fungi causing
human and animal disease were more commonly present in soil
and vegetation than mycologists generally realised. In 1951,
he stressed that greater attention should be given to the
occurrence of these fungi in soil. Ajello (1956) and Grin

) v o .
and Ozegovic (1963) have also discussed the significance of



a study of soil to dermatouycoses. luende and Jebb (1337)
found a ringworm fungué growing saprophytically on dung in
an animal shed and Watling (1963) reported various
keratinophilic Aleurisma spp. on hawk pellets. The
hypothesis of a saprophytic life of dermatophytes, proposed
by Vanbreuseghem (1952), has been upheld by the fact that
dernatophytes have been isolated from soil in all five
continents, Otéenégek, Dvorak and Kunert (1967) have
reviewed the literature up to 1964 about the distribution
of geophilice dermatophytes in the soil, lore isolations
throughout the world have been made since that time. These
include reports from Australia (Frey, 1965; Donald and
3rown, 1966),Belgium (Ajello, Varsavsky and Delvingt, 1965),
Colombia (Rogers, 1971), Czechoslovakia (Steinerova and
Buchvald, 1967), South Dakota (Knudtson andRobertstad, 1970),
France(Coudert, Michel-3run and Battesti, 1967; Percebois,
Burdin and [elluy, 1965), Geraany (Staib and &vangelinos,
1968; Kohler and Hoffman, 1965), Great Britain (3axter, 1965,
1969),Hong Kong (Turner, 1965), India (Padhye, i{isra and
Thirumalacher, 1366; Randhawa and Sandhu, 1965; Garg, 1965;
Gugnani, Shrivastzv and Gupta, 1367; Roy, Ghosh and Dutta,
1972), Italy (Ajello, Varsavsky, Sotgiu, iHazzoni and
Mantovani, 1964), Mozambique (Magalhzes and Boesch, 1968),
New Zealand (iMarples, 1365; Durie, 1961), Ohio (Xurup and
Schmitt, 1370), Poland (Cheginski, 1970; Prochacki and
BieZTunska, 1963), Polynesia (Marples, 1965), Portugal
(Cabrita and Figueiredo, 1973), Roumania (Alteras and
Evolceanu, 1267, 1969; Evolceanu and Alteras, 1967; Cgpu§an,
Bociat and Popesco, 1270), Sweden (Gip and Hersle, 1366;
FPalsson, 1968), Texas (Al-Doory, 1967), Thailand {(Taylor,
1966), USSR (Karatygziria, 1971) and Yugoslavia (Jankovide
Extfnbolicl, 1967).



Trichophyton mentagrophytes, T, ajelloi and Chrysosporiua

sppe have been found on dry leaf litter (Szathmé}y, 1970) and

T. terrestre, T. ajelloi, ificrosporum cookei and e Zypseum

were found by 3zlabanoff and Usunov (1967) on organic waste
of plant origin., However, it can be seen from the plethora
of literature that soil serves as a natural reservoir for
fungi which can cause rinzgworm and are pathogenic or potentially
pathogenic to 1an. Because of this it is inmportant to determine
more about the ecology of keratinophilic species in general
and the -autecology of indivicdual species. This would help in
the study of the epidemiology of cermatophyte infections.

Edaphic factors affecting the distridution and rrowth
of fungil which can attack keratin (both dermatophytes and
related saprophytic forms) have been given relatively little
attention in the past, Pugh (1971) comnented on the fact that
so few workers record the reaction of soils fro:n which they
isolated keratinophilic fungi that it was difficult to assess
the importance of this factor. He also stressed the lack of
data which would help to explain the observed distribution
patterns of keratinophilic fungie. Bohme, Rawald and Stohr
(1969) studied the effect of pH on keratinophilic funpi,
Buchvald, Steinerova and Hra¥ko (1957) also studied pH in
addition to calcium carbonate and humus content of the soil.
Chmel, Hasil{kovZ{ and lraSko (1971) studied humus content and
humidity of the soil in relation to the isolation of
xeratinophilic fungi. These workers appear to be among the few
who have studied edaphic factors influencing the incidence of
these fungi.

The present research was undertaken to investigate the
distrivbution in nature of certain xeratinophilic fungi with
special reference to areas where biotic factors, which provide

a %eratin source for these fungi, are present. It is generally



known that keratinophilic fungi can fre-uently be isolated from
the environment of animals (Ajello, 1953; Hejtmének, 19573
tienges, Love, Smith and Georg, 1357; Carmichael, 1561; Pier
and Hughes, 1961; Durie and Frey, 1952; Ajello et al. 1964;
Pugh, 1964; Frey, 1965; Petzoldt and Bohm, 19663 Staib and
Evangelinos, 1968 and Pugh and Zvans, 1970a) and that specific
keratinophilic fungi can be regularly found on hedgehogs
(Marples and Smith, 1960, 1962; English, Evans, Hewitt and
Warin, 1962; La Touche and Forster, 1963; English, 1954;
English, Smith and Rush-Munro, 1964; . uaife, 1956; Fox, 1958
and Morris and English, 1969). Hedgehog nests were examined

by English and Morris,(1969), but the soil on which hedgehogs
live has not been studied.

- People who use swimming baths have been sampled for tinea
pedis (Rosenthal, Baer, Litt, Rogachevsky and Furnari, 1956;
English and Gibson, 1959; Fichtenbaum, 1966; Alteras, Cojocaru
and Hontaru, 1967; Cordonnier, Lundy-iahieu, Parent and de 3eer,
1971 and Gentles and Evans, 1973). Cubicles and flosrs of
swinming pools Were studied in the past (ijello and Getz, 1954;
Gentles, 1956, 1957; English and Gibsom, 1959; Gip, 1961, 1967;
Gip and Aschan-Zberg, 1968 and Cordonnier et al. 1971), but
little work has been reported on isolations from soil at these
sites. Only Fichtenbaum (1956) isolated Trichoohyton ajelloi

and T. terrestre from earth and dust from an outdoor pool and

Evolceanu and Alteras (1967) isolated several keratinophilic

fungi from a grassy bathing place at a lakeside in Roumania.
Since hedgehogs were kept at the university and were

being placed in summer pens for only part of the year, and

an outdoor swimming pool was in close proximity,where visitors

only came for part of the year, a study was made to discover

and compare any seasonal changes in the occurrence of

keratinophilic fungi taking place at these two sites.



Work in the past on coastal soils (Pugh and Mathison,
1962; Dabrowa, Landau, Newcoser and Plunkett, 1964; Gip and
Paldrok, 1966; Marcelou-Kinti, 1968; Orru, Pinetti and Aste,
1968; Kishimoto and Baker, 1969) has shown that waile a
nunber of keratinophilic fungi ( including some dermatophytes)
had been isolated from these environments, certain species
such as Trichophyton ajelloi were not normally found in these
situations. It was decided to determine if this still held
true for soil samples at the coastal ecosystem at Gibraltar
Point, 10 years after Pugh and !Mathison carried out their work

and then to continue these studies to find out why there was
this distinct distribution.

The use of horn and hoof meal as a long-lasting fertiliser
in horticultural practice has been known to increase the
frequency of Microsvorum gypseum (Alsop and Prior, 1361) and
Somerville and Marples. (1967) showed that cowhorn shavings

also increased isolations of this species. Since soils from

a farm which had been treated with refuse,from a broiler
factory, were readily available it was thought to be of
interest to study the effect of this treatment upon the pressnce
of the dermatophytic flora. _

Fungicides are also frejuently used both in horticulture
and agriculture and whaile the work already mentioned was in
progress, other research in the iMycology laboratory at
Nottingham University was concerned with the effects of
application of fungicides on soil biology. This provided an
opportunity to study the effects of the fungicides on
keratinophilic fungi.

It is well 'wnown that pH has a distinct effect uvon the
erowth of fungi. 3ohme and Ziegler (1369) have documented the
literature relating to this subject. Their findings agreed in

meneral with those of Marples (1965) and Pugh (19%6) bvut



disagreed with those of Rodziewicz (1963) for Trichophyton
ajelloi. Marples isolated this species mostly from highly
acidic soils while BOhme and Ziegler and Pugh found that

L. ajelloi was found mostly at pH 6 or less. Rodziewicz
however, isolated most of his T. ajelloi from soils at pH 8.
Soils at Sutton Bonington Agricultural School which had been
treated to give values of PH 3.5 to 8.5, increasing by units
of 0.5, were readily available and studies were carried out

to determine the effect of pH on the isolation of keratinophilic
fungi.

During the course of this research at Nottingham, a
good opportunity arose to study the same group of people over
a 12 month period or more, and a tinea pedis survey was
carried out to investigate the distribution of the infection
over an academic yeare. Although lLegge, Bonar and Templeton,
(1929 a,b), Gould, (1931), Muskatblit, (1933), Marples and
Bailey, (1957), Marples, (1959), and Doby-Dubois, Berthault
and Doby, (1961) have studied students in the past, only Legge
et al. repeated the tinea pedis survey of the students after a
few months. Apart from English and Gibson, (1959), who studied
boys at a boarding school twice in one yeaf, no other such studies
on students have been reported in the literature.



SAMPLING SITES

S0il samples were collected from:=-
a) Highfield's swimming pool, University Park, Nottinghame
N.G. Ref. SK545385
b) hedgehogs' pens at Nottingham University Zoology Department,
N.G. Ref. SK545385 )
¢) Rothampsted Experiiental Station, Harpenden, Herts.
N.G. Ref. TL123135
d) Sutton Bonington Agricultural School, Nottingham University.
N.G. Ref. SK505262
e) Gibraltar Point, Lincolnshire. NeG. Ref. TF555576
f) a Pembrokeshire farm. N.G. Ref. SM338090
g) University Park soils from the Nottingham University Botany
Department, which were used for experimental and some
observational work,

Fest material was collected from nesting boxes within the
hedgehog pens. Spines and scales were collected from the
hedgehogs.

During the tinea pédis survey.skin samples were taken from
first year students at Nottingham University.v

Highfield's swimming pool is an open-air pool with 3 grassy
areas. Between the grass and the pool is an expanse of concrete
including a sunbathing area and some of the changing cubicles,
(Figure 1), Visitors use the pool from the end of May to the
end of September.

The hedgehog pens are enclosﬁres Lm square with nesting
boxes containing hay, inside on the mixed vegetation (Figure 2).
The hedgehogs live in the pens from March to the end of
September. Four was the maximum number of hedgehogs in one pen
at any time; 1 male and 3 females. Other animals such as shrews,

mice and birds were known to enter the pense



FIGURE 1
Highfield's swimming pool

FIGURE 2

Hedgehog pens



Field trials of fungicides were taking place at Sutton
Jonington and Rothampsted. The fungicides being tested at
Rothampsted were formalin, applied at 500 l/ha., captan at
9 kg/ha., dicloran at 4 kg/ha.; thiram at 13.4 kg/ha and
quintozene at 11.2 kg/ha., The last three had been applied
before these doses with half dosages of the szme fungicides,
i.e. dicloran 2 kg/ha, thiram 6.7 kg/aa and quintozene at
Se6 kg/ha. Initial sampling after these applications was not
very inforpative and since the results from the trials, which
were being run by entomologists were also not informative,
second treatments were given and resampling took place more
frequently to determine immediate effects. At Sutton Bonington,
Triarimol at 2 kg/ha., lilcol at 5 1/ha., captan at 5.6 kg/ha.
and dicloran at 1.65 kg/ha were bveing tested. All fungicides
were applied in suspension with the exception of formalin which
was in solution. _

A further 3 soils were collected from Sutton Bonington.
The soil was officially classed as Astley Hall cosplex and the
‘texture is sandy loam of variable depth (1-2m) over Keuper Marl,

with imperfect drainage.

TABLE 1
Treatment of Sutton DBonington soils to give different pH
values,
pld of soil annual dressing
4,2 0.27 x 10° kg S ha™"
6.7 0.65 x 10° kg ca(ou), ha™'

(c. 5 cwt/acre)

8.2 6.5 x 10° kg Ca(oH), ha
(c. 50 cwt/acre)

-1
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Gibraltar Point is a coastal nature reserve in Lincolnshire.
Several samples of soil were taken from the marine ecosystem:-
a) mud uncolonised by higher plants
b) below spring high water mark, colonised by Sueda and Salicornis
¢) below high water mark
d) above high water mark
e) new foredunes (Fizure 3)

f) mature eastern main dunes (Figure 4)
g) trapping chambers of the Heligoland bird traps. (Figure 5)

Sanples of s0il were collected from two areas at a
Pembrokeshire farm. One sample was from a field with early
potatoes growing in it. There had been a great deal of turkey
broiler factory debris (féathers, feet, heads and insides) used
as manure on soil. The second sample was dug out from a hedge,
isees not receiving the same treatment as the potato field.

A survey was made for the incidence of tinea pedis among
the new intake of students at Nottingham University in October
1972 and October 1973. The students in the 1972 intake were
sampled 3 times altogether, the second survey taking place in
May 1973 and the third in October 1973 when the new intake was
also sampled. The Octobér surveys took place in the first two
weeks of the students' attendance at the university in order to

determine the initial incidence of tinea pedis.



GIBRALTAR POINT

FIGURE 3
New foredunes

FIGURE 4
Mature eastern main dunes



FIGURE 5
Heligoland bird traps
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MATERIALS AND METHODS

Sampling orocedure

So0il samples from the swimming pool and hedgehog pens
were collected once a month for a year. AtRothampsted and
Sutton Bonington soils were collected at various times after
treatment with fungicides.

All so0il was collected in sterile polythene bags,
sealed, labelled and returned to the laboratory. Samples not
used immediately were stored at 2°C. In the case of the
swinming pool and hedgehog pens, soil was taken from the top
10 cm of the profile. The soils that had been treated with
fungicides were collected in cores 20 ca long using an auger
to obtain them.

At the swimming pool the samples were collected from
7 sections across the main grassy patch at random; one further
séﬁple was takén from behind the diving board. Samples were
taken in the 8 hedgehog pens along the running tracks of the
hedgehogs. Two "controls", which were nét under the influence
of the biotic factors, were taken for each of these 2 sampling
sites from outside the "experimental' area.

Nunbers of people attending the swimming pool were
recorded and the numbers of hedgehogs in the pens each month
wefe noted. Soil temperature was measured every month when
samples were collected from these two sites. Rainfall cata
were obtained from the Department of Geography, Nottinghanm
University.

A latin square was laid out at Sutton Bonington. The
plot consisted of a sguare 15 x 15m divided into 25 3 x 3m
subsquares. Fungicides were applied in suspension and each
treatment occurred once in each row (Figure 6). Plots were
sampled by placing a grid on each 3m square. Numbers taken
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from tables of random numbers (Fisher and Yates, 1953) were
then used to locate a point in the 3m s:uare. Three random
cores rer 3ii square were taken, making & total of 15 sanmples
per treatment,

A split plot design was used at Rothaapsted. Four
replicates of each treatment were used (Figure 7). Polythene
bazs were thrown randomly and soil samples were collected from
each point in a sectorwhere a bag landed, i.e. 16 samples per

treatment in all.

The coliection of soils of different pH value was made
from samples of surface soil from the length of each plot. The
samples were collected separately, at random and placed in a
bucket, mixed and then subsamples were taken and placed in

polythene bags, labelled and taken to the laboratory.

To collect nest material from the hedgehogs' nesting
boxes sterile polythene bags were turned inside out (English
and Morris, 1369), a handful of hay gathered and the bag was
then turned the correct way over the material so that it was
untouched by hand.

Hedgehogs were picked up and dropped from a height of
one foot onto a large sheet of paper. They were also rubbed
with thick gloves and scratched with unbent paper clips, to
obtain quills and scales.

Students were chosen randomly from the first year intake
and they were asked to give a sample scraping of skin fronm
between the 4th and S5th toes on both feet. A fresh wooden
spatula was used each time to take the samples Although some
workers use a scalpel to take the sample and frejuently draw

blood in doing so, this method was not used because of lack of
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medical supervisione The skin particles were collected on black
paper which was folded and placed in an envelope, upon which
details of coliection were noted. The envelopes were taken to
the laboratory and if not used immediately were kept at 2°¢c.
All students who gave samples of skin, filled in suestionnaires

designed to establish hysiene standards and social behaviour.

Laboratory procedure

All soil samples were passed through a 2 mm sieve and a .
layer of this soil was poured into 6 9 cm petri dishes for each
sample, with 10 for the soils of different pH values. The soils
were kept moist with sterile distilled water. Half the plates
were baited with 1 cm portions of degreased Animal Wool, B.P.
and half with greasy wool. All plates were incubated at 25°C
and examined evéry week for 4 weeks. Presence of fungi on the
wool baits was recorded for the swimming pool and hedgehog pen
soils. When the bfotic factors were present at these sites,
percentage colonisation of the wool by each fungus was
determined by counting the fungi on ten hairs picked randoumly
from the soil surface from each petri dish. This method was
used for the soill samples from all the other collecting sites.
Hairs were exanined in lactophenol mounts. Isolates were
cultured on Sabouraud Dextrose agar to confirm identification.
Soil crumb plates (Warcup, 1950) were set up for the swimming
pool and hedgehog'pen s0ils and soils treated with fungicides.
A 0.1 g crumb of soil was placed in 6 9 cm petri dishes and
covered with 15 ml S.D.A. supplemented with 40 mg/l1
chloramphenicol and 500 mg/l cyclohexiuide. These plates were
agitated to disperse the soil particles and when the agar had
solidified the plates were placed at 25°C and 35°C (half the
plates at each temperature) and studied for two weeks.

iledgehog nest material was cut into 3 cu pieces and 5
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piepes)picked randomly, wers placed on each of four plates of
supplcaented 3.D.A. Two plates were incubated at 2500 and 2 at
35°C. The juills and scales were plated out and incubated in the
Same manner,

The skin samples from students were plated out onto malt
extract agar (Gentles and Dawson, 1958), supplemented with
chloramphenicol at 40 mg/l and cycloheximide at 500 mg/l plus
ink blue at 50 mg/1 (Baxter and Cooper, 1964; Quaife, 1968). The
plates were incubated at 25°C for 5 weeks to allow developuent
of dermatophytes even if they were initially inhibited by yeasts
which appear early after inoculation. Plates were exanined daily
for evidence of decoloration of the blue ﬁedium. Cultures were
taken from these decoloured areas and identified. (rigure 38),
A microscopical study was not made of the skin samples because
there was insufficient material.

Cycloheximide and chloramphenicol were used to eliminate
bacteria and unwanted 801l saprophytes. TChumoMPhEAiad“fS.
preferable to streptomycin and penicillin because’Lt‘) can bpe
autoclaved.

Soil measurerents
a) pH

The pfd of all soils was measured. One part of

sterile distilled water (pH 7) was added to one part of soil
in a McCartney bottle, shaken for one hour and then left to
stande. The pH of the liguid was measured using a Pye Unicam
pH meter. pH was recorded for all soil samnles from the
swimming pool ani hedgehog pens every month, whilst that of
the soils treated with fungicides was recorded once, at the
beginning of the study period.

b) water content

Water content of the swimming pool soils and



FIGURE 8

Decolorisation of ink blue medium
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hel;zhog pen soils was measured. A xznown weight of soil was
placed in a weighing bottle, placed in an oven at 100°C,
allowing water vapour to escape. Tae bottle was reweighed
after 12 h, after it had been cooled in a desiccator. The water
content was calculated as percentage dry weight.
¢) loss on ignition
Loss on ignition of swimming pool and hedgehog
pen solls was measured. The oven dry soil from the water content
determination was placed in a crucible after being weighed. It
was then placed in a muffle furnace and ignited at 350-400°C
for 7-8 h. The crucibles were allowed to cool in the oven and
then in a desiccator before beins reweighed. Loss on ignition
was calculated as percentage oven dry soil. This result
represents a combination of organic matter and CaCO3:
Another measurement was made for organic carbon alone.
d) organic carbon content (Walkley and Black, 1934)
Estimation of organic carbon was made using a method
which utilises a rapid titration procedure following wet
digestion. An 0.25 g portion of finely ground, air=dry soil
was placed in a 500 ml, wide-mouthed conical flaske. Ten ml of
1N potassium dichromate was added. Then 20 ml of concentrated
sulphuric acid was carefully run in. This mixture was shaken
for 1 min. and then left for 3 he. Then 200 ml of distilled
water was added, plus 10 ml 85% phosphoric acid and 1 ml of
diphenylamine indicator. The chromic acid unreduced at the end
of this process was titrated with standard ferrous sulphate
from a burette until the purple colour changed to green. A
calculation of the amount of carbon which has been oxidised is

made using the formula

x 0,003 x 100




where V

[}

4 volume of 1N potassium dichromate

V2 volume of 1N ferrous sulphate

W

weight of soil taken

This measurement was expressed as a percentage of the soil
weight.

16
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RESULTS

A1l fungi isolated by the hair baiting technigue were
recorded, but since the work concentrated on keratinophilic
species only those results have been presented in this section.
The other species of fungi isolated can be found in the Appendix
I,

Isolates were named according to the form in waich they
were recorded unless mating experiments of imperfect forms
with known strains demonstrated that they were typified by a
perfect state. In which case the perfect state name was used,

€.gs conidial Arthroderma uncinatum was the name used for the

imperfect strain of this fungus and cleistocarpic A. uncinatunm
for the perfect state, If however, it was not known whether the
imperfect state was typified by a perfect state, esg. in the
literature, then Trichophyton ajelloi was the name used. Only

imperfect strains of the other keratinophilic fungi were

isolated and they were named as such, i.e. Trichophyton

terrestre, Chrysosporium keratinophilum, Microsporum cookei

and M, pseun, since it was not known if they were typified
by a perfect state.
Ajello (19683) discussed the taxonomic position of

Keratinomyces ajelloi Vanbreuseghem and transferred it to

Irichophyton because of the affinities with the perfect state

Arthroderma. Trichophyton has been used in this study, although

it is recognised that there are many published papers using the
name K{ ajelloi. Further doubt on the true position of this
species centres around serological and immunological affinity
between Microsvorum species and Ke ajelloi discovered by Shatik
(1965) and Rogers (1963). Malkina (1963) and Arievich and
Stephanischeva (1953) also considered that T, ajelloi should be

transferred to Microsporum on the grounds of similar biological
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an2 morphological featurese v

Growth of hyphae on wool baits could be seen within a few
cays of the so0il being sprinkled with the keratin. However,
sporulation was not normally seen until after 7 days and these
early observations have been recorded only as sterile hyphae in
the first week., These results have not been plotted on the
histograms on occurrence of keratinophilic fungi.

The seasonal distribution of the keratinophilic fungi
isolated from the swimming pool and the hedgehog pens is shown
in the histograms (Figures 9 - 20). Figures 21 and 22 show the
mean pH of the soil at the time the soil samples were collected
and Figures 23 and 24 show the numbers of people and hedgehogs
present at the sites throughout the year. The seasonal rainfall
and soil temperatures at University Park, Nottingham i.e. the
place encompassing the two sampling sites, can be seen in
Figures 25 and 26,

Highfield's swimming pool

Experimental soils refer to those from inside the sampling
area and control soils refer to those obtained from outside the
areae

The conidial state of Arthroderma uncinatum was the most

abundant keratinophile isolated at the swimaing poole It was
present in at least 50% of the soil samples taroughout the year.
This species was present in 85% of the total soil samples baited
with degreased wool and in 75% of those baited with greasy wool.
Conidial A. uncinatum was present in all soil samples in April
and then its occurrence fell off gradually until September when
another peak was seen. This slight decrease in the isolation
rate corresponded with the time that the pool was open to the
public,

There was little correlation between presence of conidial

A.uncinatum and pH, rainfall or soil temperature, although at
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Figure 21

Seasonal pH of soils at Highfield's swimuing pool

Fi_ure 22

Seasonal pH of soils at hedgehog pens

Figure 23

Numbers of people attending Highfield's swimming pool

Figure 24

Numbers of hedgehogs in pens



7.0

6.0

5.0

L.5
4.0

3¢5
340

10000

6000

2000

30

20

10

Figure 21

Figure 22

Figure 23

Figure 24




FIGURE 25

SEASONAL RANFALL AT UNIVERSITY PARK,N OTTINGHAM

millimetres of rain
NS e e 3
© © © o o &

O N D J F M A MIJ J A S O
TIME IN MONTHS

SEASONAL SOIL TEMPERATURE AT UNIVERSITY PARK

20

L)

o

FIGURE 26



19

soil temperatures around 8°C isolations of this species were
at their lowest (50 = $5%).
Arthroderma uncinatua cleistocarpic form was isolated

occasionally from the swimming pool soils (2.4% mean presence

on degreased wool and 1.2% on greasy wool)., There appeared to
be no correlations with physical or edaphic factors measured.
The maximum percentage presence was 12% in Noveamber,

Chrysosporium keratinophilum was isolated from 15% or more

of the soils throughout the year. Mean presence on degreased
wool was 29% and on greasy wool 43%. There was a peak in winter
(85%) but in general the distribution of this species was fairly
even. The only general correlation between C. keratinophilum

and any paysical factors was that the highest percentage
presence (Y60%) occurred during the winter months and the lowest

during the sumrer,

Trichoohyton terrestre was isolated in small numbers from

the soils throughout the year., The mean presence on degreased
wool was 22% and on greasy wool 25.:. There were no obvious
maximum or minimum peaks, but the lowest isolations (August to
October, 15 = 4%) were at the higher soil temperatures of 18%
to 23°c and there was a generally higher level of isolation
from November to June, when the soil temperatures were lowers

Microsvorum cookei was, in general, also evenly

distributed during the year, but with an alaost coaplete fall
off in autumn and early winter; months with low rainfall
(October, December, April, August and October), with the
exception of November and September, showed lowest percentage
presence., The mean presence of ﬂ.cookei was 12% on degreased
wool and 10% on greasy wool. The maximum and only peak was in
January (44%).

M. pypseum was rarely isolated. Its mean presence on

degreased wool was 5.3% and on greasy wool 2e1%e
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All the keratinophilic fungi recorded, except T.terrestre

and C. keratinophilum, were isolated more frequently on degreased

than greasy wool. There was no evidence of one species being
present when another was absent and vice versa.

Hedgehog pen soils

+Conidial A. uncinatum was most freguently isolated, as it
was at the swimming pool, but on this occasion the percentage
presence was a little lower (mean presence on degreased wool
was 72% and 56% on greasy wool) and the maximum peak of 100%
occurred a month later, in May. There was a high percentage of
conidial-A. uncinatum from May to July when the hedgehogs were
in the pens, : ,

Cleistocarpic A. vncinatum had a mean presence of 4.,1% on.

degreased wool and 3.,7% on greasy wool. -The maximum percentage
isolation of this species was in June (25%) just after the
maximum number.of hedgehogs, but no other correlations were
obvious. There was also an increase in-incidence in the late

spring-and early summer of C. keratinovohilum (24% up to 74%),

M. cookei (6% to 26%).and M.gypseum (0% to 8%) which coincided
with the maximum number of hedgehogs in the penss There was a

degrease in conidial A. uncinatum, C. keratinophilum, M. cookei

and M. gypseum when the hedgehogs were removed from the pense
Te ‘terrestre showed: a converse correlation with the presence of
;;dgehogs, i.e. it had a higher incidence (64%) in the absence
of the hedgehogs :than in’ the presence of them (20%). The mean
prééence of T. terrestre was 30% on degreased wool and 28% on
greasy wool. .o Tl

The mean presence of C. keratinophilum was 27% on degreased

wool and 41% on greasy wool.

Conidial‘g.‘uncinatum was isolated less when soil
temperatures were below 8°C (52%) whereas T.terrestre was
generally‘isblatéd more between 5°C and 15°C (in December,
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January, April and July) than when soil temperatures were above
thise. 3oth these observations agreed with those made for the
swimming pool soils.

The mean presence of M. cookei was 6.3% on degreased wool
and U on greasy wool. Results for M. cookei were similar to
those made for this species at the swimming pool, i.e. the
greatest percentage presence was when there was high rainfall,
with the exception of May, but in this month the most hedgehogs

(28) were in the pens.

Microsporum gypseum was isolated only very rarely fron

the hedgehog pens (mean presence was 0% on degreased wool and

1% for greasy wool). The highest incidence of M. gypseum, which
was 8% in May, was when the pH of the soils was at its highest,
i.e. pH 4,5, At the swimming pool, the pH was in a range 2 units
above those of the hedgehog pens and this specles was more
frejuently isolated. No correlation was noted between higher
ﬂ.ygvgseum presence and lower soil temperatures as it was at the
swimming pool, but low rainfall in May and August coincided with

the only occasion M. gypseun was isolated.

Rainfall and soil temperatures

The driest months were December, April, May, August and
October, and the wettest were March, July and Novembere

The s0il temperature was low in November and January,
with a slight rise in December, and it steadily rose from 5°C to
25°C from Janﬁary to September, after which a decrease in

temperature was notede.

Edaphic factors 4
Tables 2 and 3 show the mean soil measurements for the

swimming pool and hedgehog pen soils and the mean percentage
presence of the keratinophilic fungi at the 2 sites.
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Lpart from the fact that pl values were higher in the control
soils, where most keratinophilic fungi were isolated, no other
obvious correlations were noted. However, cleistocarpic and
conidial A. uncin:tum, M. cookei and M. gypseum were isolated ..

more from soils with low water content and higher pH values,

whereas for T. terrestre the converse was true. Ce. keratinophilum

was virtually isolated in the same numbers at the swimming pool
experimental and control soils, but more in the controls of
hedgehog pen soilse. In general the distribution of this species
resembles that of M. cookei, M. gypseum and both states of A,
uncinatume

Overall the keratinophilic fungi were present in greater
numbers in the control soils, with the exception of T, terrestre.

M. cookei, M. gypseum and cleistocarpic A. uncinatum were

appreciably more in controls than experimental soils.

Individual month recordings

On degreased baits,conidial A. uncinatum was nmore
fretuently isolated from the experimental soils than the controls
of hedpehog pen soils in December, June, July and August and from
the experimental soils of the swimming pool in HMay, July, August
and September. On greasy baits the differences in nuambers of
isolations were consistently smaller. Cleistacarpic A. uncinatum
was isolated more from experimental soils on degreased wool than
controls soils at the swimming pool in November, June and August
and in the hedgehog pens on degreased wool in December, January,
February, April, June, August and September.

with C. keratinophilum however, where more isolations

occurred on greasy baits, the increases in experimental soils
were greater in November, December, January and July on both
degreased and greasy wool, while at the swimming pool isolations

were greater in experimental soils in October, January and March.
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Numbers of To terrestre, in general’were hicher in
esperimental soils than cont:ols in. hedgehog pens and at the
swinning pool, although there were a few exceptionsl months
when the controls yielded more isolates.

In the hedgehog pens ﬁ. bookei and M. gypseum were always
higher in numbers in controls with the exception of May and
January, respectively. At the swimning pool however, M. cookei
was isolated more in experimental soils in odd months, showing
no particular distributionyand M. gynseum was isolated more
from experimental soils in November, January and August.
However, both were really isolated so seldomly that detailed

comparison was not possible.

Biotic factors

Figures 27 and 28 show the percentage colonisation of
degreased and greasy wool baits by the keratinophilic fungi
isolated from the swimming pool soils when biotic factors were
present.,

For all cases of conidial A. uncinatum and C,

keratinophilum and all but one of M. cookei, percentage

colonisation was the same or greater on degreased wool than
greasy woole
a) degreased wool

In the first 3 samples of soil from the swimming pool,
after people had started attending the pool, percentage
colonisation of wool by éonidial A. uncinatum was lower in the
experimental plots (37% - 57%) than the control (55% = 65%).
However, in the fourth sample when no people were attending the
pool the experimental percentage was greater (57%) than the
control (53%). In general, this applied to C. keratinophilum too.

Microsporum cookei and T. terrestre had low percentage

colonization throughout and no real trends could be detected,
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Prichophyton terrestre was isoclated, in general, more in -

experimental soils than controls.
b) greasy wool
In the case of greasy wool the percentage colonisation

for conidial A. uncinatum and C. keratinophilum was greater in

the control with the exception of the first sample where C.

keratinophilum was only isolated from the experimental soils.

Microsporum cookei was isolated more from the controls

than the experimental soils although in the fourth sample, no
evidence of this species was seen.

The percentage colonisation of wool by T. terrestre showed
no particular trends on greasy wool, although in the fourth

sample it was only found in the experimental soils.

Figures 29 and 30 show that percentage colonisation of
greasy wool by keratinophillic fungi from hedgehog pen soils
was the same as or less than that of degreased wool for

conidial A. uncinatum and C. keratinoohilum. This was the case

with the swimming pool soils. Percentage colonisation of greasy
wool by T. terrestre exceeded that of degreased wool in the
secdond and third soil samples. M. cookei was hardly isolated
in the experimental soils baited by either wool type.
a) degreased wool
In all cases but one of baiting hedgehog pen soils,
the results of the controls were higher than in the
experimental soilse. The exception to this was the percentage
colonisation of wool by T. terrestre in the second soil sample.
The percentage colonisation of degreased wool by
keratinophilic fungi fluctuated little over the four months
of sampling with the exception of conidial A. uncinatum. In
this instance percentége colonisation fell in the second and

third samples, but increased in the fourth. .
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b) greasy wool
The course of colonisation resembled that of
cdegreased wool, although in this case T, terrestre was isolated
in the control soils in the second sample but not in the fourth,
i.e. the opposite of degreased woole. In the experimental soils
To terrestre increased in the second and third samples and

decreased in the fourth sample.

Soil crumb plates

Growth of keratinophilic fungi on soil crumb plates was
rarely observed in any of the soils examined, but the few
isolations there were can be seen in Figures 31 and 32, which
represent the swimaing pool and the hedgehog pens respectively.

The results of isolations on agar of kXeratinophilic

fungi are not comparable with those by baiting,

Hedgehog nests

No xeratinophilic fungi were isolated from nest material,
The species of fungi which were isolated are presented in the
Appendix III

Hedgehors

Trichophyton erinacei was isolated from only one hedgehog

throughout the sampling period. It was isolated from 2 spines
whilst the hedgehogs were in winter jguarters. In the sumnmer pens,
although many spines and scales were collected,no isolations of

T. erinacei or other keratinophilic fungi were made from them,
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Results of isolations from Rothaupsted soils treated with

fungicides,

Figures 33 - 36 represent percentage colonisation both
of greasy and degreased wool by conidial A. uncinatum before
and after treatment of s0ils with fungicides. With the
exception of formaldehyde and greasy wool, an immediate drop
in percentage colonisation was seen in all combinations.
Thereafter, in general, a return in the degreased wool to
approximately the level of the control or less and with greasy
wool an increase compared with the control was seen.

Figures 37 - 40 show results for Ce keratinovhilume The

only initial fall in percentage colonisation by this fungus
was with captan and formaldehyde on degreased wool and thiram
with greasy wool In all the other combinations initial
percentage colonisation increased and after one drop in
percentage colonisation the final result showed an increase
on greasy wool compared with the control and a fall compared
with the control on degreased wool, with the exception of

captan and gquintozene.

Bg§ylts of isolations fron SuttqqNBQQinggqugpilsmppggggg

with fungicides.

The soils at Sutton Bonington were sprayed 2 days before
the first sample.

Figures 41 - 44 represent percentage colonisation of
degreased and greasy wool by conidial A. uncinatum. Initial
percentage colonisation of degreased and greasy wool, with the
exception of treatment with Triarimol, was below that of the
control. As was the case at Rothampsted, the degreased wool
colonisation returned to below the control and the greasy to
above, or the same as, the control.

Figures 45 - 48 represent percentage colonisation by
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Percentage colonisation of baits by A. wncinatum from soils

at Rothampsted treated with fungicides

Degreased wool

Figure 35 = ® -~~-e Formaldehyde

Figure 36 = A -~--A Dicloran
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Percentage colonisation of baits by C. kerat inophilum from soils

at Rothampsted treated with fungicides

De Greasy wool

Figure 37 =~ o ——0©0 Formaldehyde
K ——X  Captan
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Percentage colonisation of baits by C. xeratinoprnilum from soils

at Rothampsted treated with fungicides

greased wool
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at Sutton Bonington treated with furgicides
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Percentage colonisation of baits by g. keratinophilum from

soils at Sutton Bonington treated with fungicides

Greasy wool
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Percentage colonisation of baits by C. keratinophilum from

soils at Sutton Bonington treated with fungicides
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Ce keratinophilume. In thae case of dicloran and captan, initial

percentage colonisation was 0 compared with 1007 in the control.
This also applied to Milcol and greasy wool. Triarimol, on the
other hand produced an increase compared with the control in the
first sazple on greasy wool, as did Milcol and degreased wool

for colonisation by C. keratinoohilum. Captan was the only

fungicide where this species had 0% colonisation of both types
of wool at the end of the samnpling period. iilcol was the only
fungicide where percentage colonisation was not 0% for one type
of wool at the end of samplinge. -

At both Rothampsted and Sutton 3onington, T. terrestre was

rarely isolated from either control or experimental soils.

Comvarison of the effect of dicloran and captan at Rothampsted

and Sutton Boningtony for A. uncinatun.

Dicloran and captan were the only two fungicides used at
both Rothampsted and Sutton 3oninston. A comparison of their
behaviour at the two places shows that dicloran behaved in a
sinilar manner on both greasy and dégreased wool. On greasy
wool the percentage colonisation rose above the control at 45
days and on degreased wool it rose above the control at 18 days
at Sutton Bonington and 50 days at Rothampsted. The figures
fell melow the control again at 140 and 110 days respectively.
Captan, on the other hand, showed a distinct inhibitory effect
upon colonisation of degreased wool at Sutton 3onington, but
not at Rothampsted, and a distinct stimulatory effect at
Rothampsted but not Sution Bonington on percentage colonisation
of greasy wool. Captan and degreased wool at Rothampsted and
captan and greasy wool at Sutton Bonington showed neither an
inhibitory nor a stimulatory effect after 120 days. There

appeared to be a quicker reaction at Rothampsted by conidial

A. uncinatum to capten.
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No similarities were seen between percentage

colonisation by C. keratinovhilum at Rothampsted and outton

Bonington when soils had been treated with dicloran and captan

and no clear-cut contrasts were seen either.

Comparison of pretreatment and posttreatment percentage

colonisationgat Rothamvsted,

Table 4 shows the observations made for percentage
colonisation of degreased and greasy wool at pre and post
treatment and the percentage change after treatment both
immediately and after 120 days, for conidial A.uncinatum.

Formaldehyde had the greatest initial inhibitory effect
on percentage colonisation by conidial A, uncinatum of degreased

wool, but the least for greasy wool. Captan and thiram gave the

greatest initial inhibitory effect on colonisation of greasy
woole On degreased wool quintozene had the greatest inhibitory
effect after 120 dayse. The effect of formaldehyde and captan
was not noticeable at 120 days and dicloran and thiram showed
no change in percentage colonisation at 120 days from 1 day.
On greasy wool, however, the effect of the fungicides
was shown after 120 days as having a stimulatory effect upon

colonisation by conidial A. uncinatum. Formaldehyde had the

greatest effect both witﬁ_degreased and greasy wool after 120
dayse

" Comparison of the pretreaxtment and final percentage
colonigation differs in degreased and greasy wool. The former
results show, in general, a decrease compared with the

pretreatment, whereas the latter shows an increase compared
with the pretreatment,
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Comosarison of pretreatment and posttreatment percentage

colonisation at Sutton Boninstone.

(At Sutton Boninston the treatment of soils was 2 days
before the first sample, therefore the pretreatment was
considered to be the same as the control, i.e. 100%).

Table 5 shows that Triarimol had the greatest initial
inhibitory effect on percentage colonisation by conidial A.
uncinatum of degreased wool but least for greasy wool. lMilcol
and captan gave the greatest initial inhibitory effect on
colonisation of greasy wool. All the fungicides produced an
initial inhibitory effect except Triarimol with greasy wool.

On degreased wool, captan had the greatest effect after
120 days on percentage colonisation. Picloran and Milcol showed
little difference between the imuediate percentage change and
final change after 120 days and Triarimol showed a slight
decrease in the degree of inhibition after 120 days.

On greasy wool the final percentage change showed an
increase (with the exception of captan) compared with the

pretreatzent result, as was the case at Rothampsted.

Triarimol and formaldehyde at Sutton Bonington and
Rothampsted respectively behave in a similar manner to one

another in the general overall percentage inhibition.
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Results of isolations from soils of three different pi valuese.

Conidial As uncinatum (Figures 49 and 50) had the
highest percentage colonisation on degreased wool at pi 6
(6875), followed by greasy wool at p3 6 (63%). This species
colonised 55% degreased wool on soils at pd 8, but at pd & it
only colonised 17/ of degreased wool. Greasy wool was not

colonised at all at pH 4.
Trichophvton terrestre (Figures 51 and 52) had the

highest percentage colonisation on degreased wool at pld 8
(64%), followed by 53% at pH 6 on decreased wool. At pi 4

only 3% colonisation of either degreased or greasy wool was
seen,

Microsgorum gyvseum (Figures 53 and 54) was isolated mostly
from pH 8 (62%) on degreased wool, followed by pH 6 on greasy
wool (L6%)e The lowest percentage colonisation of either
degreased or greasy wool was at pH 4,

Microsporum cookei (Figures 55 and 556) was never isolated
from soils at pH 4 and only colonised degreased and greasy
wool at pH 6 and 8 below 25%.

Chrysosporium keratinophilum colonised degreased wool 1%

at pH 6 and 3% of greasy wool at pl 6 and these were the only
times this species was observed from these soils,
The reactions of the soils were pH 4.0, 6.7 and 8.2,
Table 6 shows the isolations from all soils in relation
to the pH of each sample,

Results of isolations from Gibraltar Point.

Figure 57 represents the percentage colonisation by
various keratinophilic fungi on degreased and greasy wodl at
seven sites sampled,

No keratinophilic fungi were isolated from the bare mud.

Trichophyton terrestre was the species isolated most ise. from




Figures 49 - 56

Histograms representing reisolation of keratinophilic fungi
from soils of different pH values.
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. all sites, other than bare mud, followed by M. cooxei which
was not isolated from the two sites which came into contact
with sea water the most. Conidial A. uncinatum was only found
where the soils were not covered by the sea. Microsvorum

gypseum was isolated only on the foredunes, where the soil was °

driests Arthrocderma curreyi and C. keratinophilum were only

found in the bird traps, whilst Ctenomyces serratus was found

just above and below high water mark and in the bird traps.

curreyi, C. keratinophilum and conidial A. uncinatum was in

the bird trapse. Only M. cookei occurred more elsewhere, viz,
the foredunes,

The reaction of the soils at Gibraltar Point was between
pH 6.9 and 8.2.
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.Results of the tinea pedis survey :

Table 7 shows the incidence of tinea pedis in the 1972
student intake sampled on three occasions and in the 1973
student intake. There was very little difference between the

incidence in October 1972 and October 1973 of the two lots of
new students (p =5 0.50).

The sample in May 1973 shows a statistically highly
significant increase compared with October 1972 (p =< 0.001),
However, these students showed a return in the following
October to almost the initial incidence which was not
significantly different from the initial incidence (p =) 0.20).

The second survey involved 181 students, i.e. 75% of the
original sample of 244 were successfully recalled. (Several
people of the 244 did not want to take part again and a few
had left the university to go abroad for the third term). The
third survey consisted of 93 people. The low number of students
who repeated the survey was due to poor response and difficulty
in contacting people no longer in halls of residence. The
policy of the University Accommodation Officer did not pernit
new addresses to be supplied,

The number of men with tinea pedis was, with the exception
of October 1973, nearly always double the number of women with
the infection. The overall total shows this was the case.

One male yielded Trichophvton mentazgrophytes var interdigitale

and Epidermophvton floccosum on one foot, hence the discrepancy

between 23 isolates but only 22 people suffering from tinea
pedis.

Table 8 shows some of the results from the gquestionnaire
regarding hygiene. In addition to these points, several other

aspects were of interests-
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a) The majority of students lived in halls of residence.

MEN WOMEN
I 99% 87¢%
11 ‘ 99% Q7%
II1 89% 69%
Iv ohss ok

b) The number of men and women treated by a doctor for tinea

pedis before coming to university was more or less the same.

MEN WOMEN
I 13.5% 14.5%
v 13,0% 14,0%

¢) The number of men and women who used medication for

prevention of tinea pedis was more or less the same.

MEN WOMEN
I 11.0% 11.0%
II 6.5% 8.3%
v 7.5% 9.6%

d) The number of men who took communal showers, with the
exception of those in III, was more than the number of women
who took showers, When 61% women took showers, a greater

percentage of women had tinea pedis than did mnen.,



MzN WOMEN

I 9245% 74 b%
II 94 .0% 69.0%
111 56.0% 61.0%
v 95.0% 6640%

e) More women were suffering from iaceration and burning in
the interdigital spaces, but more men were suffering from

scaling and itching.

Maceration

MEN WOMIN
II 548% 7e1%
III 4.5‘/‘{) 6000
Scaling

MEN WOMEN
11 14 ,0% 10.0%
I1I 11.0% 6.0%
Itching

MEN WOMEN
11 5.8% L. 2%
III 11,0% 0%
Burning

MEN WOMEN
II 0% 1.4%

I1I 0% 0%
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f) Only 3 people had suffered from ringworm ovefore coming

to ‘niversity (i.e. 2.75 of the men) and only 2 had ringworm
since May 1973,again both men; one on the elbow and one in the
groin.

g) More men than women had a combination of wool and nylon

hosiery, but wore women wore nylon hosiery than did the men.

MEN WOSEN
Woollen 6.5% 8.4%
Nylon 30 oO/é 50 .O%
Mixture 5540% b1,5%

Table 9 shows the dermatophytes which were isolated.
Trichophyton mentazrophytes var interdipgitale was by far the

most common dermatophyte. Epidermophyton floccosum and

Trichophyton rubrum were only isolated once each. These values

represent the lower limit of the true fregquency for what is
commohly called athlete's foot, since the students who took
part in the survey were only screened for dermatophytes and not
for Candida or bacteria. However,the term tinea pedis is
considered not to include these last two types of organism.

" Some students were found to harbour aidermatophyte but
showed no clinical signs of infection.

Table 10 shows the.ratio of dermatophytes on right and
left feet. There was more one foot involvement than two foot
involvement (p = €0.001), and more isolations were made from the
right foot than the left., The percentage of men with two foot
involvement was greater than that of women (28.2 : 19.3 %),
but more women than men had left foot involvement (30¢8 : 38.%4).

Table 11 shows the ratios of infected feet to the sports
played by the students.
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As a generalisation, among the students who nlayed these
sports there was a higher incidence of tinea pedis after one
year at the university. In the case of those students who
played rugby, football, badminton and squash there was a
decrease in the incidence of the disease after May.

Of those 22 with tinea pedis in October 1972 (I):
15 had tinea pedis in May 1973 (II)
3 did not have tinea pedis in (II) and
4 were not sampled againe
There were 29 new cases of tinea pedis in May 1973 (II)
who did not have tinea pedis in October 1972,
Of the 4% who had the infection in II:
24k returned to be sampled
20 did not return (one had died).
Of those 24:
8 still had tinea pedis in October 1973, ( 4
of whom had tinea pedis in October 1972)and there were
3 new cases of tinea pedis in October 1973 ( 1
of whom had tinea pedis in October 1972).
Therefore only 4 students had tinea pedis all the way

through the survey, i.e. of those who were sampled each time.
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DISCUSSION

Five species of keratinophilic fungi were isolated from
the soils at Highfield's swimming pool and from the hedgehog

pens: Arthroderma uncinatum, Trichophyton terrestre, Microsporum

cookei, M. gypseum and Chrysosvorium keratinophilume. Kunert
(1965, 1966) found Trichophyton ajelloi to be the most abundant
keratinophilic fungus isolated in Czechoslovakia. Otgénégék,
DvoXak and Kunert (1967) said that T. ajelloi is probably the
most abundant keratinophile in the temperate regions of the

worlde In the present work conidial A. uncinatum has been the
most frequently isolated species from both sampling sites,

The percentage presence of conidial A. uncinatum was higher on
degreased wool than greasy wool, which would be expected from
work carried out by Evans (1969) and Pugh and Evans (1970b), who
found that conidial A+ uncinatum was inhibited by pigeon feather
fats and by animal wool fats over quite a range of concentrations,
Baxter and Trotter (1969) found that this species was inhibited
by adult hair fats, squalene and to a certain extent by boys'
hair, pigeon feather fats, guinea pig hair fats and horse hair
fats, but not at all by animal wool fats at 0.2% concentration.
Most of the keratinophilic fungi were isolated more on degreased

wool than greasy wool, but Ce keratinophilum was isolated more

frequently on greasy wools Pugh (1971) discovered that in the
majoriéy of cases keratinophilic fungi grew faster or the same
on defatted feathers than fresh feathers, with the exception of
conidial A. uncinatum on pheasant feather fats and A. curreyi on
blackbird feather fats. Pugh and Evans (1970b) found C.
keratinophilum was stimulated slightly by olive oil and by wool

fats up to a concentration of 0.1% and hardly affected by any
bird feather fatse. They also found T. terrestre was only stimulated

by olive o1l at high concentrations and was unaffected by bird
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feather fats and wool fats. Baxter and Trotter (1269) reported
Te terrestre and 5 strains of g. ajelloi as being the only
keratinophilic fungi unaffected by animal wool fat at the
concentration used ( they only mention a concentration of 0.2%),

but tiaey did not study C. keratinoohilum. Their analysis supported

observations that the shorter chain acids were more important
fungistatic agents. However, Grunberg (1947) considered that
fungistatic and fungicidal actions of fatty acids in the series
from formic acid to undecylenic acid increase with length of
carbon chain and that the change was regular. Bose (1954)
determined that M. gypseum produced more perforating organs in
hair if the fat had been removed., It would seem that the fat
content of keratin baits can determine the course of colonisation
of bait in soil. The present work endorses that of Bose (1964),
Evans (1969), Pugh and Evans (1970b) and Pugh (1971).

At Highfield's swimming pool the incidence of conidial
A. uncinatum fell after May until September. This decrease
coincided with the opening of the swinmmuing pool to the public,
Since keratin, in the form of skin, hair and nails, would have
been deposited by the visitors to the pool who sunbathed on the
grassy area, one might expect the isolations of conidial A,
uncinatum to increase, but this was not so.

In the hedgehog pens both conidial and cleistocarpic_ﬁ.
uncinatum increased in frequency when the hedgehogs were present,
as did C. keratinophilum, M. gypseum and M. cooked. These fungi,
with the exception of cleistocarpic A. uncinatumsdecreased in
nuazbers when the hedgehogs were absent. The spines and scales
of the hedgehogs provided the source of keratin in the pens for
the keratinophilic¢ fungi in the soile. Whereas at the swimming
pool no obvious source of keratin could be secn by the naked
eye, in the hedgehog pens many spines could clearly be secns

This source of keratin, because it came into direct contact with
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the soil, was probably utilised sooner by the keratinophilic
fungi, whereas at the swimuning pool, since the soil was grassed ovér,
incorporation of the keratin into the soil was possibly slower

and the increase in frequency of conidizl A. uncinatum was delayed
until Septembers. Chlorinated water fron the pool may have had

an adverse effect upon conidial A. uncinatum. When the swiuuers
went onto the sunbathing area, they would have taken some of the
pool water onto the grassy areas. Samples of chlorinated water
were collected and an attempt was made to determine the effect of
this water upon the isolation of keratinophilic fungi.
Unfortunately the chlorinated water is not stable, and after
watering the hair-baited soils, the chlorine was liberated, so
that strictly this was no longer chlorinated water, since the
chlorine was released, The results indicated that this water had
no inhibitory effects upon the keratinophilic fungi. An alternative
method would be needed to test the hypothesis that the chlorine

in the water was the reason conidial A. uncinatum decreased in
isolations from the swimiing pool soils. Some explanation is
necessary for the observed pattern of occurrence of conidial A,
uncinatum with its decrease in the sumiere None of the other
keratinophilic funsi showed any correlation with presence of
people at the swimaing pool. Cleistocarpic A. uncinatum was

always more aoundant in control soils away from the swimaing pool
than in swimning pool soils, and the chlorinated water may be the
reason why the perfect state was less abundant.

Ot¥endSek , Dvorak and Kunert (1967) reported that T. ajelloi
was more frequently isolated from temperate zones,lz. terrestre in
temperate and subtropical zones and Me gypseum in subtropical
and tropical areas. They stated thaé—the "gseographical distribution
of geophilic dermatophytes is probably in the first place
determined by the influence of temperature" and emphasised this

suggestion by citing the work of Dawson, Gentles and Brown (1994).
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These researchers considered that cleistothecial formation of
T. terrestre (A, suadrifidum) was inhibited at temperatures
above 24°C whereas temperatures of over 24°C and up to 30°C can
be used for production of cleistothecia of M. gypseums, The
results of isolations of I. terrestre and conidial A. uncinatum
from the swinnming pool and the hedgehog pens agree with the
classification of Otbenadek, Dvorak and Kunert (1967) that T.

terrestre and conidial A. uncinatun prefer temperate regions.

Chrysosporium keratinoovhilum was, like T. terrestre,
isolated most in winter and least in summner from hedgehog pens
and Highfield's swinmning pool soils, but in control soils for
these 2 sites, i.e., s0ils from outside the sites, there was a

minimum of C. keratinophilum in the winter with maxima in spring

and autumn. However, it coes appear to be a fungus which prefers
temperate zonese. It would also seem that,since it grows well in
winter inside the hedgehog pens and the swimaing pool soils,’

the keratin source provided by the guills and scales from the
hedgehogs or skin and hair frox bathers is sufficient to overcome
the effects of temperature,

Kunert (1955) found a minimum for T. terrestre in autuamn,
which agreed with the results from soils inside the hedgehog pens
and swimaing pool, and a maximum in spring and sumazer in
Czechoslovakia (see Table 11a), which contrasted with the present
worke On the other hand,in the soils taken from outside the
swimrming pool a minimum was seen in winter and summer and a
maximum in spring and autumn, whereas ocutside the hedgehog pens
the reverse was founde. It can also be seen from the table that
Chnel, Hasilfkovéﬂ Hradko and Vlég{i{kové’(1972) showed a maximum
peak in mid spring for T. terrestre (and in mid autumn), but a
minimum in spring-éumLer, in contrast to Kunert's results and
those in the present work in the "experiméntal" soilse

In the case of conidial A, uncinatum, the results of the
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seasonal isolations from the swim ing pool and hedgehog pens
contrast with those of Kunert (1366) who discovered a nmimimum
of this species in spring and a maximum in autumn, as did Chmel,
Hasil{xova, HraSko and V1d¥{1{kxova (1972). Outside the swimuing

pool (control soils) a minimum was seen for conidial Ae. uncinatum

in July, August and September. Therefore, the decrease of conidial
A. uncinatum in soils from inside the swimning pool may just be

a seasonal change and not due to the effect of chlorine which, if
released from soils in petri dishes may also be released in vivo,
and therefore have no effect. The seasonal decrease in conidial

A. uncinatum in sumzer was also seen in the "control!" soils for
the hedgehog pens (June, July, August and September) with an
additional decrease in December.

Microsporum cookei showed an almost complete fall off in

winter months and it would seem to have a preference for warmer
temperatures, i.e. like M. gypseum, Otéenadek, Dvorak and Xunert
(1967) found that although M. cookei was rarely isolated, it
showed greatest resemblance to M. gypseum.

Frona éll these results it is difficult to come to any
definite conclusions regarding seasongl changes.

Microsporum gypseum was isolated very little at all at either

Highfield's swimming pool or the hedgehog pens and this is in
accordance with the fact that M. gypseum prefers warmer soils, i.e,
tropical zones. Chzel, Has{likovd, Hra¥ko and V1asilfkovd (1972)
thought that temperature did not seem to influence the occurrence
of any keratinopxilic fungi.

4 The ecology and transmission of M. gypseum from soil to man
was discussed by Chmel and Buchvald (1970) who found that
cultivated fertile soils were the main reservoir of this funguse
Chmel, Has{iikov£; HraSko and Vlégfi{kov£¢(1972) reported that
Me gypseum was isolated almost exclusively from carbonate meadow
-;oil with the highest humus content. The soils from the swimning

pool and hedgehog pens were not cultivated and had quite low
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humus content and this may account for the fact that M. gypseum
was rarely isolated. nlvazov and Martsishevsxaya (1900) found

M. gypseum and Te. ajelloi showed no preference for any particular
soil type. Zeidberg and Ajello (1954) isolated Me gypseum from
s0ils in barns, barnyards and around places where there was a
concentration of animalse. Chmel, Hasflikové, Hragko and
Vlégflfkové (1972) also found that the number of isolations of

T. ajelloi rose with an increase in humus, whilst those of T,
terrestre fell with an increase in huause. Otéenééek. Dvofgk and
Kunert (1967) discovered T. ajelloi to be a fungus of wide
distribution, which was found most frequently in medium humus
soilse Te terrestre was the opposite of M.gypseum and was found in
light sandy soils and sand on beacuese. It has been suggested by
English (1964) that T. terrestre is unable to compete against T.
ajelloi for a bait and that T. terrestre only increases in
numbers when other keratinophilic species fall in numbers (Pugh
and Evans, 1970a).:. - The results of this study, both in control
and experimental soils endorse this suggestion, although no
antagonism has been seen between T. terrestre and other
keratinophilic fungi when grown on tae same agar plate.

Trichophyton terrestre was the only species which decreased

in numbers when more hedgehogs were present in the pens, and
although this may indicate that a source of keratin is unimportant
for the presence of T. terrestre in soil, it may be that because
the other species increased, the competition was too great for

T. terrestre to proliferate. This species was isolated more from
experimental than control soils possibly because it is more
tolerant of lower pi values, or that the soils were poorer in the

experimental plots. Conidial A. uncinatum and Ce. Xeratinophilum

both showed very similar trends overall in control and experimental]
soils and no definite couclusions were drawn about the influence

of chlorine, pH or biotic factors upon their isolation.
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Cleistocarpic A. uncinatum, M. zypseum and M. caokei were
appreciably more in controls than experimental soils from both
sites, indicating that the presence of biotic factors had little
effect upon increasing the isolations of the 3 species in the
experimental soils compared with controls. The effect of lower

pd or chlorinated water may be the important factors waich
determine the low occurrence of these fungi in experimental soils,
since all the other edaphic factors studied showed no definite
correlations. Ajello (1933) found a correlation between positive
samples of M. gypseum and the presence of animals at the collecting
site.

More isolations were made at Highfield's swimming pool than at
the hedgehog pens and this was probably because of the reaction
of the swimming pool soils (6.30) which was higher than that of
the hedgehog pens (4.21)e .7 - .- .

Chmel, Hac{likova, Hratko and V1aé{lfkova (1972) found that
with increased humidity isolations of T. ajelloi increased, waereas
with T. terrestre isolations decreased wihen tiaere was an increase
in humidity of soils, i.e. there was an increase in I. terrestre in
months with low water content of soil.

It would seem that the soil at both experimental sites plays
only a minor role in being a reservoir of infection, since the only
keratinophilic fungi isolated are rarely pathogenic, with the

exception of M. srvseum. In the case of the hedgehoz pens none of

the hedgehogs were infected with any of the species isolated.

Those people who do become infected with M. gypseum are, in many
cases, closely associated with the soil, e.g. gardeners (Whittle,
1954; Alsop and Prior, 1951; Sonck and Lundell, 1962; Kaben and
Moldenhauer, 1953; Bensch and Gemeinhardt, 19663 Gip and Hersle,
19563 Rakhmanov, Fedorova and Yashkuiz 1969; Steinerovd and
Dubrovova, 19693 Alteras and Cojocaru, 1970; Kadlec and Podivfhska,
1970; Baran, 1971; Simordova, 1971 and Percebois and Vadot, 1972).
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These infected people had long contact with soil, whereas
sunbathers at the swimming pool, beczuse they are lying on
grass and are not in direct contact with soil, are not easily
infected. Evolceanu and Alteras (1967) isolated Ts ajelloi,
M. gypseum, T, evolceanui, T, indicum, M. canis and C.
keratinophilum from a grassy bathing place at a lakeside in

Roumania and M. gypseum, C. keratinophilum and conidial A.
uncinatum have also been isolated from the soil at the swimzing
poolse: It  appears however, that although the grassy areas of
swimming pools are of little importance epidemiologically, the
floors surrounding outdoor and indoor swimming pools are

important. Gentles (1957) found that T. mentagrophytes could

exist for long periods on concrete surfaces and can grow on
moist crushed asphalt if socap were present. Ajello and Getz

(1954) isolated T+ mentagrophytes, Te rubrum and Epidermophyton

floccosum from shower stallse Gentles (1956) isolated Te rubrum

and T, mentagrophytes var interdigitale, Gip (1967) and Gip and

Aschan-ﬁberg (1968) isolated the same species,from floor surfaces
of open-air pools. Drouhet, Marcel and Labonde (1967) found the

greatest number of fungi (Te mentagrophytes, T. rubrum and E.

floccosum) around a pool in shower cubicles where the ground was
always wet. Adamson and Annan (1949) were the first to isolate

T. mentagrophytes from skin scales on floors of a bath-house,

Discussion on the importance of floors in epidemiological studies

is continued in the section on the tinea pedis survey.

Bohme and Ziegler (1969) discovered that it was difficult
or impossible to isolate keratinophilic fungi from soil by means
of agar dilution plates used for quantitative determination of
other soil microorganisms and this was found to be the case with
soil crumb plates in this present worke. It is possible that the

conditions provided by the agar substrate were too severe for
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the keratinophilic fungi to compete against other soil "sugar"
fungi, which in many cases were able to grow umuch more guickly.
Otaer-species of fungi were isolated by the:hair baiting
technique and.the.results can be seen in the Appendix., Griffin
(1959, 1960) described the sucession of fungi colonising hair
in great detail. Although these species are not all
keratinophilic, but use the non-keratinacecous substances,

some like Monodictvs levis (Acrospeira levis) are able to

utilise keratin (Anglesea and Swift, 1971). Gentles (1967)

connented on the fact that some Chrysosvorium species were

keratinophilic, but appeared to be less closely related to the

ringworm fungi than A. uncinatum, T. terrestre or M. gypseun.

He also proposed a classification where M. cookei, T. terrestre

and T, mentagrophytes were thought to predominate on animals

and man, but were capable of survival and / or sexual
reproduction in soil. Dawson (1954) found that T. terrestre was
isolated from a higher proportion of animals than could be
explained solely by contamination and Marples and Smith (1932)
first suggested T. terrestre was & natural inhabitant of the
animal body (a hedgehog) rather than a soil contaminant.
Microsporum cookeil and T. terrestre are both usually considered
non-pathogenic, but Shik (1965), Mariat and Tapia (1966) have

isolated M. cookei from man and animals, while Alteras, Nesterov

and Ciolofan (1968) have isolated T. terrestre from the same.

Microsporum gypseum, Te ajelloi and M. nanum were the species in

Gentles' (1967) classification which predominated in soil and
were capable of at least transient survival on animals' bodies.

Now it is thougnat that T. terrestre, A. uncinatum, M. cookei

and M. gypseum are true soil inhabitants with at least the
capacity for transient survival on animal bodies, whereas, M.
nanum and T. mentagrophytes are considered to be zoophilic, but
can survive for a short time in soil (Ajello, 1960; Dvo¥ék and
Otgénggék, 1964),




Although anthropophilic fungi may be present in soil,
because of their low keratinolytic ability they are never
isolated from soil by the hair baiting technique (3iefunska,
1963)

In the Appendix, a table of geophilic fungi with their
animal and human hosts is presented, whether the fungi were

pathogenic or not,

Znglish and Morris (1969) isolated Trichophyton erinacei

from 14 hedgehog nests, but no cermatophytes were isolated from
the nests of the Nottingham hedgehogse The winter nests studied
by English and Morris (1969) were made of grass and leaves,
whereas those in this study were composed of hay alone. English
and Morris stated that in the summer months wild hedgehogs do
not use nests, but may make a flimsy shelter. This was not the
case in this study, because the animals were not free to roan,
but were caged and used the nests as a means of shelter. English
and Morris (1969) found an exact correlation between infection
of hedgehogs and their nests and it would appear that this was
the case in this study, i.e. no hedgehogs were infected when
sampled from summer nests and no nests harboured any dermatophytes,
English and Morris (1969) considered sumiier nests as unimportant
in the transmission of ringworm. At Nottingham, the hedgehogs
sampled were kept in separate cages overwinter and remained
healthy.

Morris and English (1973) suggested that Te erinacei is a
weak pathogen and although they thought that hedgehogs living in
close quarters were more likely to be infected than those in low
densities, they found that transmission was still relatively
slow. Morris and English (1969) found 20 - 25% of British
hedgehogs to carry rinsworm and more males were affected than

females, However, although T. erinacei has been isolated from
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hedgehogs by Marples and Smith (1960), Hellier and La Touche
(1962), La Touche and Forster (1963), English, Evans, Hewitt
and Warin (1962), Smith and Marples (1963), English, Smith
and Rush-Munro (1964) and Morris and English (1969) and T.
terrestre has been isolated by Marples and Smith (1962), only
one hedgehog ( of 40 ) harboured Te erinacei in this present
work and on just one occasion. It may be that the hedgehogs
kept at Nottingham University were only retained if in good
condition and if they appeared to be infected they were discarded,
hence the fact that none seemed to permanently harbour any
dermatophytes.

| Morris and English (1973) discussed in detail the
behaviour of the hedgehog in its natural state which helps

to minimise the infection from dermatophytes.

Bohme and Ziegler (1969) state that T. ajelloi is
almost evenly distributed in soils with more or less acid pH.
Marples (1965) and Pugh (1956) also found this to be the
situation. Bohme and Ziegler said that the percentage
distribution of T. ajelloi is even in soils with pH lower
and higher than 6.0, and they considered that this work
contradicted Marples' discovery that T. ajelloi frequently
occured in soils with pH 46, but significantly less in soils
with pH »6. llowever, the average pH of soils yielding I. ajelloi
recorded by them (5.7) fully agreed with values which Pugh
(1966) found for birds' nests (5.7)e Pugh (1965) considered
that his work corroborated Marples' results, but conflicted
with that of Rodziewicz (1963) who found that T. ajelloi
most frequently grew in soil of pH 8 and 7, although it was
not isolated from soil of pH 4. On close inspection, the work
of Rodziewicz gives a false impression. Since he obtained more
soils at pH 7 and 8 than pd 4, 5 or 6,it is not surprising
‘that most T. ajelloi was isolated at pH 7 and 8. If the
percentage of T. ajelloi in soil samples of different pH values
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is studied, a more meaningful result is obtained:=

Rodziewicz (1943)

?/ :
//;/ Trichophyton ajelloi
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It can be seen in this interpretation that the
distribution of T. ajelloi is even from pH 5 to pH 7« At pH 8 the
percentage of soils from which T. ajelloi was isolated is only
42%. Therefore, it seems that despite the apparent contradictions
in the literature, most of the documented work seems to favour a
distribution of T. ajelloi on the acid side of neutral, Chesters
and Mathison (1963) found that in pure culture work, Te. ajelloi
grew in pH 7.5 up to 8.7 medium, Competition from other soil
organisms in zizg may counteract thise

The results of the present work indicate that conidial A.
uncinatum is evenly distributed in soils with pH values lower and
higher than 6. (See Table €).
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The results of percent:ge colonisation of animal wool-by
keratinophilic fungi in the soils of 3 different pH values,
collected from Nottinghan University AgriculturaI.School, Sutton
Bonington, indicated that the optimum pH for conidial Ae uncinatum
was on the acid side of neutral (6.7). However, no soil pH values
between 4,2 (the minimum pH studied) and 6.7 were used, so that
the average pH of soils yielding most conidial A. uncinatum could
be lower than 6,7,

Trichophyton terrestre showed highest percentage colonisation

in soils of pH 8, The isolations from all other sites also showed
highest percentage frequency in soils of pH value 7.1 = 8.0 (77%).
Between pH 3.1 and 7.0 the average percentage isolation was 55%

This was similar to the result for Ce keratinophilum, for all other

sites besides Sutton Bonington. Chrysosporium keratinophilum was

virtually absent from the 3 soils from this particular site, Pugh
and Mathison (19452) found that C. keratinophilum preferred weakly
alkaline soils, and Bohme and Ziegler (1969) reported both To . ..'.
terrestre and Ce keratinophilum more from soils of pH»6 than pH

<6 and this was also true for Me cookei.

In this present work M. gypseum and M. cookei were both isolated

from the observational soiié—gEEEI;a, mo;ily in the range pH 6,1

and 8,0, with M. cookei also being isolated between pH values 5.1 and
640 The'percghtage colonisation results from the 3 soils from
Sutton Bonington are in full agreement with the results from all
other soils, i.e. i, Eypseum was isolated in grecatest numbers at piH
8 and M. cookei aé'bd?ﬁ'SE'Z.? and 8.0 egually. Somerville and
Marple; (1967) could find no correla:ion between the occurrence of
M. gypseum and pH of the s0il habitat within a ranze from 5.5 to
5.5. Although Pugh (1966) isolated little Eo gypseum, he suggested
that it preferred acid conditions,in agreement with Mohapatra and
Gugnani (1934). Steinerova and Buchvald (1967) also showed that this
species ' was found in soils with an average pl of 5.2, Their results
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do not agree with those in the present work for M. gypseunm,

but their observations of T. terrestre in soils of average pil 6e7

do agree,

Trichophyton terrestre was the keratinophilic fungus which

was 1solated alwost ubijuitously in the coastal ecosystem.
Schonfeld, Rieth and Thianprasit (1960), Pugh and Mathison (1962),
Gip and Paldrok (1956) and Orru, Pinetti and Aste (1968) also

found T. terrestre in sand and beach samples from the Baltic Sea,
Gibraltar Point, Lincolnshire, Sweden and Sardinia, respectively.
Dabrowa, Landau, Newcomer and Plunkett (1964) isolated T. terrestre
from sea-bird feathers and sea urchin spines on the sands of
tide-washed areas on the California coaste They suggested that these
results indicate that the intertidal zone may constitute an
additional reservoir of potentially pathogenic fungi and that
certain fungal diseases may be acquired by exposure in those areas,
although.no dermatophytes have been isolated. No dermatophytes have
ever been found under sea water (Schonfeld et ale., 1960; Gip and
Paldrok, 1966 and Cabrowa et al., 1954), but Kishimoto and Baker
(1969) isolated E. floccosum, M, grpseum, M. canis, Te rubrum and

T. mentagrovhytes from beach sands. More pathogenic and potentially

pathogenic funzi were isolated from areas where the swimmer density
was high, and few were isolated from low density areass The
recovery of dermatophytes from beach sands is of epidemiological.
importance because, even if the fungi remain there for only a

short time they are still a potential source of infection for
bathers. ' '

No dermatophytes were isolated from the bare mud at Gibraltar
Point, i.e. from the area most frequently inundated with sea water.
These findings agree with those documented in the past by Pugh and
Mathison (1962), although they did isolate a Chrysosporium species

descrived as conidial A, curreyi.>This fungus was regularly isolated
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on_birds (Pugh, 1964), and while it is not pathogenic, it. may
grow on their feathers while still attached to the bird, The
isolation of this species by Pugh and Mathison (1962) was at high
water mark rather than bare mud.

Just above and below high water mark, in addition to T.
terrestre, s cookei and Ctenomyces serratus were isolated, but in
low numbers. Pugh and Mathison (1962) found C. serratus more

commnonly in bird traps than dunes. However, at high water mark

there was an abundance of debris which included feathers and
dogfish egg cases. The reason so few keratinophilic fun: £l are
isolated from tide-washed areas may be because keratin sources

are removed by tides more frejuently than from sands not washed

by the sea. In addition, Pugh (1991, 19°2) suggested that the
increased fungal colonisation up the shore was a reflection of the
greater amount of organic matter present as a result of increasing
cover by higher plants and also because of reduced periods of

inundation by the sea.

Microsporum cookei and T. terrestre appear to be able to

tolerate the infrequent washing with sea water, since they were
found below high water mark. A combination of lack of keratin and
the inability to tolerate sea water would appear to determine the
dermatophytic flora of coastal soils.

The highest incidence of all spec?es except M. cookei was
in the bird traps, suggesting that the source of xeratin was very
important for these fungie. Since some of them were isolated from
sea-washed areas, the sea water plays a secondary role to the
source of keratin in determlnlng the distribution of these fungi.

The isolations of conidial A. uncinatum from Gibraltar
Point from fofedunes and bird traps disagree with the results of
Pugh and Mathison (1962). Since the results reported here were
only low percentages, it has been SuggeSted that fhe isolations
of this fungus were contamlnants from the 1aboratory. However,

more than 12 years have lavsed since Pugh and Wathlson studied
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Gibraltar Point and the pattern of distribution may have “changed.
Puzh (1971) sugrested that either the pl of the soil or the
influence of sea water determined the avsence of conidial Ae
uncinatumn at Gibraltar Point. However, the pH (of average 7.6)
was in the range for growth of conidial A. uncinatum and it may
be that neither pH or sea water are the limiting factors.

Pugh and Mathison (1952) found that M. gypseum aand conidial
A. uncinatum were not isolated from salt marshes or sand dunes
which are alkaline soils, but in the present work it has been found
that these 2 species are capable of growth in alkaline soils,
therefore, pH does not seem to be the limiting factor.

Arthroderma curreyi and Ctenomyces serratus were most
frequently isolated (Pugh and Mathison, 1352) and the latter has
been found in bird nests of pH 7. Since C. serratus has also been
isolated below high water mark and mostly where there is an
abundance of keratin, the keratin would seem to influence the
occurrence of C, serratus rather than pH or sea water. A. curreyi,
on the other hand, was found at high water mark,: but infrequently
in birds' nests. Therefore, although it can tolerate alkaline pH

and salt concentrationsy it is unable to compete for keratin in

the bird trapping chambers against such a keratinophilic fungus as

C. serratus.

Trichovhyton terrestre was found in salt conditions and in

alkaline soils and this is perhaps why it is found ubiquitously,
in addition to the possibility that it can grow better when no
other species are there for it to compete against.

When the results are related to those from the hedgehog pens
at Nottingham, it can be seen that some species, excluding Te
terrestre, seem to be dependent upon a keratin source for their

increase, e.g. Chrysosporium keratinophilum, Me cookei and conidial

A. uncinatum, but for T, terrestre and M. gypseum the lack of
keratin does not appear to be a limiting factors
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- In general, an immediate drop in percentage coldvnisation
of wool baits by conidial A. uncinatum was seen after the fungicide
treatment at Rothampsted. This is the same sort of observation

made for true soil fungi,e.g. Penicillium, Trichoderma and

Gliocladium, whereas bacteria showed an initial increase and then

fell dramatically when nutrients were depleted (Williams, 1973;
Wainwright,1974)s Corden and Young (1965) found that in soil
treated with 5 fungicides which they studied, the fungal population
decreased rapidly and then increased due to reproduction of certain
fungi. The fungicides are obviously effective for an initial "kill
off", but Newhall (1958) found that several fungicides were leached
from soil very quickly (e.g. formaldehyde and captan) and failed

to kill below one inch of soile They were also reported to be
rendered ineffective on the way down through the soil. This means
the effect of the fungicides may not be long-lasting and the fungi
can recover quickly, especially if the compounds are fungistatic
rather than fungicidals It is also possible that the fungicides

can cause genetic mutations, creating fungi which are resistant to
the chemicals,

Some fungi are able to adapt to captan (Parry and Wood,195%a),
but no strains of fungi so far tested have been found to be
resistant to thiram (Parry and Wood, 1959b). These investigations
did not include keratinophilic fungi. Dekker (1972) reports that
Webster et al.(1970) found Botrytis cinerea acquired resistance to

dicloran, Dekker also considered that acquired resistance may be
due to detoxification, e.zs some fungl are able to convert
quintozene into much less fungitoxic compounds i.ee p-chloro~aniline
and p=chloro-anisole.

After the initial killing of organisms, percentage
colonisation recovered to be either virtually the same as the control
or more, It may be that the keratinophilic fungi find conditions

for growth better when there is less competition from other soil
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fungi and that when the soil funzi increase again, the nuunbers
of keratinophilic fungi falle

Percentage colonisation at the end of sampling was higher.
on greasy wool than derreased wool at both Rothampsted and
Sutton Boningtone. As this was the reverse of the normal isolation
pattern, it raises the question of whether the grease plays any
part in the deactivation of the fungicide in the baited soile. It
may be that the grease is utilised better by any strains of

conidial A. uncinatum which may survive fungicide treatment,i.e.

conidial A. uncinatum has its ability to use the grease increased.

At Rothampsted, C. keratinophrilum was affected by captan and

formaldehyde on degreased wool and by thiram on greasy wool. In

the other combinations of funricide and baits, there was no effecte
Captan and formaldenyde are fungicides which would be leached fiom
50il quickly and although they did have an immediate effect, it
would not be expected to be long-lastinge

At Sutton Bonington, the final results for Ce. keratinophilum

resembled those for conidial A. uncinatum for degreased and greasy
wool, i.e. an increase in percentage colonisation on greasy wool
and a decrease compared with the control on degreased wool was

seens Since C. keratinophilum is known to be isolated more on

greasy wool than degreased, this is not unexpected (Pugh and Evans,
1970b).,

Munnecke (1961) found that the movement and penetration of
fungicides through soil in colunns were related to effects due to
soil type, to various soil treatments and to ihherent fungicide
factors. Treatments of soil which made it more porous increased
fungicide penetration, especially of those applied as suspensions,
The fungicides in the present work were applied in suspension,
with the exception of formaldehyde, which was in solution.
Fungicides prepared as solutions penetrate soll more readily than

those prepared as suspensionse Therefore, one would expect that
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fornmaldehyde would take effect fairly rapidly, but because it

can be leached from soil quickly, it would only have a short-lived
effect, The action of the other fungicides in suspension might be
prolonged. This appeared to be the case for cdegreased wool at
Rothampsteds The initial fall in percentage colonisation of conidial
A. uncinatum after application of fungicides was greater for
formaldehyde than any other fungicide studied and yet the recovery
of conidial A. uncinatum was juickest for formaldehydeos However,

no initial decrease in percentage colonisation of greasy wool by
conidial A. uncinatum was seen, and this may be because of the
possible part played by the srease in the deactivation of the
fungicide, A delayed decrease was seen at 38 days, but it was not
prolonged, Finally, conidial Ae. uncinatum in soils treated with
formaldehyde increased the most after 120 days, ieees in these soils
the fungus was guick in recovering.

Fluctuations of C. keratinophilum in the soil are so great,

that it is not possible to determine any such pattern of frejuency
due to the difference in the physical properties of the fungicides,
The important times to sample the soils treated with fungicides
would appear to be near the days of treatment, rather than over a
period of time. This makes it possible to study small differences

rather than gross ones, more clearly.
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. Tinea pedis survey

Comnunal life offers more opportunities for dissemination
of organlsms causing tinea pedis; because of this the study of
such communities can reveal much about the epidemiology of the
disease. Groups of people have been studied in the forces (Ajello,
Keeney and Broyles, 1945; Sanderson and Sloper, 1953; Marples,
1958; Ohm and Skogland, 1968 and Cavis, Garcia, Riordon and
Taplin, 1972),aboarding schools (English, Gibson and Warin, 1901)
at universities (Legge, Bonar and Templeton, 1929 a, b; Gould,
1931; Muskatblit, 1933; Marples and di Menna, 194%9; Doby-Lubois,
Berthault and Doby, 1961), in the mining industry (Adamson and
Annan, 1949; Gentles and Holmes, 19573 Holmes, 1959; Koch and
Schippel, 1971).and in families (Znglish and Gibson, 1960),

Unfortunately it is not possible to say how the present

1

results compare with those from outside the university
environment. A university gathers people from a variety of
backgrounds and with varying interests, but when they are living
in halls of res1dence, people who would normally not come into
contact, do associate in such a way that cross infection is

more probable than outside the university. Enslish and Gibson
(1960) found that the number of baths taken per week increases
the chances of cross infection in families. At the university
halls of residence, the supply of hot water is virtually endless
and thefefore the number of baths or showers taken is probably
considerably higher than if the same people lived at home or in
a flat,

Many people have discussed susceptibility factors in fungus
infections (lLegge, Bonar and Templeton, 1929; Hopkins, Hillegas,
Camp, Ledin and Rebell, 1944; Schwartz, 1947; Rothman, 1949;
Rosenthal, Baer, Litt, Rogachefsky and Furnari, 1956; Gentlés
and Holmes, 1957; Vanbreuseghem, 1958; English, 1961; Pan, 1954
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I1'in, 19465 Rosenthal and Baer, 1955; Marples, 1968; Bhutani,
Mohapatra and Kandhari, 1971; Koch and Schippel, 1971; Davis,
Garcia, Riordon and Taplin, 1972; and Troanier, 1988), and
possible sources of infection (Baer, Rosenthal, Rogachevsky
and Litt, 1955; Gentles and Holmes, 1957; Fichtenbaum, 19663
Alteras, Cojocaru and Hontaru, 1967; Alteras and Cojocaru, 1973;
Gentles and Zvans, 1973)e Rosenthal, Baer, Litt, Rogachevsky
and Furnari (1956) found that viable fungi must be constantly
and readily shed from clinically and subclinically infected
feet and therefore exposure and reexposure to these fungi is
practically inescapable and unpreventable,

It would seem that on arriving at Nottingham University, .
very few students have tinea pedis., The percentage incidence of
the 2 new intakes of students was virtually identical at 10%
of the sample, Although the numbers of students sampled is
considered by some to be low and possibly not statistically
viable (Everall, 1974, personal communication) the results are
sufficient to indicate possible trends and allow at least
tentative sugcestions,
1+ Seasonal occurrence

The sample in May showed an increase from 9% to 24%. This
type of seasonal increase has been reported before by English,
Warin and Gibson (1961) in a boys' boarding school visited in
October and Juneywhen the same boys were studied. Legge, Bonar
and Templeton (1929), Il'in (1966) and Padhye and Sekhon (1973)
reported a similar occurrence and the latter found an even
bigger increase later in the summer, from August to Octobver,
although these were not necessarily the same group of people
studied over the yeare. At this time of year, Nottingham students
were on vacation and were therefore not studied. However, these
students showed a return in the following October to the initial

inci@ence. More outdoor swimming would have taken place between
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June and October, but at some time during the vatation the
students either cured their tinea pedis or it disappeared of
its own accord., This may be due to better hygiene standards
at home or attention brought to the disease by more
knowledgeable parents. Many students were unaware that they
had tinea pedis and Gentles and Evans (1973) also found that
few infected bathers were aware of their infection and not
many people knew of the dangers of contamination in communal
bathinge Zven those who new of the risks did not always take
precautions, Few of the students at Nottingham knew what the
symptoms of the infection were, and this has been reported
before by Holmes and Gentles (1956), English and Gibson (1959b),

The increase in May could be associated with warmer
weather as sugsested by English, Gibson and Warin (19%1).
Padhye and Sekhon (1973) considered humidity and warmer
temperatures more favourable than dry and low temperatures of
winter, Vanbreuseghem (1358) suggested that dermatophytoses of
feet were probably favoured by warmth, i.e. spring and summer,
and a generally hot climate favours their development, Il%in
(1966) considered that the increase in incidence of tinea pedis
which he reported was probably due to increased humidity and
precipitation during the summer, i.e. when the increase took
place., Gentles and Holmes (1357) considered that hot working
conditions in deep hot pits did the aggravating. Vanbreuseghenm
(1967) reported that high temperatures,where miners or blast
furnace workers were,cut down their natural resistance.

Many students wear plimsolls all day regardless of whether
they played sports or not, Since rubber shoes prevent good
aeration of feet, the atmosphere inside the shoe is warm and
moist. Pan (1964) found that in Taiwan, the highest rate of
infection in men was in those who wore shoes (office workers

and students) whereas in women, it was those whose feet were in
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wet surroundings (housekeepers and workers). Althouch Peck,
Rosenfeld, Leifer and Bierman (1939) considered sweat probably

to have fungicidal powers, little sweat is produced by feet
(Marples, 1968). Weidman,(1927) thought that moisture, especially
from sweating, was conducive to infecticu, especially in
intertrigous places.

However, as more people started to remove their socks and
stockings in warmer weather, it was suggested that exposure to
the air would help to keep feet cooler and drier and therefore

, ) . * (Flowers ~Pa%cm{<mmnmn¢ahmn
less prone to developing tinea pedise. This may 'explain the fall
in October 1973, although May might have been too early for
removal of hosiery. From the questionnaire it was found that
3 times as many women (90%) discarded their hosiery in summer
as men (30%)e Since this was the case one might expect the
incidence of tinea pedis in women to decrease more than in men
in October, but this was not so. The incidence of the disease
in women was twice that of the initial incidence, but that of
the men had virtually returned to the initial incidence.
Therefore, it seems that the women either came into greater
contact with tinea pedis than did men in summer, or that they
are exposed to tinea pedis for a longer period of time than are
men. Vanbreuseghem (1967) wondered whether higher prevalence is
cdue to larger numberé of contacts with pathogens or to a
progressive breakdown of resistance of skin or of some other
unxnown barrier.

2, Male : female ratio

Overall the ihcidence of tinea pedis was found to be twice
as much in men as womene The fact that more men suffer from
tinea pedis has been found by several other workers (See table
overleaf), On the other hand, Rosenthal and Baer (1966) found
that there was no difference in susceptibility to T. rubrum and

T. mentagrophytes of males and females, Vanbreuseghem (1958)
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Table of documented male : female infection ratio.

male ¢ female

Legge, Bonar and Templeton, 1929a 53e3% 3 15e35%
‘ 1929b 78e6% 1 1743%
Gould, 1931 50-50%" 3 4«15%
Marples, 1958 1768% ¢ 5.9%
English and Gibson, 1959 L o: o1
English, 1961 6e5% 1 146%
Marples, 1968 15e3% 1 243%
Cordonnier, Lundy-Mahieu, Parent 2 1
and de Beer, 1971
Gentles and Evans, 1973 21.5% ¢ 343%
6e3% 3 0.9% /

reported that tinea pedis occurred as frequently in men and
women, but appeared to acquire a real importance with men more
often than with women. Pan (19¢4) discovered that the rate of
tinea pedis infection was the same in men and women in Taiwan,
while Marples and Bailey (1957) found no differences between
infection in men and women,

Legge, Bonar and Tem>leton (1329) stated that the reason
women have less tinea pedis than men did was because their
habits were cleaner and they observe a much hicgher type of
pPersonal hygiene; they perspire less than men and wear lighter
shoes, which are better ventilated and changed more often, They
also reported that at California University, women students

had to wear rubber bathing shoes and were not to walk barefoot
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in showers, pools or gymnasia, whereas the men constantly
walked in their bare feet, In addition, there was a lack or
non-use of bathing shoes and inferior sanitary facilities.
Cordonnier, Lundy-Mahieu, Parent and de Beer (1971) also
considered women to have higher hygiene standards than men.dide.
The results from the questionnaire endorse this suggestion.
The use of talcum powder, whether containing a medicinal
preparation or not, after bathing helps to keep feet dry by
absorbing moisture and a change of hosiery daily means that if
any skin particles which are infected,are inside thh: socks or
tights,continual contact from the sams sock is prevented.

The numbers of students who had been treated by a doctor
for tinea pedis before coming to university were very similar
in both men and women, and in I and IV. This also applied to the
numbers who used medication for prevention. Rosenthal and 3aer
(1966) said presence of blistering encouraged infection.

A1l these factors were discussed by Schwarfz (1947). By use
of a) talcum powder, b) wearing shoes in showers ¢) thorough
drying of skin, d) changing to clean dry hosiery frequently
and e) wearing shoes in gymnasia, elimination of tinea pedis
is helped even in the presence of heat, humidity, local trauma
and communal living (Schwarlz,1947; Davis, Garcia, Riordon and
Taplin, 1972 and Legge, Bonar and Templeton, 1929.) However,
Marples (1968) found that in shoe-wearing populations, the
interdigital spaces of feet, especially the L4th space, appears
toiprovide a particularly favourable habitat which supports
a rich and varied flora, "Desquamated skin tends to remain in place,
the opposed surfaces reduce loss of water, absence of
sebaceous glands reduces supplies of inhibitory components in
surface film and the skin temperature, although variable, remains
at a level which is:.generally lower than on the head or trunk.”

Bhutani, Mohapatra and Kandhari (1971) also said that, in
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an urban group which they studied, footwear was a major
contributary factor. This may be true for people who harbour

a dermatophyte on the skin in the interdigital spaces, but for
those who do not have tinea pedis or harbour a fungus, this
probably is not so. Because Bhutani, Mohapatra and Kandhari
(1971) found that shoes contributed to their groups infection,
it does not mean that going around barefoot necessarily prevents
one from contracting tinea pedis, but the better aerated the
shoes, the less the situation will be exacerbated., Nickerson,
Irving and Mehmert (1945) have suggested that reduction of
humidity of the feet by wearing open-toed sandals is beneficial
in the prevention of foot infections,

Legze, Bonar and Templeton (1929) noticed the persistence of
tinea pedis in those wearing woollen sockse. Wool is a keratin
source and it may be that the dermatophytes can utilise this as
a food source, Broughton (1955) isolated T. mentagrophytes var

interdigitale even from laundered socks of infected patients,
Legge, Bonar and Templeton (1929) thought that wool produces

heat and moisture, but it is more likely to absorb moisture
than nylon is. More women (50%) than men (30%) wore nylen hosiery,
whereas men wore mixtures (55%) more than did women (41.6%),
Apart from the question of hygiene, fewer women took
showers after sports. They were inclined to tzke baths at their
halls of residence, where the number of girls allotted to one
bath (4) was less than the number of men (12), athletes and
non~-athletes, using showers in the mens' halls. This would help

explain the higher incidence in men and why non-athletes
% infected

contracted the disease. ~

Men who used showers 18.6
Men who did not use showers 6e1
Women who used showers ' 8.0

Women who d1d not use showers 12,8
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Therefore showers appear to be the main source of cross infectione

Trichophyton mentagrophytes var interdigitale was by far

the most comnon dermatophyte isolatedes Many people have reported

the relative incidence of Te mentagrophytes and Te rubrum, but no

definite conclusions have been reached yete Some people found

Te rubrum to be the most common dermatophyte-isolated (Kornbdleet,
1960; Lavalle, 1966; Ohm and Skogland, 1968; McCaffree, Fethiere
and Blank, 1969; Shetsiruli, 1969a,b; Galler, 1971 and Hantschke,
1971) and others found T mentarrophytes to be the more common,

Those vho reported this as being so were: 3urke and Bumgarner,
19493 Marples and di Menna, 1949; Hall, 1956; Gentles and Holmes,
19573 Cremer, 1959; Holmes, 1959; Marples, 19593 English and
Gibson, 1959, 1960; Alteras, Cojocaru and Hontaru, 1967; Koch
and Schippel, 1971; Panfilis and Vidoni, 1971 and Gentles and
Evans, 1973 On the other hand, some people have discovered that

although T. mentagroohytes is most common, the incidence of T,

rubrum is increasing (Bienias, 1963; Meier, 1967 and English and
Turvey, 1968), while Rosenthal and Baer (1966)and Blaschke=-
Hellmessen, (1968) found no differences in tae relative incidence
of the two species. The reason for the discrepancy may just be

that although Te. mentagrophytes is common, T.rubrum infections

are more serious and more difficult to cure and therefore more
persistent,

Epidermovhyton floccosum is quite rarely found in large
nunbers (Ajello, Keeney and Broyles, 1945, Marples, 1958; Holmes,
1959; Koch and Schippel, 1971.)

3, Left ¢ right foot ratio.
The incidence of tinea pedis in relation to right and left

feet 15 of some interest. One might expect that half as many
people would have an infection on both feet as on one foot, but
this was not the case., Both feet were much less infected than
one foot ( p =< 0,001 ). One wonders why there is so little cross
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transfer. Many wives, according to Weidman (1927},were free from
dermatophytes whereas their husbands were notably infected.
Immunity was given as the reason for this, but this does not
explain why more men have more 2 foot involvement than women.

Some people are able to acquire immunity if they have been infected
before (Jones, Reinhardt and Rinaldi, 1974). Rothman, Knox and
Windhorst (1957) thought that a Ts rubrum infection they found was
transferred from husband to wife and Greenbaum (192%) quotes
Sabouraud as saying that differences in susceptibility could be
attributed to differences in reaction of sweat. It is thought

that women are less susceptible to disease than are men, but it is
also possible that socks can be put on either foot, aiding cross
transfer, whereas with tights (some brands) they are put oh the.
same feet each time, or it may just be that they are washed more
frequently. Since tights are a fairly new innovation this would
not account for results found in 1929 by Legge, Bonar and
Templeton,

It was found that there was more infection on the right foot
than on the left, It is not known why thzre should be this
difference. It has been sugsested (Pugh, personal coummunication)
that right-handed people may be able to dry their left foot more
easily than the right. When sampling took place, it was noticeable
that some people were more sensitive on one foot than the other,
but at the time no note was made of which foot this wase. If the
right foot were more sensitive, it may be possible that these
people could not bear to dry that foot as carefully as the other.
L, Influence of sports,

The sports that the students played can give an idea of
where infection may be transmitted. Those students who played all
sports documented showed a higher incidence of tinea pedis after
one year at univérsity. This may be because they took more showers

when at university rather than at school, or it could be that



65

because so many more people played sports, the opportunity for
infection becomes greater, as does cross transfer., In the case
of those students who nlayed rugby, football, badminton and
squash, there was a decrease in the incidence of the disease
after May, probably because these sports were played less in
summner,in contrast to tennis, athletics and swimming. The
students who played these sports had an increase in tinea pedis
by Octover 1973, Legze, Bonar and Templeton (1529) reported an
increase in the incidence of tinea pedis from 53% to 78.9% in
men and 15% to 17.,3% in women after 2 semesters, when they had
been engaged in physical exercise and showers., In addition, the
men went round in bare feet in the gymnasium and the women did
not.

Fichtenbaum (1966) cemonstrated tinea pedis in 64% of
swimmers, 87% athletes and 40% bath attendants. Alteras, Cojocaru
and Hontaru (13967) found 62% of swimmers and trainers were
infected. Gentles and Evans (1973) considered that infection was
¢learly spread within the swimmning baths that they studied and
Alteras and Cojocaru (1973) thought swimming pools, beaches and -
public baths were the main sources of infection, as did Percebois
and Chevalier (1972). However, Baer, Rosenthal, Rogachevsky and
Litt €1955) found‘whét.tﬁéy térmed "“convincing evidence", that
exposure to fungous material in swimming pools, showers stalls
and other such places plays a minor role in eliciting acute
infection of the feet., Several workers have found floors a
source of infection and even if not very important, they still
exist as reservoirs of infection. Adamson and Annan (1949) were
the first to isolate T. mentagrophytes from a skin scale on the
floor of a bathhouse. English and Gibson (1959) isolated T.
mentagrophytes from the floors of swimming pools. Gentles (1955)

isolated T.mentazrovhytes and T, rubrum from floors of communal

bathing places and Gip and Aschan-Aberg (1968) cultured T. terrestre,
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Te mentagrophytes and Ee floccosum from floor surfaces of an

open~-air public bath in Sweden. Trichophyton mentagrophytes,

Te rubrum, E. floccosun, T terrestre, T. ajelloi, M. cookei,

M. nanum and M. gzoseum have been found on floors of army
barracks (Gip, 1964) and the first 4 have been isolated from
floors of a bath (Gip, 1967). Bocobo and Curtis (1958) and
Bocobo, Miedler and Eadie (1963) isolated T. mentagrophytes
from schoolhouse floor sweepings and Ajello and Getz (1954)

recovered from shower stalls and shoes, Ts mentapgrophytes,

E§ rubrum and §. floccosum. These 3 species have been isolated
from samples around a swimning pool and in shower cubicles where
the floor was always wet (Drouhet, Marcel and Labonde, 1967),
Ajello and Getz (1954) cite the work of Grenecser (1937) who
reported To mentagrophytes from a bath mate. Cordonnier, Lundy~
Mahieu, Parent and de Beer (1971) isolated 2. mentagrophytes,
Terubrum and Ee floccosum from a swimming pool edges Two-thirds

of the isolations were from men's cubicles, sides of pools and on

steps. The other third of the isolations were from men's showers,

women's cubicles and showers. Very little was isolated from water,

but twice as many isolations were from men's areas than women's.
Gip (1967) found that the isolations of dermatophytes

could be cut down if feet were washed before walking across

floors, especially when numbers of bathers were large. Bonar and

Dreyer (1933) discovered that T. interdigitale could grow readily

on floor material which was covered by a coating of slime or algal

growth. Gould (1931) reported that ringworm fungi could be isolated

from wooden floors, runways, benches, diving boards and rubber and
canvas mzxts at swimning pools, iﬁgddition to being found on towels
and soape .,

Doby-Dubois, Eon and Doby (1961) reported that 33% who
played sports were infected, whereas only 3.8% of non-players
were infected. Legge, Bonar and Templeton (1929) found 83% of men
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who were required to take gymnastics at California University,
were infecteds Vanbreuseghem (1958) said that tinea pedis is
supposed to be more comzon amongst those who use swimming pools
and shower baths, but that the part played by these 2 places, in
transmission of disease, is very debatable,

Baer, Rosenthal and Furnari (1955) and Baer, Rosenthal,
Litt and Rogachevsky (1955) considered from experimental infection,
that in most people the skin of the feet has a remarkable
capacity for ridding itself of pathogenic fungi. This may help
to explain why the incidence of tinea pedis decreased in October
1973, and may be the factor which causes the elimination of the
disease in some students. Certainly, since so few students had
been treated for tinea pedis (3%) and few took any form of
preventive measures (9%), cures by professional treatment did not

appear to be the reason.

Comunents on methodologsy

Friedman, Derbes, Hodges and Sinski (1960) comuented
on the fact that investigators carried out microscopic studies
less frequently than cultural studies. This being partly due to
the fact that if cultural studies are to be carried out, then
microscopic ones are unnecessary and time-consuming, because
cultural studies not only tell whether a fungus is present, but
the species can be identified too. However, they comment on the
fact that contamination from the air in the laboratory can result
in false recordingse Friediman, Derbes, Hodges and Sinski (1960)

found Microsporum audouini and Trichophyton tonsurans occurred as

airborne contaminants in the environment of a dermatology clinie
and Clayton and Noble (1963) isolated dermatophytes and Candida
albicans from air when examining patients with groin infectionse
Midgley and Clayton (1972) found that, although dermatophytes

were rarely present in the microflora of air or skin of healthy
individuals, when patients suffering from mycotic infections of the
sitin were examined in confined spaces, the dissemination of
dermatophytes was demonstrated by recovery from air and normal

areas of the body,
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The fungi isolated on the ink blue-supplemented malt
extract agar all turned the agar colourless, Baxter (1955)
found that 24 keratinophilic fungi that he studied had the
ability to do this, including T. nmentagrorhytes, T. rubrum,

T. terrestre, T. ajelloi, M. gypseum, Me cookei and Ctenomyces

serratus. In'this present work, Chrysosporium keratinophilum
has also been found to possess the ability to decolourise the

ink blue medium, In the appendix are some photographs of those
keratinophilic fungi which, in the present work , were able to
change the ink blue medium to colourlesse



SECTION II
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INTRODUCTION

There appeared to be a correlation between the

occurrence of some keratinophilic fungi and the soil pH
and temperature at Highfield's swimming pool and in the

hedgehog pens. Further experiments were carried out to

elucidate this situation for conidial Arthrocderna uncinatum

and other keratinophilic fungi.

The effect of temperature on growth has been studied
before by other workers, (Kadisch,1929; Gabrielsen, 1943, v
Robbins and Ma, 1945; Giblett and lHenry, 1950; Stockdale, 1953;
Gentles, Dawson and Brown, 1964; Evans, 1969; Pugh and Evans,
1970b; Sa¥z and Battesti, 1970 and Engelhardt-Zasada and
Prochacki, 1972.,). This study provides a coaparison of crowth
of six keratinophilic fungi at different temperatures.,

At Highfield's swimming pool and the hedgehog pens some
of the keratinophilic fungl did not seem to be influenced by
the presence or absence of keratin, viz skin and hair from
swimmers or spines and scales from hedgehogses In fact, some
keratinophilic fungi appear to have an even distribution
throughout the Year. These observations pose juestions on the
status of these fungi in the soil. Do they form survival
structuresyor are they able to grow through the soil utilising
carbon and nitrogen sources in the form of simple sugars and
amino acids,known to be present in the s0il? Flaig (1971) said
that according to published results, about 20 = 50 % of the
organic-bound nitrogen is in the form of amino acids in the
80ile. Among those amino acids found in soil are histidine,
arginine and lysine (Schreiner and Shorey, 1909, 1910a and b ).
Aspartic acid, serine, threonine, glutamic acid, hydroxyproline,
glycine, alanine, valine; proline, isoleucine, leucine,

ornithine, tyrosine and phenylalanine have also been found in
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soil hydrolysates by Stevenson (1956) and Young and
Mortensen (1958),

Gupta (1967) listed the different carbohydrates which
have been found in soilsgywhich included glucose, fructose
and sucroses lNagar (1962) indicated that common sugars e.ge
glucosegexist in a free condition in soil organic matter.

Since conidial Arthroderma uncinatum, Trichoohyton

terrestre and Chrysosvorium keratinonhilum were the most
Y I I

abundant fungi isolated from all s0ils,it was decided to

study the nutrition of these three fungi. Trichophvyton ajelloi
V4

has been studied by Hejtmanek (1961), iathison.(1961), Ragot

(1966a and b) and Evans (1969) from various angles, but 7T

el
—

terrestre and Ce keratinophilum have been little studied.

Kuehn,(1961) studied the nutritional requifements of Arthroderma

fuberculatum and although this has been referred to as the

perfect state of Ce keratinophilum it has not been validated.

Microsporum cookei and M. gyoseum were the other two species

isolated but they have been studied in some detail by Mandels
and Shotts (1947), Johnson and Grimm (1951), Bereston (1952),
Bereston, Robinson and Williams (1958) and Koehne (1962) and
therefore it was thought unnecessary to study them further.
This study was & new line of investigation to find the best
combination of carbon and nitrogen source for optimum growth of
each of the chosen species,

The effects of fungicides have been studied in vivo at
Rothampsted and Sutton Bonington. Experiments to determine their
effect in vitro upon keratinophilic fungi were carried out to
help explain the results in vivo. For the same reasons, the
effect of sea water upon these fungi was studied, i.e. to
determine which factors influence the isolation of keratinophiles
from different regions at Gibraltzr Point. Orrﬁ, Pinetti and

Aste (1968) studied the effect of NaCl and sea water on some
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dermatophytes, including Trichovhyton, Microsporum and

Epidermophyton speciese. On solid media 4 - 6% NaCl hindered
growth and 8 - 13% inhibited it. Adding NaCl to zarden soil
or beach sand did not affect funcal growth but inhibited

microconidial formation and the ability to attack hair baite.
Tl McGinnis and Hilger (1972) made a study of the ability of

Trichophvton menta-ronhytes to grow through soil because it

has rarely been isolated from s0il (Lurie and Borok, 1955;
Rodriguez, 1953; Puri, 1951; Zvolceanu, Alteras and Cojocaru,
1962, 1963; Rogers and Deneke, 1333; Shome, 1963; Campos and
Vilella, 19%4; Baxter, 1955, 1969 and Rioux, Jarry, Jarry and
Bourelly, 1955). Since little is known about the ability of

A+ uncinatum, T. terrestre and Ce. keratinophilum to grow

through soil it was thought that such a study would provide
some useful information about these three commonly occurring
keratinophilic fungi., The ability of these species to compete
for colonisation of an agar plate was studied by the method of
Wastie (1961) and their ability to compete with saprophytes in
soil for a keratin bait was studied using soil colonisation tubes
(Evans, 1955). For A. uncinatum this was complementary to the
use of the fluoresceant antibody technique.
The basic principle of the fluorescent antibody

technigue is an immunological staining procedure which allows the
rapid detection of the specific funzmus under investigation, in an
antigen-antibody reaction. The use of fluorescein dyes achieves
this end. Two advantages which this technijue has are

a) that fluorescing antigen-bearing cells with distinct
morphological characters can be seen, and

b) that even if the antigen is present in a small amount or
in a mixture with other organisms it can easily be detected
against a dark background. ,

The technique has been widely used in medical gycology
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for the study of deep mycoses and yeasts. This work has been
reviewed by Kaplan (1970) ané Xaplan and Kaufman (1961).
However, there are few reports on the application of the
technisue to dermatophytes. Although Grappel, Blank angd

Bishop (1967, 1968 a,b, 1969), Grappel, Buscavage, Blank and
Bishop (1970), Evolceanu, Alteras and Nicolau (1966), Noguchi,
Hattori, Shimonska and Ito (1971), Basarab, How and
Cruickshank (1968) and Andrieu, Biguet and Laloux (1968) have
all carried out imnunological studies on dermatophytes, only
Miura (1968) and Walzer and Einbinder (1952) have made
immunofluorescent studies on this group of fungi. These authors
used the indirect fluorescent antibody technique to study
Trichoohyton rubrum, T. interdigitale and T. mentagrophytes

antibodies in the sera of patients with dermatomycosis and they
both found a high rate of positive reactions occurring with sera,
However, stronz cross-reactions were seen and no direct
relationship was found between the intensity of the reaction and
that of infection.

Apart from this work no other applications have been
reported for either zoophilic or geophilic keratinophiles.

One reason for this is that some keratinophilic fungi were
found to be autofluorescent, e.g. lMicrosporum species, Stuka
and Burrell (1967) found that young mycelia of T. rubrum were
more antigenic than old and so gave varying degsrees of
fluorescence.

Despite these difficulties there seemed to be an obvious
potential for the use of the technique to determine the

competitive saprophytic ability in soil of A. uncinatum, which

is the most abundant keratinophile in the soils of temperate
regions., Some dermatophytes are considered to be good

competitive saprophytes, e.ge. Ctenomyces serratus, because in

colonisation tubes it grew through non-sterile soil(Pugh,1964),

. _\other Than hus ot .
but there is little evidence to support this Pugh also found
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that Arthroderma curreyi was not a good competitive saproohyte

but was capable of survival in soil in the form of cleistocarps,

It was hoped that the form in which A. uncinatum survived

could be determined, and also to discover if it actually does
grow through soil. The normal methods for isolating fungi from
s0il are unsuitable for determining the form of the fungus in
soil,

A study of the imperfect and perfect structures of
several dermatophytes was made with the scanning electron

microscope,
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MATERIALS AND MZTHODS

All soils uged in the experimental section were passed
through a 2 mm sieve before use.

Effect of temperature on the growth of keratinophilic fungi.

Discs from 2-week-0ld cultures of Trichophyton terrestre,

T, mentagrophytes, ’ Arthroderma uncinatum, Microsporum

cookei, Ms gypseum and Chrysosporium keratinophilum were cut

with a sterile cork borer and plated out onto Sabouraud dextrose
agare A set of 5 plates for each fungus was incubated at 5°,
10°, 15°, 20°, 25°, 35°.and 40°C, The diameter of each concentric
colony was measured every day for 2 weeks and recorded as the
mean of the readings, but if the colony was eccentric, 2

diameters were measured and the mean used as the resulte

Effect of pH on growth of keratinophilic fungie.
a) liquid culture

Sabouraud's liquid medium was buffered to give pH values
of 4, 5, 6, 7 and 8. For piI 8, the 1N NaOd used to make the
medium alkaline was added aseptically after autoclaving. To make
the medium acid 1N HCl was added. The medium was dispensed in
250 ml Erlenmeyer flasks in 50 ml quantities, autoclaved at
120%¢ for 20 min and when cool inoculated with 5 mm discs from

2=week=0ld cultures of Te terrestre, T. mestagrophytes,

A. uncinatum, M. gypseum, M. cookei and C. keratinophilum. There
were 3 replicates for each pHe The flasks were placed on a
reciprocating shaker at 25°C for one week and then the contents
of the flask were harvested, dried at 50°C for 48 h and then
dry weight cdeterminations were mades Growth was expressed as
mgm mycelium/ 100 ml medium.

b) solid medium

The same method as for liquid culture was used to give
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. & range of pl values in solid media. ilowever, the range could
only be made from pH 5.0 to 7.1 because the agar would not
solidify out of this range. Various other solutions had been
considered to create the different pis, but sone, e.g. acetates
and phosphates, may be toxic and others, e.g. citrates can be
used as carbon sources, with consequent displacement of the
apparent pH optimum (Cochrane, 1958).

The same source of inoculum as in liquid culture was used
and the discs were plated onto S.D.A. and incubated at 25°C.
Radial extension of growth was recorded every day for 2 weeks.

Results are given as the mean of 3 colony diameters,

Effect of pH of soil on reisolation of Xeratinoohilic fungi.

The so0ils of 3 different pis from Sutton Bonington were
autoclaved at 120°C for 1h on 4 successive days and then the
sieved samples were placed in petri dishes and inoculated with

L x 10 spores of T, terrestre, T. mentagrophytes,

A. uncinatunm, d. zypseum, M. cookei and C. keratinophilum.

Half the plates were baited with 1 cm pieces of degreased wool
and half with greasy wool. The soils were kept moist with
sterile distilled water. Three replicates of each experiment
were set upe. The plates were incubated at 25°¢C for 5 weekse
Each week 10 pieces of wool were removed and percentage
colonisation for each fungus was determined. The pH was
measured before and after autoclaving to determine any

alterations,

Carbon and nitrogen requirements of 5 keratinophilic fungi.

- The fungi studied were T. terrestre, C. keratinophilum

and A. uncinatum. They were grown on S.D.A. for 2 weeks. A

sterile cork borer was used to cut discs 5.5 mm diameter from

the-colony peripherye.
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A basal medium was made containing:

K, HPO,, Oukt g

HgSOye 71,0 0.05 g
NaCl 0.01 g
FeCls 0.01 g
distilled water 1000 cc

This non-nitrogenous basal salt solution with additional
nitrogen and carbon sources was dispensed into 250 ml
Erlenmneyer flasks in 50 ml quantities and autoclaved at 12000
for 20 nin.

All glassware was washed in acidified potassium dichromate,

Amino acids were added to the basal salt solution using
asparazine as the standaréd ( 2 g of asparagine give 0.3731 g
nitrogen),

Amount of nitrogen source added to the medium

(g/1)
DL-Alanine 243719
HHQBO3 1.,06E5
L=Arginine 141606
L-Asparagine 20000
L-Hydroxyproline 34946
DL-Aspartic acid 345474
L-Cysteine 3.2239
L-Glutamic acid 3.9210
Glycine 2.,0006

DlL-iso~Leucine 344960
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Dl-Methionine - 349765
DL- B -Phenylalanine 4.4023
I-Proline 33,0682
DL-Serine 2.800§
L-Tryptophan 2.7214
L-Valine 31221
Urea : 0.2003

Using a ratio of carbon : nitrogen of 1 : 1, the amount in

g / litre of carbon source ( one of six ) was calculated:=

glucose 10,00 g
fructose 10.00 g
maltose 10.00 g
sucrose 9.47 g
lactose .47 g
starch 9.00 g

Several controls were also set up without carbon sources, without
nitrogen sources, without both carbon and nitrogen and the third
control was Sabouraud's liquid medium

Each flask was inoculated with one 5.5 mu disc when the
media had cooled. The flasks were incubated at 25°C on a
reciprocating shaker for 2 weekse. The contents of the flasks
were then harvested and dried at 50°C for 48 h and then dry
weight determinations were made.

Each experiment was carried out in triplicate and several
experiments were repeated.

The growth from three flasks was calculated in teras of
the average weight of dry mycelium / 100 ml of medium.

The pH of each medium was measured before and after 2

weeks growth of each fungus.
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Effect of fungicides on growth of keratinophilic fungi.

Measured quantities of distilled water in 30 medical flats
were autoclaved at 120°C for 20 nmin and when cool, appropriate
amounts of fungicide were added aseptically to 5 flats to give
concentrations of 100, 50, 25, 10 and 5 ppm of total fungicide

(when diluted in media) for each of the 6 fungicides usede. The

fungicides were formaldehyde, dicloran, captan, thiram, Milcol
and Triarimol,

Formaldehyde was used as a 40% solution. Dicloran is 4%
active ingredient and called Allisan D.D. Captan is N- (trichloro
~nethylthio ) tetrahydrophthalimide and is composed of 50%
active ingredient, Thiram is tetramethyl thiuram disulphide;
the active ingredient comprises 50% of the compound. Milcol is
h=(2-chlorophenyl - hydrazone) =3-methyl-S5-isoxazolone. Triarimol
is =(2,4-dichlorophenyl)=&=phenyl-5-pyrimidine methanol.

These 5 concentrations of 6 fungicides were then used to
make up both liguid and solid media to determine their effect on

the :growth of the 5 fungi T. terrestre, A. uncinatum, M. cookei,

Me gypseum and C. keratinophilum.

a) 1lijuid medium
Sabouraud'!s liguid media was dispensed in SO ml

quantities into 250 ml Erlenmeyer flasks and autoclaved at 120°¢
for 20 min. When the medium was cool, 1 ml of the appropriate
sterile fungicide solution was added to each of 3 flasks to give
100, 50, 25, 10,or 5 ppme No fungicide was added to the controls
of pure Sabouraud's liquid medium. The flasks were inoculated
with a 5 mm disc from the periphery of a 2-week-0ld culture of
one of the 5 keratinophilic fungi. After 1 week incubating at
2500 on a reciprocating shaker the contents of the flasks were
harvested and dry weight determinations made. Growth was
expressed as mg mycelium / 100 ml of medium.

b) solid medium

Measured quantities of Sabouraud dextrose agar were
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autoclaved at 120°C for 20 min. When the agar had cooled to

50°C, the correct amount of sterile fungicide solution was

added aseptically to give the concentrations 100, 50, 25, 10

or 5 ppms Plates were then poured immediately and when the agar
had set,they were inoculated with 5 mm discs of the keratinophilic
fungi. The plates were incubated at ZSOC and the diameter of the
colony was measured every day for 2 weeks. The results were
compared with the control of S.D.A made up with no fungicide,.

The result was the mean of 5 colony diameters,

Effect of sea water upon keratinophilic fungi.

a) isolation of funsi from three soils watered with different

concentrations of sea water.

The three soils were the two collected from the Pembrokeshire
farm and one collected from the Botany Department, Nottingham
University.

Thirty petri dishes per soil type were half-filled with
sieved soil. Half were baited with 1 cm pieces of degreased
Animal Wool B.P., and half with greasy wool. The soils were
watered with 4 concentrations of sea water and controls with
sterile distilled water. Three replicates were set up for each
concentration and were incubated at 25°C for 4 weeks.

Examination was made studying 10 pieces of hair picked
at random from the soil surface and percentage colonisation

was calculated.

b) reisolation of keratinophilic fungi inoculated into sterile

soil.

o One hundred and fifty petri dishes were half-filled with
sieved soil which had been sterilised by autoclaving on L
successive days for 1 h at 120°C. For each fungus 30 petri
dishes were inoculated with 4'x 106 spores of T. terrestre,

A.'uncinatum, M. cookei, M. gypseum or C. keratinophilum.
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Seventy-five plates were baited with degreased and 75 with
greasy wool. Using 3 replicates for each combination, the soils
were watered with 4 concentrations of salt water and sterile
distilled water as the controle. Percentage colonisation of the
wool bait was calculated as before.

An identical set of experiments was set up using sterile
sand obtained from Gibraltar Point and autoclaved on 4 successive
days for 1 h at 120°C.

¢) growth of keratinophilic funsi in solid media containing

different concentrations of sea water.

The five fungi, M. cookei, M. gypseun, A. uncinatum,

Te terrestre and C, keratlnonhilum, were cultured on S.D.A.

After 2 weeks growth, 15 cores of agar per fungus were cut fron
the periphery of the colony and plated out onto S.D.A with
sterile sea water ofithe experiments being substituted for
sterile distilled water in the control. Four concentrations
of ses. water were usedj 2 strength, % strength, full strength
and double strength, as in experiments a) and b).

Plates were Xkept at 25°C and the diameter of each colony

was measured every day for a fortnight.

d) growth of keratinophilic funzi in liquid media containing

different concentrations of sea water,

Five sets of Sabouraud's liquid medium were made up using
L concentrations of sea water and sterile distilled water which
acted as the control. The medium was dispensed in 50 ml quantities
into 250 ml Erlenmeyer flasks and autoclaved at 120%¢ for 20 mine
When coolygthe flasks were inoculated with the appropriate fungus.
Three replicates per fungus per concentration were set up. After
1 week on a reciprocating shaker at 25°C the cultures were
harvested, dried for 2 days at 50°C and then dry weights

‘determined. Growth was expressed as .. mycelium / 100 ml mediume
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A study of Arthroderma uncinatum and  Trichophyton mentagrophytes

using the fluorescent antibody technigue,

Preparation of inoculum for rabbit (antigen preparation)

Arthroderma uncinatun was cultured on S.D.A and 5 ma

diameter discs were cut from the periphery of a 2-week-o0ld

colony of either Ae. uncinatum or T. mentagrophytes. One disc

was used to inoculate each of 3 Erlenmceyer flasks containing
50 ml of Sabouraud's liquid medium which had been autoclaved
at 120°C for 20 mine. The mycelium was harvested after incubation
for 2 weeks at 25°C in stationary culture. The ejuivalent in wet

weight to 5 mg (15 mg for T. menta@rbphzjes) dry weight was

weighed and suspended in 15 ml physiological saline after
grinding to give 1 mg (3 mg for T. mentagroohvtes) dry weight

mycelium/3 ml saline.

A test was made for contazmination of the prepared inoculum
on S.D.A. '

Production of antibodies

A 1 ml volume of the fungal suspension was injected into a =
sterile ﬁijou bottle and an equal volume of Freund's coaplete
ad juvant was added and thoroughly mixed with the spore and hyphal
suspensionQ‘This nixture was used to inoculate a male New Zealand
white rabbit, weighing 3.5 Kg, subcutaneously in the flank once
a week for four weeks. After 2 months the rabbit,which had been
inoculated with A. uncinatum)was inoculated again every other
day for a week in alternate flanks. The rabbit was rested for
one week and then given a test bleed to obtain about 10-15 ml
of blood. The ear of the rabbit was shaved to remove hair at a
point where a prominent”vein could be seen. The zrea was bathed
in 70% alcohol and a small nick was made in the vein and the
blood flowed fairly freely into welled bottlese. After obtaining
the blood the rabbit's ear was prevented from bleeding by adding
adrenaline to a wad of cotton wool and pressing this hard onto

the ear.
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The blood collected was left for + h to clot and then placed

in a refri gerator at,4°C overnight. The serum separated and was
decanted from the clot and centrifuged at 1500 RPM for 10 min.
The serum was again decanted and respun at 2500 RPM for 30 min to
spin off platelets.

Agar gel diffusion plates were set up (prepared as described
by Gooding, 1966) with 0.8% agar and sodium azide as a bacteriostat,
to test the response of the rabbit to the antigen.

A crude fungal extract was made by grinding a dry mycelial
mat of the fungus in question in a pestle and mortar and then
made up to 10 ml with phosphate-buffered saline (pH 7). Sodiuam
deoxycolate (1%) was added to this extract to precipitate the
particulate matter, This was not entirely successful so an
ultrasonicator was used to solubilise the crude fungal extract
in 1 min.

The outer wells of the double diffusdon plates were filled
with fungal extract and the inner wells contained dilutions of
serum., The plates were refri gerated and left for a few days.

The wells were kept topped up. Ten days after the onset of this
test, precipitin lines were seen at 3 of the wells: undiluted,
1:2 and 1:4 diluted serum for A. uncinatum and at the first 2

wells for T. mentagroohytes. (Figure S

Final bleedings were made from the ear vein a month after
the ultimate injection. The serum was collected and stored
without preservative at -20°C. The Y 8lobulin fraction was
prepared using the method of Hill and Gray (1967).

Ejual volumes of antiserum and 3,9 M ammonium sulphate were
nixed at 2°C. The resulting precipitate was centrifuged at
3000 g for 15 min, washed with 1.95 M ammonium sulphate several
times and dissolved in a minimal volume of distilled water,
The solution was dialysed in 17.5 mm diameter tubing against
0.85% NaCl at 2°C until all the ammonium sulphate had been
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_removed (tested with barium salt). The x globulin was stored
at 2°C,

Experimental slides of 4 kinds were examined, They were:-
a) those which were placed in a transverse manner in sandwich
boxes half-filled with non-sterile soil. Two portions of 1 c¢m
pieces of degreased Animal Wool, B.P. were placed 3.5 cm apart
on the surface of the soil adjacent to the slide face. One
portion was inoculated with either A. uncinatum or T,
mentagrophytes and then the slides and wool were completely
covered with more nonsterile so0il. The contents of the box
were kept moist at 60% of the water-holding capacity.
b) Those which were set up in a similar manner to a) but only
uninoculated bait was used so that growth on the bait could

only have been from the soil.

¢) Those which were smeared with soil taken from close proximity
to degreased, uninoculated wool baits buried in the field for
six to seven weeks,

d) Slides which were placed in sterile and non=-sterile soil
inoculated with a spore suspension of either A. uncinatum or

T. mentagrovhytes, with no keratin bait.

Control slides were set up using the slide culture technigque
of Preece and Cooper (1969), which was an adaptation of a
technique by Riddell (1950). Slides of A. uncinatum, A. curreyi,

Ce keratinophilum, Ctenomyces serratus, M. seun, M. cookei

T, terrestre were set up by this method to determine the
specificity of this fluorescent antibody technique,

Other controls used to determine the reaction of normal
serum and unlabelled immune serum were set upe Serum was collected
from the experimental rabbit before it was inoculated,to give
"normal'" serum, The slide cultures were stzained with

a) labelled normal serunm
b) unlabelled normal serum
¢) unlabelled iwmmune serum

in addition to a set being treated in the following manners.
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Control and experimental slides were fixed in acetone for
30 min and then placed in a moist chamber at 35°C for 1 h with
a drop of unconjugatedy globulin. The slides were then rinsed for
30 min and then again for 15 min in phosphate~buffered saline
(Nairn, 1969) and replaced in the moist chamber. A drop of
fluorescein-labelled antirabbit globulin (produced from a goat
by Nordic Diagnostics) was added and left at 3560 for 1 h and
then rinsed in phosphate-buffered saline for 30 min and 15 min
againe Glycerol saline (Preece and Cooper, 1969) was used as the
mounting medium because normal immersion oil is autofluorescent,

The slides were examined under a Leitz Ortholux microscope,
with a mercury vapour UV source, using blue light plus Schott
BG12 transmission filters (3 mm and 5 mm) and a K510 supression
filter. Photographs were taken using a Leitz Crthomat camera
with either Ilford HP4 or Kodak high speed Ekxtachrome film.

Growth of A. uncinatum, T, terrestre and C. keratinophilum on

natural substrates,

Twenty g of a sandy loam from the Botany Department,
Nottingham University, was placed in each of 36 250 ml
Erlenmeyer flasks: 18 contained non-sterile soil and the other
18 contained sterile soil which had been autoclaved at 120°C for
1 h on 4 consecutive days. Nine of each set of 13 contained
100 mg of human hair sterilised by autoclaving at 120°C for 20
mine To 3 flasks from each of the 4 experiments was added 105
spores for each species of keratinophilic fungus being studied.
A spore suspension of each fungus was made by pipetting sterile
physiological saline onto the surface of a 2-week-o0ld culture on
S.DeA and dislodging spores and mycelium with the aid of a
sterile seeker. The mixtures were then poured into sterile
McCartney bottles containing 4 mm glass beads and shaken for
30 min on a bench shaker. The spore suspensions were filtered

through glass wool in the barrel of a Millipore filter extension,
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and then centrifuged at 27000g for % hr at room temperature.
The resulting supernatants was decanted and the spores washed
three times with sterile physiological saline and finally
diluted with the same to give 10° spores / ml, This is an
adaptation of the method of McGinnis and Hilger (1972).

The s0il in the flasks was kept moist throughout at 60%
water-holding capacity at room temperature. On the day of
inoculation and every 3-4 days after for 31 days, thorough
mixing of the contents of the flask took place for every flask,
One g of soil was withdrawn, placed in a sterile test tube and
diluted serially to 105 with sterile water. Samples of 1 ml of
each dilution were pipetted into each of 3 petri dishes. Ten ml
of modified DTM according to Taplin, Zaias, Rebell and Blank
(1969) was added and thoroughly mixed. Colonies of each fungus
were counted on each plate after 10 days incubation at roonm
temperatures DTM was modified because, although Merz, Berger
and Silva Hutner (1970) found DTM superior to Ink Blue because
it supressed bacteria, gentamycin sulphate was unavailable.

Dermatophytes changed the medium from acid to alkaline,
thereby producing a colour change in the medium from yellow to
reds Colonies which produced a colour change were counted.

Certain fungal contaminants turned the medium red, €sZe &
red strain of Penicillium, but it was easily distinguished from

dermatophytes by its appearance,

Growth tube experiments to determine the growth rate of
keratinoohilic funsi.in soil.

Large quantities of soil were sieved, air dried and autoclaved
for 1 h at 120°C. The s0il was then poured into soil colonisation
tubes (Evans 1955), racked evenly and re-autoclaved for 1 h at
120°C on 3 successive days, The final autoclaving was with wool
bait in the side arms. The tubes had been weighed without soil,

with soil and the water-holding capacity was calculated,
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The amount of water added was 60 - 90% water-holding capacity.
A terminal side arm was inoculated with one of six
keratinophilic fungi (A. uncinatum, T. terrestre,

T. mentacrophytes, M. gypseum, M. cookei or Ce. keratinophilum)

The other terminal side arm was used for watering so that
spores were not washed from the inoculum along the tube. Four
tubes per fungus were used. Two contained sterile soill and

two were reinoculated with all fungi, except keratinophilic,
which were present in the soil before autoclaving. The soils
were reinoculated with a spore suspension which was produced
by adding a crumb of soil to a sterile medical flat containing
molten cellulose agar. The flat was revolved in cool water
(with the screw top securely closed) until an even coat of
cellulose covered the inner surfaces of the flat. By this
method soil particles were distributed throughout the agar.
When fungal growth had taken place on the cellulose agar,
sterile water was added to remove aerial spores. This
suspension was used as the inoculum free of keratinophilic
fungi to reinoculate 2 gsrowth tubes to produce non-sterile
soil (Pugh, 1964). Soilin growth tubes could have come from
molehill soils or soil from woodland (Dawson & Gentles, 1959)
50 long as it was known not to contain any keratinophilic »
fungi. The growth tubes were exanined regularly for growth

over a period of four montas. (See Figure 57b)e

Experiments to determine competitive abllity to colonise an

agar plate. (Wastie, 1961)

Preparation of agar plates.

Plates of S.D.A. and plates of S.D.A. plus cycloheximide
and chloramphenicol were poured. Once the agar had set, the
plates were inverted and left for 24 h to allow evaporation

of the surface film of moisture to discourage excessive



Figure 57a
Precipitin lines on a double diffusion plate.
Inner wells contain extract of A. uncinatum,
Outer wells contain serum from a rabbit which

nad been injected with A. uncinatum.

Figure 57b

Soil colonisation tube



Figure 57a
Precipitin lines on a double diffusion plate.
Inner wells'contain extract of A. uncinatum.
Outer wells contain serum from & rabbit which

had been injected with A. uncinatume

Figure 570

Soil colonisation tube



FIGURE 57a
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bacterial development after inoculation of the plates with soil.
Preparation of Cellophane discse

Cellophane discs were cut from commercial Cellophane film,
to a size which would fit inside a 9 cm diameter petri dish.
The discs were placed in boiling water for as long as necessary
to remove the plastic covering from the Cellophane. The discs
were then placed under water and autoclaved at 120° C for
20 mins and remained under water until required.

On the bottom of the petri dish four loci were marked so
that they were each approximately in the centre of one quarter
of the petri dish. At each locus the agar was inoculated by
lightly touching it with the end of a glass rod (4 mm diam)
whose wet end had been dipped into soile A set of plates was
inoculated with a & mm diam circle of sterile soil and another
with non-sterile soil. After being inoculated, the agar surface
was covered with a sterile Cellophane disc, placed carefully
to avoid air pockets between it and the agar surface. The
Cellophane disc was then immediately inoculated at each of
the loci with a 4 mm diam agar disc cut from the periphery of
a 2-week 0ld colony of one of 6 keratinophilic fungi. Thus,
the agar disc was immediately above the inoculum of soil,
separated only by the Cellophane. Iwo petri dishes with &
inocula were set up for each fungus in each experiment, i.e. 8
replicates ih all. The diameter of the radial extension of each

colony was measured every day for a weeke.

Scanning electron microscopye
Cleistothecia of A. uncinatum, A. benhamiae, A. tuberculatum,

Nannizzia gypsea, No incurvata and N. cajetani were obtained

by crossing + and - strains of the fungi on s0il and hair plates.
Rivets with double sided Sellotape on their surface were

placed lightly on the surface of the cleistothecia on the hair
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baite The cleistothecia adhered to the top of the rivet, having
come away undamaged. The aluminium rivets were attached to a
"stub" with the adhesive Dag 915 (Acheson Colloids). The
adhesive was allowed to dry otherwise the rivets might have
come loose or the evacuation of the specimen chamber might have
tzken longer. The rivets and specinens were first covered with
aluminium and then gold by evaporation under vacuum at 1 x 102
Torr. Aluminium reduces thermal damage and comes off slower so
that the specimens czn be rotated more slowly giving a better
chance for the metal to penetrate the network. Gold is used
because it is a good electron emitter. ‘

Treated specimens were viewed with a Cambridge Stereoscan
Hark 2 microscope operated at 20Kv.

Photographs were taken using Ilford HP4 film.,
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Effect of temperature on the growth of keratinophilic funei.

It can be seen from Figures 58 = 63 that maximum growth
for all fungi studied was at 25°C, although M. gyoseum grew at
maximum efficiency at 20, 25 and 30°C. T. terrestre and C.
keratinophilum grew better at 10°C than any of the other 4 fungi.
Only T. mentagrophytes, T. terrestre and C. keratinophilum grew

at all at 5°C, but only to a small extent, i.e. diameter of the
colony after 14 days was 6 = 7 mm compared with % mm at the

inoculation date, C. keratinoohilum and M. gypseum were the only

2 fungl which grew at all at 35°C, producing diameters of 8 and
12 mm respectively, after 1% days.

Effect of pH on the growth of keratinophilic funr~i,

a) liquid medium
Figures 64 and 65 represent the g dry weight of

mycelium of keratinophilic fungi per 100 ml liquid medium at the
pH values of 4, 5, 6, 7 and 8. A. uncinatum, M. cookei and
I. mentarrovhytes had maximun growth at piI 6 ; M. gypseum and
C. keratinonhilum at pH 5 and 2. terrestre did not change greatly
between pd 6 and pH 8.

Most of the fungi, with the exception of M. gypseum, had
least srowfh at pd 4. At and above pH 5, growth increased

compared with that at pH 4, but in most cases there was a plateau

from pd 5 to pHd 8. The growth of M. gypseum decreased from pH 5
down to pH 8, but was always producing 0.5 g mycelium / 100 ml
of medium which was higher than the majority of the highest dry

weights for A. uncinatum, T. mentasrophytes and M. cooxei.

At pId values of 4 and 5, Me groseum was always the fungus
which produced most growth. At pd values of 6, 7 and §, c.
xeratinonhilum produced most growth. At all pll values, M. cookei




Graphs representing growth of keratinophilic fungi

at different temperatures

Figure 58 Ae uncinatum
Figure 59 Cy keratinopnilum
Figure 60 T. terrestre
Figure 61 T. mentagrophytes

Figure 62 M. cookei

Figure 63 M. gypseum



Graphs representing growth of keratinophilic fungi

at different temperatures

FPigure 58 A+ uncinatum
Pigure 59 Cy keratinophilum
Figure 60 T. terrestre
Figure 61 T. mentagrophytes
Figure 62 M. cookei

Figure 63 M. gypseum
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g dry weight mycelium / 100 ml medium
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produced least growtia and A. uncinatum and T. mentacrophytes

were, on the whole, inclined to produce less growth than
I. terrestre.
b) so0lid mediun
At pII values of 5 and 7, the maximum growth was
produced by M. gypseum, (as seen in Figure 66), followed by
C. keratinophilum and then M. cookei. The two Trichophyton

species and A. uncinatum produced least growth at these two
pHl values. Maximum growth for each individual species was at

pl 6.5 for T. mentacronhvtes, C. keratinophilum, M. cookei

and M, grpseum, and 7.1 for T. terrestre and A. uncinatum.
However, on the whole, growth between values pH 5 = 7.1, was
50 little that differences were not clearly seen.

Because the azar would not solidify beyond this small
range of values of pH, this method was not considered to be of
any use in determining the effect of pH on growth of
keratinophilic fungi. Liquid medium, on the other hand, showed

differences more distinctly and over a widerrange of pH values.,

Effect of $1 of soil on reisolation of keratinophilic fungi.
All the fungi, with the exception of C; keratinophilum

and M, gyvseum at pH 6 and 4, colonised degreased wool more

than they colonised greasy woole. At pHd 8, maximum percentage

colonisation by M. cookei, T, terrestre, T. mentasrophvtes and

A. uncinatum took place; at pH 6, by C. keratinophilum, and

at both pd 6 and 8 by M. gypseum. (See Figure 67).
Colonisation of baits at pH 4 was extremely low; the
highest recording at tais value was 30% for degreased wool by

Me gypseum,

Carbon and nitrosen requirements of 3 keratinophilic fungi.
The medium containing no carbon source showed that the

amino acids used most readily by A. uncinatum were alanine,



Figure 66

Graph representine srowth of keratinophilic fungi on

solid media of different pH values
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phenylalanine and proline. This observation also applied to
- media supplied with lactose, sugar or starch as carbon source.
Using maltose, fructose and glucose as carbon Sources the results
were slightly different. Where maltose was supplied, NH4N03,
arginine, aspartic acid, methionine, phenylalanine and proline
were used to best advantage. Where fructose and glucose were
the carbon sources, arginine, asparagine, aspartic acid, proline,
phenylalanine, serine and urea were utilised most. Valine, glycine
and (NH4)2SO4 were also used well in conjunction with fructose.

The amino acids used least of all, whichever carbon source
was used, were leucine, hydroxyproline, cysteine, glutamic acid
and tryptophan. Methionine, (NH4)2504 and NHuNo3 were also
generally utilised very little, except in combination with
fructose or maltose.

A comparison of the growth on different carbon sources can
be seen in Figures 68, 71 and 72.

When no carbon source was supplied to C. keratinophilum,the

amino acids utilised best were cysteine, phenylalanine and
proline. The last 2 agreed with those producing best growth for
A. uncinatum. However, whereas cysteine promoted good growth in

Ce keratinoohilum, it did not in A. uncinatum and vice versa for

aspartic acid. The nitrogen sources used least by this fungus,

with all carbon sources,were (NHu)ZSOA, asparagine, hydroxyproline,
glutamic acid and methionine and also aspartic acid (except in

use with starch) and valine (except with glucose). This agreed
with the results for A. uncinatum, with the exception of valine,
aspartic acid and asparagine. In addition to cysteine, already
mentioned, C. keratinophilum used leucine, tryptophan and NH4N03

more than did A. uncinatum.
The results of nitrogen sources in combination with starch,
sucrose and lactose agreed well with those with no carbon source

with the exception that NHANO

3 was used well by 91 keratinophilum,



FIGURE 68

Histogram representing growth of A, uncinatum on different

carbon and nitrosen sources in ligquid culture.
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.FIGURE 68 (continued)

.Histogram representing growth of A. uncinatum on different

.Carbon and nitrogen sources in liquid medium .
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FIGURE 69-

Histograms representing growth of T. terrestre on different.

carbon and nitrogen sources in liquid mediume
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FIGURE 69 (continued)

Histograms representing srowth of T. terrestre on different

carbon and nitrogen sources in liguid medium.
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FIGURS 69 (continued)

Histogrems representing growth of T. terrestre on different

o

carbon and nitrogen sources in liquid mediume.
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FIGURE 70

Histograms representing growth of C. keratinophilum on different'
carbon and nitrogen sources in liquid medium,
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FIGURE 70 (continued)

istograms representin owth of C. keratinophilum on different

carbon and nitrogen sources in liquid medium..
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FIGURE 70 (continued)
Histograms representing growth of Ce keratinophilum on different

.carbon snd nitrogen sources in liquid medium,
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FIGURE 71

Histograms representing the owth of A, uncinatum, T. terrestre and

C. keratinophilum in liquid media with no additional carbon source.
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FIGURE 72

Histograms representing growth of A. uncinatum, T. terrestre and

Ce keratinophilum on different liquid control media.
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proline was not used in conjunciion with starch and lactose
and tryptophan was used well in combination with sucrose.
Maltose, glucose and fructose were the carbon sources which
induced maximum growthe. In addition to those nitrogen sources
already mentioned as being promoters of good growth,NHnNO3 and
arginine promoted good gzrowth in combination with these 3
carbohydrates, Leucine and urea, in combination with either
fructose or glucose, tryptophan plus fructose and valine and glucose
also promoted good growthe

Conparisons of the growth of C. keratinophilum on different

carbon and nitrogen sources can be seen in Figures 70, 71 and 72,

The nitrogen sources used most by T. terrestre, when no

carbon source was provided were cysteine and phenylalanine.

This means that T. terrestre resembled C. keratinophilum more

than Asuncinatum in its use of nitrogen sources for best growihe.
The niérogenous compounds not used well by'g. terrestre in any
combination of carbon source were hydroxyprbline, glutamic acid
and leucine, plus(ﬁHd&?Oq , asparagine and methionine (all
except with fructose) and tryptophan (except with sucrose).

I# addition to those nitrogen sources mentioned which
provided good growth with no carbon source, growth was also
good on starch and sucrose with N54N03 and arginine; on starch
with aspartic acidj sucrose and tryptophan. Lactose and proline
did not combine Well to support good growthe. o o

Besides those nitrogen sources utilised mostly when no
carbon source was presenty T. terrestre grew well with fructose
and glucose in combination with alanine, aspartic acid, glycine,
urea and valine. Using maltose, glucose and fructose, Te terrestre
also produced good growth with arginine, but good growth was not
seen with cysteine and maltose or glucose,

Comparisons of the growth of T. terrestre on different

carbon and nitrogen sources can be seen in Figures 69, 71 and 72
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TABLE 12

Mean g dry weight mycelium/100 ml medium containing different

carbon sources,

2; terrestre A. uncinatum Ce keratinophilum
Fructose 0.287 Fructose 0.136 Glucose 0.185
Glucose 0.195 Glucose 0.101 Fructose 0.161
Maltose 0,081 Maltose 0,085 Sucrose 0,078
Starch 0.080 Starch 0.081 Starch 0.073
Sucrose 0.078 Sucrose 0.061 Maltose 0.060
Lactose 0.046 Lactose 0.041 Lactose 0.055

No carbon 0,038 Mo carbon 0,031 No carbon 0.042

A. uncinatum and T. terrestre resembled each other in
the order of utilisation of carbon sources i.ee. using the

monosaccharides and maltose, followed by starch. Ce keratinophilum,

on the other hand, although using glucuse and fructose, did not

utilise maltose to the same extent as the 2 Trichophyton species.

C. keratinophilum also utilised glucose better than fructose,

whereas A, uncinatum and T. terrestre used fructose better.

All 3 fungi preferred NH#NO3 %o(NH4L§04L: with 1 exception,
which was A. uncinatum with fructose.

The controls showed that Sabouraud's liquid medium, which
contains peptone and glucose provided the combination which
promoted the most growth for A. uncinatum and was the only
control with high growth production for all 3 species.

C. keratinophilum grew better on combinations of proline or

rhenylalanine and fructose; phenylalanine, glycine or serine
and glucose, whilst T. terrestre grew better in a combination

of aspartic acid and fructose than in Sabouraud's liquid mediume.
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Table 13 shows the order of utilisation of the nitrogen

sources by T. terrestre, A. uncinatum and C. keratinophilum,

pH_changes in liouid media containing different carbon and

nitrogen sources, before and after growthe

Glutamic acid and aspartic acid always produced a low pH
value before growth of below 4 and there was only one exception
where glutamic acid medium was > pH 5 after harvesting nmycelium
of 14 days growth. Twelve media out of 21 possibilities,
containing aspartic acid had a pH value of > pH 5 after growth of
14 days.

Thirteen of 21 possibilities containing (NHL*)).SOZ*ZQ s had
media of pi <5 after growth, nine of 21 containing NH4N03 and
7 of 21 containing cysteine all showed this characteristic,.
Other combinations, with only a few exceptions, produced pH
values of > 5 after growth,

Quantitative comparisons between the > species are not
possibie since Ao uncinatum was grown in 500 ml Erlenmeyer flasks
whilst Te terrestre and C. keratinophilum were grown in 250 ml
flasks.

Effects of funricides on pgrowth of keratinophilic fungi,

a) liquid culture o
Arthroderma uncinatum was inhibited by all 6 fungicides

at 25 ppm and above. At 5 ppm, Triarimol had inhibited the growth
of this fungus to a gquarter of the control, Milcol to a third and
Gicloran by a half. At 10 ppm thiram and dicloran had both
inhibited growth to a third of the control.

HMicrosporum cookei was inhibited by 4 of the fungicides
at 25 ppm and higher concentrations. Only Milcol and thiram had
inhibited the growth of the fungus to more than a half of the
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control at 5 ppm. Triarimol had very little effect upon the
growth of M. cookei, while dicloran, although not as inhibitory
as the other 4 fungicides, had inhibited the growth of this
funzgus to half that of the control by 25 ppme There was
stimulation of M.cookei at 5 ppm by formaldehyde and captane

Chrysosvorium keratinophilum was inhibited by thiram and
Triarimol at 5 ppm and above and by Milcol at 10 ppm and above,
The other 3 fungicides only inhibited this fungus to half the
control at 100 ppm.

Trichophyton terrestre was inhibited by 4 fungicides at 50

ppm and above, The exceptions were Milcol and dicloran which
only inhibited growth to half the control at 100 ppm. Triarimol
had the greatest and soonest inhibitory effect upon T. terrestre
at 5 ppm and above. Thiram and captan were the fungicides which
inhibited growth to half the control at 25 ppm and above.
Microsporum gypseum was inhibited by 4 fungicides at 50 ppm
and above, At 10 ppm 3 of the 4 inhibited the growth to half that
of the control.and at 25 ppm all 4,plus dicloran,inhibited the

growth to & quarter of the control. Triarimol was the fungicide
with least effect. Even at 200 ppm M. gypseum had not been
inhibited to half the growth of the controle. This fungiecide had. -
a stimulatory effect at 5, 10, 25 and 50 ppm upon M. gypseum,
Figures 73 - 77 are graphs showing the effect of the 5
fungicides upon the 5 fungi in ligquid media.
b) solid media
Figures 73 = 82 are graphs showing the results of
growth of the 5 fungi on media containing fungicides.
All fungicides inhibited the growth of A. uncinatum
to half or less of that of the control at concentrations of 100
ppme Only dicloran, Milcol and Triarimol had any effect upon
inhibiting the growth of this funzus at concentrations as low as
10 ppm to half that of the control. A siazilar result was observed
for_?. keratinophilum but in this case captan and formaldehyde did §




Figures 73 = 77

Graphs representing growth of xeratinophilic fungi

in lijuid redia containing fungicides.
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Figure 77 Me gypseum
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Graphs representinz growth of xeratinozhilic funci

on 8011l media containing fungiciles
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not inhibit growth to half the control, even at 100 ppu.

There was an anomaly with dicloran at 50 ppm and only at a
concentration of 25 ppm was growth inhibited to half that of the
control. All but captan inhibited growth of T. terrestre by half
at 100 ppm. At 10 ppm and above, all but captan and thiram had
inhibited growth of this fungus to at least half that of the
control, although growth in media containing 50 ppm formaldehyde
was slightly stimulated, but not above that of the control.

Microsvorum cookei was inhibited to half the growth of the
control at 100 ppn by all the fungicides except Triarimol. Cnly
Milcol and dicloran had any effect at concentrations of as low as
5 ppm and 10 ppm respectively. Formaldehyde inhibited at 50 ppm,
whereas thiram and captan only toox effect at 100 ppm.

All 6 fungicides inhibited M. gypseum at 100 ppm to half
the growth of the control. Milcol had the most effect : growth
was inhibited at 5 ppm ; dicloran was inhibitory at 10 pon,
formaldehyde at 50 ppm and the other 3 at 100 pp.

Figures 83 = 112 are photographs of colonies of the 5 fungi

after 1% days growth on media containing fungicides.

Lffect of sea water on the growth of keratinophilic fungi.

a) isolations from 3 soils watered with different concentrations
of sea water,

Percentage colonisation by A. uncinatum on greasy wool
decreased with increasing concentrations of sea water on the
farm hedge and University soils, but increased on the farm field
s0ils. Isolations on degreased wool varied very little within
each sample site, but the University and farm field soils had
less percentage colonisation when watered with sea water than
with sterile distilled water. Lowest percentage coleonisation
was, with the exception of the farm field soils, on greasy wool

watered with sea water,
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Growth of keratinophilic fungi on media cantaining

different concentrations of fungicides.
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Growth cf keratinophilic fungl on sedia containing
different conce~ntrations of fungicides,
b) C. keratinophilum
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Growth of kerstinophilic fungl on m~dia containing
different conc