VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

! FUNGT AND ANIMALS:

DERIMATOMYCOSIS IN ANIMALS AND MAN

by

JAMIS GILDEA O'SULLIVAW,

Submitted to the University of Glasgow
as o thesis for the degrec of FPhe Dey

1962,



ProQuest Number: 10644270

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uesL

ProQuest 10644270

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



CONTENTS

Introduction and Review of the Literature one

_ PART I
A SURVEY OF ANIMAL DERMATOMYCOSIS IN SCOTLAND,.
Laboratoyry methods +ee sne ton sen van
General Results vee  was  e¥s  ssyw “oe
(1) Infeotions of Cattle se  wes  oes  ous
(2) " " Horses e "o eon cue
(3) " NoDOES  ees Sae  sew  wne
(4) " " Cats  eee  ees ke ena
(5) o ®  other HOSES eas  wee  ova

Disecussion of, and Conclusions from, the Survey

PART IX

A CORRELATION OF HUMAN AND ANIMAL
DERMATOMYCOSIS IN SCOTLAUD,

Review of the Literature wes new aee PR

Infsction due to T, VEerruCOSUNM wes san cow

i vowoq, mentegrophytes wee one
" mon M, conds e ees ven  ses

" non other Dermatophytes aes “eo
Suamary snd Conclusions  ewe ras aen e

PART ITI

TREATHENT OF DERMATOMYCOSIS IN ANIMALS.
Introduction eee ‘oo cen se see ese
Treatment, with Griseofulvin, ofi

[ 2 2 J

LR ]

LE N ]

LER

"o e

LR R )

LE B

LA B2

see

LR N J

e

LA R

LR N J

LN J

LE R J

L R ]

(1) Experimental T, verrucosum infection in Cattle

(2) Spontaneous " 1" noow
(3) Ringworm in small ANANGLS eee  wnw *re
Discugsion on Treatment s see vee e

GINERAL SUMIARY tow "ee e voe vea
ACKHOWLEDGEMINTS een PP axe ser wee
REFERENORS s enn ses “on soe ava

"o

*on

LA R ]

LE R

PAGE

o W

14
25
37
56

12

19
81
84
86
87
89

91

94
104
107
110

115
119
120



1.

GENERAL INTRODUCTION AND REVIEW OF THE LITERATURE.

Dermatomycosis which is algo referred to as dermato-
phytosls or ringworm is & diseage of the gkin and its
appendages (hair, claws, nails.and feathers) caused by & group
of mycelial fungl celled dermatophytes which are able to
invade keratinised tissues. The deimatophytes affecting
animals were first named about the turn of the century
(MSgnin 1881, Bodin 1896, Sabouraud, Suis & Suffran 1908,
Zollikofer & Wenner 1908, chardgas 1910). The few references
in British literature were primarily concerned with the
diseage in man and a scarcity of information on the veterinaxry
agspect of the disease in Britain obtalned until about 10 years
agos Ainsworth (1949) in his review of the fungi pathogenic
for man and enimals in Britein covered the period from the
late 19th century until 1947. In 1951 Riddell noted that a
survey of animal dermatOphyte infections had never been made
in Britain and Ainsworth (1954) saeid "Although ribgworm is
such & familiasr and wellwestzblished condition, there are
surpiisingiy few gsatigfactory published records of rihgworm
fungi from animaels in this country," That this was not
confined to Britain can be seen from the statement of Georg
(1954) that "The literature presents little information as to

the prevalence of ringworm infections in animals or of the
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poloative prevalence of the various fungus gpecies in animal
ringworn infoctions in the United Htotes," During the period
1952 w» 19594, o survey of the fungl sosocduted with discoce in
domesticnted tnimels in Bridoin was sponsored Ly the Agricult-
ursl hosespeh Council ond in & subsequent report Aincworth &
Aagtuiok (19558) racoxded o liot of pathogenic funsi, including
dernotophyten, togothor with their incidence in the vorious
animal hoste. Lo Pouche, (1952, 1953, 1955) provided voluable
information on the incldenco of Miexooporun conds infection in
dogo ond catg in Torkchirve vhile lortiner (1958) studied ringw
worm in ondtle in the ocuuntoxn port of nglonds In 19495 oloo,
Dlenlk: comprohonsively reviewed the world incidence of human
ond animtl demstomycosics In the tnited Htates of Americe
Honges & Geoxg (1956, 1957) conducted surveys of eninal ringe
worn thed included cooes in wild as well g captive animels.
Helhorson (1957a) voported on the incidence of ringworm of
codtle in Scotlond ond the northorn countico nf Inglend.
Thug, from 1992 onwaerxde intercot in animel ringworm greow
osboadily both in this counivy end in ¥ho United Stotes.

In 1950 o diogmostic sarvicaAﬁertaining 2o the exumine
ation of stnples of skin ond of hair from casen of eusnpectod
ringworn of onimals was begun by me in the Univorsity of
Glangow Veterintry SBohool snd the firot pord of the thesio iop

o conpideration of the resulits of themo data. Following the
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concern of the Medica)l Mycology Committee of the Medical
Regearch Council in the possible animal resexvoirs for some
types of humen ringworm, an investigation to correlate human
and animal ringworm in the west of Scotland was started in
19543 this forms the second part of the work. The third part
is concerned with the uge of griseofulvin in the treatmont of
ringwoim in animals.

Tthe various parts of the work could not have been accome
plished without the help of many people, In Parts I and IX
the animal material was submltted by numerous veterinsary
surgeons and for the correlation of human end animal ringworm
the co~operation of medioal demmatologists and mycologlists was
necesserys Correlation of human and animel ceses was achieved
by Joint collaboration with Dr. Ju C. Gentles, medical
mycologisat of this University but I was solely responsible for
the laboratory investigation of all specimens of animal origin.
The interpretation of the laborstory results snd of the epi-
zootiological deta is mine, In Parts I and IIX, I had the co~
operation of MNrs I+ M. Lauder of the Glasgow University
Veterinary School who was mainly responsible foxr interpreting
the clinical aspects of the diseases. The mycological and
histopathological descriptions are mine and I was solely

responsible for the therapeutic experiment in cats. The work
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was carried out in the Department of Veterinery Pathology
and in the Veterinary Hospital of the Glasgow University
Veterinary School.m

Altﬁbﬁgh semples of hair and of skin scrapings were
submitted from many parts of Britain 3he overwhelming
najority of épecimens came from Scotlavwd and in the first

part of the thesis it 1s proposed to deal only with those.



He

PART T,

A SURVEY OF ANIMAL DERMATONYCOSIS IN SCOTLAND.
LABORATORY METHODS,

Specimens of hair and of skin scrapings from animals
sugpected of ringworm were mouhted in 40 per cent. agneous
" potassium hydroxide and kept in & moist chamber for 1 ~ 2
hours. The concentration of potassium hydroxide usually
recomnended is 20 per cent. but in the case of animel meterisl,
much of which consisted of thick scab the stronger solution
was found to pive better resultss. The molst chamber consisted
of & glasgs dish 25 x 15 x 5 mm. deep, provided with & perspex
top end accommodated 12 glass slides., 8ix glass rods, placed
in peire in the bottom of the dish and covered by & piesce of
muslin, supported the glass slides. It is often recommended
that potassium hydroxide prebarations be submitted to gentle
heat but it was found difficult to heat scabbed material
sufficiently to clear it without causing undue fragmentation
of the hairsy the dlsintegrated haire, each surrounded by &
sheath of arthrospores, rendered diagnosls diffioult. In
addition, the heating process led to crystallisation of the
potassium hydroxide. Placing the hydroxide mount in & molst

chomber allowed clearing of the skin debris and haire, with

minimal disintegration of the hairs, Gentle pressure on the



coverslip produced a flat field for microscopical exanination.

Staining by the periodic acld-Schiff method and by the
modified Gram technique of Lewls (1950) was carried out for
some time in addition to the method of clearing in caustio
potagh with results that egreed with those of Gentles & Dawson
(1956), namely that staining did not yield eny increase in the
number of positive vages. The specimens, with the exception
of those from cattle, were also examined for fluorescence by
meens of Wood's light in & darkened room.

During the first 4 years of the work the apecimens were

. eultured on Sabouraud's dextrose~ager 0f the following formulas

Peptone 10 grommes
Doxtroae il AL
Agay 15

Dietilled water 1000 ml,
Since material from animals is often very heavily contaminated
by bacteria ond saprophytic fungi, it was later deocided to use
the nutrient agar, incorporating penicillin and gtreptomycin,
which was recommended by Austwick (1954) end whioh has the
following compositions

Beef extroct (Lab, Lemco) 10 grammes

Peptone 10 »

Sodium chloride b =

Agar 15 @

Distilled watex 1000 ml.

Penicillin 20 units per mle of medium
Streptonycin 4 n noon o "

(The antibiotics, dissolved in sterile wator, were
added to the medium prior to pouring.)
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Thet medium was very effective in oupprescing bacterizal growth
but 4t hed no efféa% on tho growth of scprophytic fungl vhioch,
in the euse of bovine semplos wes found to ocour more auickly
then thot of Erichophyton verrucosume The eddition of anothor
antibiotio, eyalahemm&e* 2t Qa5 mge por ml. had boen shown by
Goorg (1953) to be offective in inhdbiting the growth of saproe
phytic fungle Mstvick's nedium wos employed for about 6
monthe until cyc:lah@xmi‘de beoame avadleble in this country
vhen tho seleotive medium of Georz woo ymfemm-fér PUIHOCes
of ecul %ivis:i-&:mw iuring the remoindor of the work.

Thoe proximal few tmg. of hudre, or o snell piece of soebhbed
moteriel which uouolly contsined smnll halr slubs, were umed
oo inoculas I, under Wood's light, heirs wore found with the
yellowish-green coloux indicative of infection by Iiexosporum
gonig or U, eguinum, the fluoreseing peris were used fox
iuacuia%ien; Thrao agor slopoes were propéxed from etch specimen,
using 4 inoculs per tube, and cultures were incubsted at
26° ¢t fox 3 weeks bofore they were discorded 1f they proved
nogativo, Loetophenol wie used for routine microscople oxamine
ation of oultures.

Fatoriel for the histopothologicol ntudy of lesions wos

* YActidione's UpJobn & Co. Dbde, Kelamorzoo,
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procured by means of & scalpel in the case of cattle but

for cats the apporatus deseribed by Evans, Nisbet & Ross
(1957) was useds This apparatus is a hollow bit, with an
ingide dismeter of 5 mms., gperatad by an electric drill
turning st 2000 repems The biopsied material was fixed in
formol saline or in picro~formol; +the sections of skin were.
stalned by haematoxylin & eosiny by periodio acid~Schiff,

by toluidine blue, by Van Giesen as well as by the method

of Gordon & Sweet.

GENERAL RESULG®S,.

Specimens from 728 animels wers examined and the
presence of & dematophyte was confimed both by microscopy
and culture in 252 (34«6 per cent.) cases, by oculturs alone
in 32 (4;4(per cente. ) instances and only by microscopy on
60 (8,2 pexr centy) occasionss The numbers, the types of
hoats end the data on results of laboratory examinations

are given in Table I (p&ge 9 e
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OF SPROINENG FROM VARTOUS ANIMAL HORTS SUSPHOTED OF RINGWORN.

| TABLE le
RESULDS OF LABORATORY BRAUINATION

{ Figureo in brockete denote percontages. )

Culte +

oot |Vos of %‘-.‘Eicaxb.ﬂ!- Potel .mcmd- Total
spinels | Culte + | only oult. + only poritive
Gatile| 283 H1837(64T) | 5 (1a7) 108 {65;4) 457(15.9) 233 (82.3)
torce | 98 | 20 (20u4) | 4 (4e2) | 24 (245) | 3 (3.2)] 27 (2146)
sog | 22 | 21 (9.5) (13 (5e9) |34 (25.8) [ T (3.2)| 41 (18.6)
Ged 205 | 27 (25.7) | 8 (76) | 35 (3363) | 4 (3.8)| 39 (37.1)
souse | 6 | 1 (16.T) |0 1 (16.7)] 0 1 (16.7)
it | 12 | 0 2 (16.7)] 2 (6|0 2 Gen)
Goot | 3 | O o |0 1 (3343)| 1 (33.3)
Totalo| 120|252 (34.6) |32 (404) 04 (39.0) |60 (8.2) |344 (4T.2)

Table 1 woveals that laboratory covroboration of

suspectad dermatomycosic wos obteined in 344 (47+2 per conte)

gapes over the wholo gexiesy but thet such confimation voerded

widely whero the apecies of animel is concerned.

wag ostubliched mont often in cuttle (823 per cent.),

Hlagnoois

probobly becouse the condition io not often confused with

other cutaneous ashnoxmelition ond the lesions are conspiouous

end easily recognisable.

Apsdn, the submitted ringworm soeb

usuelly contained many cffeotod halrs which wera readily
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visible in macerated specimens and gince parts of these halrs
together with thelr cheath of arthrospores were used fox
inoculation of culture media, growth of a dermatophyte was
obtained in a high proportion of cases (188, 66.4 per cents ).
In respect of the horse, dog end cat, differentisl diagnosis
\ia more difficult end clinical lesions are less easily identi-
fiable thon are those of cattle. For those 3 hosts the perw-
centages of positive laboratory results were:t horse 27.6,
dog 1846 and cat 37«1, Five specimens from cattle, 4 from
horses, 13 from dogs, 8 from cats and 2 from chinchillas
produced positive cultures although they were negative on
micrOSoopiéal exemination.

Specimens were also received from a number of othex
species vig.t monkey, donkey, pig, hare, squirrel, rat, otier,

~ budgerigar and hen but all gave negative results.

NOMENCLATURE AND SYNONOMY OF ANIMAL DERMATOPHYTES.

There have been numerous classifications of the dermato-
phytes baged on criterie which have included the clinical
gigns of the agsociated disease, . the form of the fungus in the

hair and the morphology of the dermatophytes when grown on
culture. Mainly on clinical grounds, Ssboursud (1910)

recognised 4 genera of dermaiophytes viz.s MNicrosporum
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Trichophyton, Achorion and Epidermophyton but as a result of a

special study of macroconidisl morphology, Emmons (1934)

suggested that the genus Achorion should be discarded and that

the attached species be distributed between Microsporum and

Trichophyton,
and Amnericeay

Such & clessification is still used in Britain

Synonyms of the dermatophytes about fo be

discussed are given in the Mhdipal Research Council Memorandum

(1958) and by Aineworth & Austwick (1959).

Egpecially in

their relation to references in earlier literature, those

relevant to the present study are as followss

CURRENT NAUE,

Trichophyton verrucosun Bodin
"ty % | *
ver. discoides (Bab.) Geoxg

T, verrucogum Bodin

0, mentagrophytes {Robin)
Blanchaxrd

T quinckesnum (Zopf)
Macheod & Muende

T. violaceum Bodin

7, gallinee (Mégnin)
Silva & Herhanm

Ta gallinae:

Microsporun cznisg Bodin

M gypseum (Bodin)
Guiart & Grigoxrakl

-

SYNONYME.

T, discoides Sabouraud

Px faviforme Auct.
Ts gronulosum Sabouraud

Achorion aquinckeanum (Zopf)
Blanchard |

Ae violaceum Dloch
A. gallinee (Megnin) Sab.

M. @gallinse Grigorski

. M. felineum Newborn

M. lanosum Saboursud

A gypgeum Bodin

The only variety of T. verrucosum isolated during the

reriod coverad by this thesis.
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Demmatophytes woere isolated from 284 aninals end the
digtribution of the various fungi is chown in Pable 2 which
indicates that 8 species of demmatophyte were isolated from
6 hostsy the distribution of the fungl wasg ag follows:

. verrucogum from cattle, horvse end dog,

M, canig from dog and cat,

To _mentagropbytes {from calf, horse, dog,; cat, mouse and
chinchilla,

=

« equinum Gedoelst from the horse,

Me equinum (Delacroix & Bodin) Guéguen from the horse,

T _quinckeonum from dog and cet,

e, gypseum from & dog,

T, _rubrum (Castellani) Ota, from the dog.

Unidentified species of Qxichophyton were recovered from the
horse, dog and cat.

thus 4 dermatophytes (L. egquinum, M equinuwa, M. gypseum
and T, rubrum) were each found on only one host, and T. ment
agrophytes had the widest howt range, having been recovered
from all 6 hosts which yleldad dematopbytess All the

isolates of T, mentagrophytes wexe of the granulax type whioh

is acveptod as the zoophilic variety of the dermatophyte
(Kaplan, Georg & Ajello 1958).
Demmatomycosis in individual animal hosts will now be

considered in detail.
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(1) INPECTIONS OF CATTLE,

MYCOLOGICAL ASPECTS.

Specinens were examined from 283 cattle on 194 premises
and 253 (82,3 per cents) animels weve positive (Table 1, page
"é‘)s 183 (647 per cent.) were positive by microscopical and
cultural meens end 5 (L.7 pex cents) by culture alone,
Gonerally when a fungus was visible on the hair it grew in
artificizl media but 45 (1549 per oents) specimens positive on
microscopicel exemination failed to develop under laboratory
conditions. Tifty (17.7 per cents) ctises were negative both
culturelly and microscopiowlly, & wgeemingly high proportion of
such vosults until it is edded that some specimens were taken
at & late stage of the disease when lesions had practically
heosleds

Dermatophytes inolated.

From 188 culturally positive specimens only 2 species of

dernatophytes were recoveredy Ts verrucosum on 187 occasions

and T. mentagrophytes onces Phe occurrence of T. mentagrophytes

in a calf has bsen reporied by Gentles & O'Sulliven (195Ta).

CLINTICAL ABPECTSH«

(A) Age ineidence.

McPherson (195Te) has said that “Age appears to have a
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marked effoct on the incidence (of bovine ringworm), calves
under 10 mcntﬁs being more susceptible than mature csttle.”

In this survey of 224 ocases, an indlcated by Table 3, the
incidence of dlsease wus found to be highest (6641 per cent,)
during the first year of life and wos 8646 per cent. for the
reriod from birth io the age of 2 years. Informatlon regarding
995 clinically effected snimals in contact with proved casea#

of ringworm further supported #he above findinge.

TABLE 3.
AGE INCIDENCE IN 224 COERFIRMED CASES OF BOVINE RINGWORM
Age Nos uffected Incidence
3 - fémeﬁﬁ s lgél '198 (6641 pexr cents) in
: ) Tirst year of 1ife
m u _ ‘
%3 - ég u gg 46 (2045 per centa) in
' gsecond yeay of life
+ 2 years 30 (2344 por cent.) after

gecond year

(B) Beasonel incidences

TDovine mingworm is popularly helg to be & diseare of
housed animels, which tends o prevaii during the winter
monthg and 4o disappear in consequence of improved nutrition
snd the effect of sunlight when the caittle are put out to

gross in the springtime. Ainsworth & Austwick (1955a) en



16,

admittedly limited data, did not recognise eny seasonal
incidence. Contrary to general belief, MePherson (1957a)
reported that "Ihe changes in overall incidence with the
season &re not siatistically significant the percentage of
infeotion showing no trend to a decressed inocidence in the
epring and summer months. In infected herds only, there isg &
gignificant association between season and degree of infection
which appears to be due to the relatively high incidence in
the April to August period.®

Table 4 gives the incidence, measured by monthly totals
of epecimens, among the animels of this sexies, most of which

happen to have come from infected herds.

TABLE 4.

MONTHLY TOTALS OF 233 PROVED CABES OF BOVINE RINGWORK

Nove D§b¢i13an. Feb.| Mam, | Apl. Totals
17| 4| s1 | 32| 28| 6 173 (74+2 pex
_ conts )

May | June | July | Auge| Heps| Oot.

20 11 8 5 9 ) 60 (2548 per
. cent, )

It will be noted that of the 233 confiwmed cases, 173 (74.2
per cent,) were encountered during the period, November to
April, compared with 60 (25.8 per cents) in the months May to
October inclusive. The disesge was still present at the end of

the summer months so thet souwe cattle returned to the farm
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bulldings after the summer grazing, with lesions of dermatow

mycosis on them. Wealker (1955) mecoversd T, verrucosum from

& rubbingwpost recently used by infected catitle and McPherson
(1957b) showed thét the arthrospores of the suame deimetophyte
gurvived in skin scrapings which had been stored at xoom
temperature for 4% years se there seems to be little doubt

that bulldings occupied by infected cattle may remain contamine
ated for years. Thus, cascs of dewmatomycosis may not only be
carried over from cne geason to the next by infected aninmals

but may originate also from contominated premises.

(C) The Lesiong in Bovine Ringmorm,

(&) iocction.

The distribution of leslons on & mumber of proved cases
of wingworm igs shown in Table %, from whioch ii cén be seen
that a total of 355 sites was affected on 195 oatile, many of

the aninmals having lesions on more then one part of the body.

TABLE 5,
LOCATION OF THE LESIONS OF RINGWORY IN 195 CATTLE.
( Pigures in brackets denote percentages. )

Hings Total XNo,
quarters of lemions

153 (7845) (66 (5649)|80 (69)|52 (44.8)|4 (3.4)| 355

Head Neck Prunk Limbg

Host fregquently of all the head was affected, 153 (78,5 per
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cent,) of the animale having losions there alons or in
conjuncition with changes elsswhere. The neck was involved in
66 {5649 per cent.) snimals, the trurk in 80 (69 per cent,)
and the hindquertors, including the xump, *teilhead, tail and
perineun in §2 (448 per cent.) ceses. The legs were infre-
quently implicated and indeod only 4 (344 per cent.) cases
were dlagnosed. In an outbreak imnvolving 63 animals, Ford
(1956) found that the neck was most frequently affected. In
116 enimals, in which dotailed information was available
regaxrding the distribution of lesions on the head the
locations were: ayes G0 (51.7 per cents), sars 39 (33.6 per
cont. ), foce 27 (2343 per cont.), nose 8 (6.9 per cent.) and
poll 4 (3.4 per cent.)s The lips were not affected in eny of
the casem. Ford (1956) reported that lesions occurred in
‘about equel numberg around the eyes, on the choeks and the
fage, and on the ears. In the animals of this series the syes
were affected nearly twice as frequently as were the ears or
the face.

(b) Olinicsl appearance.

The incubation period of ringwopa in cadtle is 2 = 3
waooke although mioroscoplcal evidence of fungal infection may
be present within a week (Lauder & O'Sullivan 1958). The

vagy early lesion, which may be ouglly missed because of the



Fig*.

Fig.

2.

T. verrucosum infection on the head of a calf.
Asbestos-like scabs around eyes, bases of ears

and on the face.

T. verrucosum infection on the body of a calf.

Some thickly crusted lesions have become confluent
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overlying hair, is & papule which slowly increases in size.
Inflommatory exudation ceuses the proximal parts of the hairp~ -
ghofts to coalesce. Muny hairs fall out but come may breek off
and the heir stubs persist in the grey or yellowish-brown
pleque which is fimmly adherent to the undexlying skin,
Coalescence of adjoining leslons often ocours w@ereby in badly
affected aninals, little of the normal skin is §o be found
over large areag of the body., The mature ringwbxm sceb has

a dry asbestoswlike appearance (Figs. 1 & 2) and, if it is
geraped off there is exposed & raw bleeding surface on which

a frogh scab quickly formse UVhen infection of the hair follicles
is supprossed whother ag a yesult of sponteneous recovery or
in consequence of offective therapeutic measures, the scabs
become loosened and fall off to leave healthy gkin behind.

{c) Higtopathological data.

The oﬁportuniﬁy to study the histopathology of the
condition arose durinﬁhthe course of artificially induced
infections of calves by T. verrucosum. Although that work is
fully deseribed in Port III of the thesis, the mycclogleal
agpects may appropriately be congldered at this stage.

Infection begine on the surface of the ckin when fungsal
hyphoe penetrate the superficial layers of.the gtratum corneunm

and grow downwards into the hair follicle (Fig, 3)e Within



Fig. 3* Hyphae of T. verrucosum present in stratum corneum
and growing downwards into a hair-follicle.
Stained P. A. S. x 660.

Fig. 4* V. S. hair affected with T. verrucosum. Arthro-
spores outside the hair-shaft; hyphae in cortex
show arthrospore formation. P. A. S. X 880.
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the follicle, proliferation of the hyphse proceeds not only in
the cornified layers of the root-sheath but also in the space
around the hairwghaft, The fungus then penetrates bebween the
over~lapping celles of the cuticle of the haix to enter the
hair cortex (Fige 4) and extend as far as the keratogenous
wone. There, the hyphae stop short and appear as finger-like
processes which were first desoribed by Adamson (1895) and
pince have been called Adamson's fringe. Outside ag well ag
within the hair, the hyphae divide transversely to form arthro-
gpores and when the ectothrix arripgement of large arthro-
spores 1s seen microscopliocally in proparations of macerated
bovine material, it is indicative of infection by T. verru-

CO BN«
DIFFERENTIAL DIAGNOSIS IN CATTLE.

The thick grey scab of a mature ringworm lesion:is not
generally to be confused with any other abnormality of the
skine. Sometimes however, the cutaneous lesions of mucosal
disease, of hyperkeratosis (X disesse) and of sarcoptic mange
have to be so differentiated. Again, the early lesions of
sngleberries may simulate the developing ringworm lesion.
Leboratory examination of & skine-scraping is necessary to

determine whether or not the condition is dermatomycosis,
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DISCUSSION OF BOVINE DERMATOMYCOSIS.

Ringworm in cattle is wldespread throughout Scotland; to
the list of counties in which infedted beasts were found by
MoFherson (1957a) may be added Ayr, Clackmennan, Dunbarton,
Lenark, Renfrews Ross aﬁ& Stirling.

Although most stock~owners congider the condition to be of
1ittle importancég ringworm is not without adve¥se effects and
deathe have been occasionally attributed to it. Foonomic loos
occurs whon affected animals are pub up for ssle and cattle
for export may not leave the counitry while they have ringworm
lesions: Furthemmore, infection may be transferred from
cattle ta the horse, dog and also to mans I% has been shown
(Gentles & OVSullivan 1957b) that infected cattle constitute
the main reservoir for animal~type ringworm lesions of human
beings in the west of Scotlands The public health aspect of
cattle ringworm is therefore important, especially in rural
apesnss

Since the laboratory confimmation of the disease was high
(8243 per cent: - of 283\animalabit would seen thét the
olinicel diagnosis of the condition is satisfactory, particul-
arly when the mature seab 1s present. However; &t an early
stage of the disease it may be difficult to decide whether the

cauge i® fungal or not. Diecgnosis by microscopy is a simple
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matter because the affected halr-stubs within the scabsg are
surrounded by a thick sheath of large arthrospores, measuring

5~ 8 po Since bovine ringworm is so rarely coused by o
v

demmatophyte other than T. ve;&cosum, it may be presumed

that the largewspored ectothrix fungus seen in bovine nmaterial

does in fact belong to T, vercucosum. By means of a culture

medium containing antibiotlcs, the final identification of the
demmatophyte is also relatively simple. In this series of
casesr, attempis to culitivate the fungus were unsuccessful in
45 (159 per cent.) instances which were positive microscopic-
elly. Fifteen of those cases occurred before the sgelective
medium of Georg (1953) became available and the cultures were
overgrown by seprophytic fungi. A further 25 specimens came
from animalg with a history of recent treatment with a fungi-
cidel dressing. It is of interest fto note that inasmuch ag §
(1.7 per cent.) cases yielded a dexmatophyte from materisl
that wae negative on microscoplcel examination, minimal
infections are likely to escape deotection unless multiple
inocula arxe employed in each instance,

Out of 188 cases confirmed by culture, T. Verrucosum was

recovered in all but one which yielded T. mentagrophytes. The
gignificance of that finding is discussed in Part II of the

thesis.
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There is little doubt that young cattle are more frequent-
1y affected than older oneg and indeed, 86 per cent. of the
infeotions recordéd in this work ocourred in animalg under 2
years of age, However, ringworm mey affect adult animalsg, the
probable explanation being that they escaped infection at an
early stage of life.

There isg disagreement or whether the condition is seasonal
or note Sellera, Sinclair & La Touche (19%6) say that the
lesionsg of ringworm commonly dissppear during the spring and
summer months, perhaps coincidentally with the natural course
of the diseage but they quote Blakemore, Ottoway, Sellers,
BEden & Moore (1950) who remerked that calves on an adequate
supply of vitamin A did not develop eas widespread leslons a&s
aid etock deficient in that occessory factors MNePherson
(1957b) claims that the ultra-violet light aveilable during
the average Scottish summer is insufficient to penetrate the
mature scab from a lesion of bovine ringworm. My figures
indicate that the casewincidence is lower during the period
June to Octobex.

The disease persists mainly through transmission of the
infective agent from animal to animadl ond also by the transfer
of viable fungal elements from the contaminated woodwork in

cattle-houses and from rubbing~places such as railings, gates
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and trees. Since the vigorous use of sush soratching-places
mey cause trauma of the skin, the simultaneous inocculation of
a dexmotophyte would then create the conditions necessary for
the ppread of infection. Thus, animele msy beocoms infected
while indoors ox» when they are at grass and the higher
incidence of cases encountersed during the winter months is
explicable by the greater opportunity for contact with sources
of contamination,

P, verrucosum is an obligatory parasite of cattlo. The

few ocoges of infection of other asnimals are usually traceable
to & bovine sources similarly, human infection depends on &
cattle reservoir because trangfer from human to human is of
ghort durations There is 1little, if any, evidence that the
fungus nmay exlist in goil ox in other natural substrate so that
humen infections might ceage to exist were the animal reservoiy
to be eliminated. Thus, & determined effort ought to be made

to eradicate T. vVerrucosum infeotion of cattle.
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(2) INFECTIONS OF HORSES,

Ringworm in horses has been known since the end of the
last century (Bodin 1896, Matruchot & Dassonville 1898) and
the reported causative dermatophytes together with some of the
more important references, are as follows:

Trichophyton equinum (MacKinnon 1936, Ainsworth & Austwick
1955a, Georg, Kaplan & Camp 1957a),

T, mentegrophytes (Brocg-Rousseaun 1926),

T, verrucosum (Baudet 1932, BrocqeRousseaw, Urbain & Barotte
1927, Jilleon & Buckley 1951),

T, bullosum (Lebasque 1934),

Yierogporum eguinum (Bodin 1896, Neefs & Gillain 1931),

M. cenis (Georg, Roberts, Menges & Kaplan 1957b),
M, gypseum (Ajello 1953, Thorold 1953).

T, bullosum, reporied from a horse by Lebasque in 1934,

has so fer not been recorded again so that the author may have
been dealing with one of the commoner dermatophytes and
certainly hip description of the fungus was not at all clear.
The American mycologists, George et slsy (1957a), do not

recognise ll. equinum as 8 separate species and consider it as

e synonym of . canise Their records of M. canis in horses

may therefore refer to M. egquinum.
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MYCOLOGICAL ABPECTS,

There were 27 (27.6 per cent.) positive cases in the 98
animaels examined (Table 6); 20 (2044 per cent.) were positive
both microscopicelly and culturally, 4 (4.1 per cent.,) were
positive only on culture and 3 (3.1 por cents) proved only

migoroscopically positivee

TABLE 6,

RESULTS OF LABORATORY INVESTIGATION
OF 98 CASES OF SUSPECTED BEQUINE RINGIVORM.

( Figures in brackets denote percentagess )

Culture pos.|Culture nég‘ Totels
| Micro. pose| 20 (20.4) 3 (3.1) 23 (2345)

Micro. negs| 4 (401) | 71 (7244) [75 (7645)
: Totals 24 (2445) 74 (75+5) |98

Dexmatophytes isolated.

Although there were 24 animals from which dermatophytes
were recovered, one animal was affected simultaneously by 2

fungi (T._equipum and M. equinum)e In pespect of the 25

dermatophyten isolated, ithe following frequency wasg noteds

Te equinum 14 (56 per cents), M. equinum 6 (24 per cent.),

T verrucosum 3 (12 per cent.), T. mentogrophytes 1 (4 pex

cent, ) and Trichophyton sps 1 (4 per cent.),



Fig. 5% Equine ringworm (T. equinum). Areas of alopecia
in the saddle-region.

-
'STATI

V'S

Fig. 6. Equine ringworm (T. equinum). Irregularly
shaped lesions on left shoulder.
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Thus P equinum was the dermatopbyte most frequently

recovered from horgess It was isolated from T horses in a
Scotiigh Hunt and algo from & riding establishment where there
were 30 ﬁbuies. Sixteen of the pomies had lesions that clinicw
ally resembled ringworm and; although 3 wexre positive by micro-

scopical meanss T, equinum was isolated from only one of them,

Next in frequency as a cause of ringworm was M. equinum which

was isolated on 6 (24 per cent,) occasions. A single case of

infection by I. mentagrophytes wae encountered in & hunter.
CLINICAL ASPECTS.

(4) Sex incidouce.

There were 13 maloeg and 7 females in a sexries of 20
horses for which infomation regarding their sex wag available,
but it is not possible to say whether one sex is more
sugceptible fhan tho other, since the number of animels at
rigk remains unknown.

(B) age incidences

The age of 14 animels was given and the incidence was as

followss 0 =~ 6 months 1 animal
T months « 3 years 2 animals
+ 3 years 11 animalg

Thus 11 of the 14 animals (78.6 per cent.) were over 3 years

old and the averege of their ages was 8% years.
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(¢) Seasonal Incidence.

The monthly totals of specimens from the 27 cases of ring-
worm in the horse are shown in Table T. HMore cases were one
countered during the 6 months from Wovember to April inclusive
in which there were 20 (T4.1 per ceni,), than from Hay until

October whon there were T (25,9 per cent,).

TABLE T
HONTHLY TOPALS OF 27 PROVED CASEHS OF EQUINT RINGWORM,
Nove| Decs| Jane | Febs | Mars | Apls Totals
1 6 5 5 1 2 20 (T4+1 per
, cent. )
May | June| July | Auge | Seps | Octe
1 2 0 1 2 1 7 (25.9 per
| cont, )

N

(D) Lhe Legions in Hquine Ringworm,

(2) Locatiou,.

In zregpect of 19 horses most of which presented more than
one leslon the distpidution of the culaneoug changes wass
trunk 13 (6844, per cent.), neck 11 (57.9 per cent.), hing-
quarters 8 (42+1 por cent.), head 6 (31.6 per cent.,) and limbs
6 (31.6 per cent.)s The majority of the laomions was thus
located on the frunk and necki the region of the head was not
so frequently affected 8s 1t was in caittle. Lesions occurred

- more often on the hindquarters than on the head of the horse



Fig. 7- T. equinum ringworm on neck of horse. The early
lesions appear as raised areas.

Fig. 8. Ringworm of the horse (T. equinum). Trunk and
hindquarters showing many discrete, tufted lesions.
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and the legs wore morve frequently invelved then in catdie, OF
11 hermes in which detodled infermation regaxding the dishribe
utinnuaf body lecions wae avallebla, dn 8 (72.7 poer vont.) the
soddle rogion weg affected (Figs B)y in 4 {3644 por cont.) it
wig the reglon of the gizth, in 3 (27.3 per cont.) the flank
wap effectod ond in & (28.2 por cont.) the lecions ocourrcd on
the shoulders (Fig 6).

(h) Clinicel appesrances.

Thexs wan not ony differongd in btho appoorsncen of the

loplona produced by L. gouinum, M. egquinum o 9. mentagrophytos.

They bogen ag cirenlop arcas, 0.5 ome In diemcier, whioh were
slightly rulsed above he lévml of the purrounding nkin

(PFige T) ond whioh at firet wome detookable only by palpation
theongh the animul's coatbe agtar 3 weoky the lesions developed
into tuftsm which wors easlly visible (Figs 8) copecially vhen
they wore viewad againast tho gmdn of the hale.  Reuoval of
the tufte left bald, civculon patohes coch meamuxing 1 - 3
omge 4u diamober (Fige 9)s Phe loslons did oot tond to
coalescs and in a badly affected animul thae coat presentod o
noth-paten appeoronce. Ggotsionslly, crusted logions wors
progent and somedtimes steds vore seen tbtached to tho halre
{rige 10) 2% some 1ittle distance from the sltin surfneo.

One of thoe easos inveptigated was & mized infscbion of



Fig. 9* Ringworm of the horse (T. equinum). A tuft
partially removed to show bare area of skin.

Fig. 10. Ringworm of the horse (T. enuinum). Hairs parted
to show new hair-growth. Separated scab with
adherent hairs may be seen in upper part of

photograph.
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T. equinum and M. equinum in a hunter. Clearly demarcated

circular areds; 1 « 3 CRSe in disnmeter, occurred over the point
of the vight hip (Fig. 11)s The neck and sghoulders showed

gnall areas of slightly incressed grey sealiness, A paitch of
heirs at the root of the tail,; the vontral surfsace of a scab
from the aeme aread and material from neck lesions fluoresced
characteristically under Wood's lights Nine weeks after the
first viglt the parts of the rump fomerly affected were found
to e unusually congpicuous because the hair was not only
growing again but also at & rate exceeding that of the surrounds

ing coats From the fluorescent material M. equinum was igolated

and T. equinun was pecovered by culturing a spevimen which did

not fluoresces. The ¢liniecal appearances of the lesions gave
little indication that 2 geneva of dermatophytes wore present
on this horge.

Although vingworm in horses due %o Y. verrucosum has been

known for half a century (Broeg-Roussesu, Urbsin & Barotte 1910),
the condition has been reported from Britain only within the
lest few years (Ainsworth & Austwick 1955b). As fax as

Scotland is concerned the isolation of the orgeniem from horses
on 3 different premlses reportcd here ia the first of its kind
to have been recorded. One of the cases was in & Teyears old

trotting pony which wag stabled with 3 other horsess



Fig. 11. Equine ringworm (mixed infection of M equinum
and T. equinum). Clearly demarcated, circular
areas on the hindquarters.
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Confluence of circular lesions on the croup, saddle~region

and breast gave rise to large, irregularly shaped, bare arees
with smooth, brown centres which were raised above the surround-
ing skin (Fig. 12). Removal of & plaque revesled a smooth

area in which new hzir was visible and such bared patches

were more deeply pigmented than the surrounding skin (Fig. 13).
There was & veotangular patch, 5 cms, long on the forehead,

8, slightl& crusted spot 1.5 om. in dismeter occurred on the
pectoral region end 2 soabbed spots were present on‘the outer
agpect of each hind lzmb bhut the region of the glrth was clear,
Two foalg and a ghallion, stabled with the affected animal and
groomed with the game instruments, rgmained fres from infection.

T, yerrucosum was also igolated from s foal on a farm on which

there were 2 other horses that cshowed lesions of the croup
almost identical with thoge found on the trotting ponys
specimens from the in-contact animals on the farm were negative

by laboratory methods.
DIFFERENTIAL DIAGNOSIS.

Angleberries may be mistaken for ringworm as may be the
legions on the legs of horses produced by the mange-mite,
Chorioptea bovim, The so~called 'rain~rash', which isg

characterised by matting of the halr over a wide area of the



Fig. 12. Equine ringworm (T. verruoosum). Coalescence of
mainly circular, crusted lesions on trunk and
hindquarters.

Fig. 13. Equine ringworm (T. verruoosum). Removal of
smooth plaque to show bared area.
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croup, has to be differentiated from dermatomycosis« In the

cage of dermatitis caused by Demmetophilus sps, Scarnell

(1961) has described & tufting effect with raiging of the
bairs out of their nommal level and he noted that the lesions
wore scabbed and often appeared roughly circulars Distinction
of that disease fron ringworm'ie possible only by laboxratory

examinations

DISCUASTON OF TOUINE RINCWORM.

Four of the T dermatophytes found in association with
ringworm in horses were isolated in Scotlend and the species

most often encountered was T equinums 1t was recovered from

56 per cents of 27 casess Lebasque (1933) veported that 60
per cent. of all cages of equine ringworm in France were due

$0 M. equinum while T4 equinum accounted for 28 per cent, On

the other hand, according to Georg gt al. (19572), T._equinum
appeared to be the most oommon cause of ringworm of the horse
in the United States, Furope and South America., It was found
ceusing dermatomycosis among hunting horses and riding ponies
in my series end on asch of the premises there was opportunity
for animel to animal spread. The reports by Matruchot &
Dessonville (1898) in France, ﬁeefs & Gillein (1931) in

Belginm, MecKinnon (1936) in Uruguay, Batte & Miller (1953)
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in Us 8. As and Alnsworth & Austwick (19552) in Britein also

dealt with outbresks of T, equinum vingworm in groups of horges.
Batte & Millem (1953) found that it wes beneficial to
diginfect harness and grooming kit with the fungicidal come
pound Captan (N~ trichloremethyl merespto-i-~cyclohexine 1,2-
dicarboximide)s This was en indication that the spread of
infection among enimalg was thought to be not always direct.
In the outbrezk among hunting horses mentioned above, spread
of infection may have been indiveot since the same clippexs
had been used on severazl of the animals. Bimllar dissemination
may occur in infectiong caumed by the other species of dermatc=
rhytes which were isolated from horses.
Six (24 per cents) cases of equine ringworm were found to

he amsociazted with infection by H. equinum, which the American

authors, Conant (1935) and Georg et _8al. (1957a) do not
recognise &g & velld specless A speecimen from one of my early
cages of horse wringworm, sent %o Dpy Riddell at St Johnts
Hospital for Disewses of the Skin, London, was reporisd &s

an atypieel strein of M. cenis. However, since pigment wes not
produced on artificial media and the mocroconidie were shorter
and stouter than those of M. canig, the dexrmatophyte was

probably M. cquiaum,

The lesions produced by 1. mentagrophytes were indist-

inguighable from those associated with T, equinum or’ with
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My equinum so that laboratory investigation was necessary to
identify the type of ringworm which was present. This may

heve little practical application yet, in so far as a rodent
ig the probgble sourse of themorganism, the epizootiology of

infeetion by L. mentagrophytes differs from that due to T.

equinum oy . equinum, both of which are nearly always parasitio
on the horge.

The 3 cases of wingworm caused by P. verrucosum were

igolatod ones that happened on premises containing other horses.
This dermatophyte lg found mostly on cattle and the affected
horses were in contact with infected cattle. The epizootiolog-
ical pattern of this type of ringworm seems to depend upon
contraction of infection from cattle without further spread
among the horsges in a stable.

The early, dry end raised papule, previously noted to
distinguish bovine ringworm and to be more readily recognisable
by pelpation than by sight, is more easily seen in the horse
pinece it is customary for the hair of that animal o be closmely
clipped. The early signs of equine ringworm are much the satme
whatever dermatophyte happens to be present. Alnsworth &
Austwick (1959) and Georg, Kaplan & Camp (1957a) say that a
gimiler olinical picture obtains with sll the dermatophytes

that affect the horse, Although the nmumber of horses affected
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by T, verrucosum in this series was small, the lesions were

rather nmore crusty and more acutely inflamed than were those

of inflection by T. equinum or by M. equinum to vhich extent

there is some enalogy with human infections by anthropophilic
and zoophilic species of dermatophytes. In man, infection by

anthropophilic fungi, eege UMe nudouwini, is less severe than

that proveked by animal fungl such as T, verrucosgum, in which

the lesions are of an acute inflammatory characters Thus, the
enthropophilic fungus appesars to have become adapted to man
whereby a reaction to its presence is seldom violent. Further,

as has been shown by Georg (1949), T. equinum demsnds én

adequate supply of nicotinic acid which is to be found in equine

hair but rot in thait of other animalg. Thus, T. equinum is so

adepted to the horse that the hogt rezction is likely to be
mach less violent than that produced by the bovine dermatophyte,

T. verruacogum,

Even with a limited number of proved ocases, it was apparent
that equine ringworm tended to prevalil during the winter months
when horses spend longer periods in stables and so are exposed
to grester risk of contact with infected animals, or with
contaminated grooming kit and premisos.

Patte & Miller (1953) reported thet colts and yearlings

were most susceptible to ringworm but that animals of 8ll ages
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might become infecteds One horse in an outhbresk investigated
by English (1961) did not become infected and she quoted
Broege-Rousseau, Urbain & Barotte (1927) to the effect that
older horses show greater resistance. On the other hand, it
wag my experlence that most cases occurred in horses, the
average age of which was 8% yoars, It must be added that Batte
& Miller (1953) were dealing with & recing establishment where
the breeding progromme provided that young enimals as well as
0ld were at risk. In the came of the premises investigated in
Scotlend, the horses were mostly broken to harness and had
been trained for vamrious purposes such as fox-huuting, trotting
and &g riding ponies,y so that few of the animals were undex
one year olde.

In the discussion of bovine ringworm, it was noted that

Al

T. verrucosum was readlly trmnsmissible to man and that cattle

were the chief reservoir of infection. Not only are the main

agents of ringworm of horses, T. equinum and }. equinum, less

readily transferred to human beings but ensuing infections also
tend to be of @ mild and trensient character (English 1961).
Vevertheless, since equine ringworm may be praaenilan establish-
nents where there is ¢lose association between man and horse as
in riding schools, the danger of transfer of infection from the

horse cannot be regarded as unimportant,
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(3) INFECTIONS OF DOGS.

The dermatophytes reported as responsible for ringworm
in dogs together with some of the more important references
are as followa:
M. _cenis (Georg, Roberts, Menges & Kaplan 1957b, La Touche 1952),
M. sypseum (Ajello 1953, Georg et al, 1957b),

M. distortum (Di Memne & Marples 1954, Kaplan, Georg, Hendricks
& Leeper 1957),

M. audouini (Sabburaud 1908, Murrell 1951, Kaplan & Georg 1957),

7. montagrophytes (Catanei 1936, Georg et _al. 1957b),

T quinckeanum (Schneider 1954, Blank 195T),

T, verrucosum (Kral 1955, Gentles & O'Sulliven 1957a),

9, vubrum (Chekraborty, Ghosh & Blank 1954, Kaplen & Gump 1958),

7, gschoenleini (Lebert) Langeron & Milochevitch (Catanei 1936),

T, pellinae (Baudet 1940).

In the survey under review 6 of the 10 listed fungi

were ipolated.

MYCOLOGICAL ASPECTS.

Out of 221 cases, 41 (18.6 per cent.) proved to be
positive (Table 8)35 21 (9.5 per cents) were positive both
mieroscopically and culturally, 13 (5.9 per cent.) were

positive only by culture and T (3.2 per cent,) were positive
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only by microscopical means,

TABLE 8,

RESULYTS OF LABORATORY INVESTICGATION
OF- 221 CASES OF SUSPECTED CANINE RINGWORM.

( Pigures in brackets denote percentages. )

Cultufe Pose | Culture neg. Totals
Micro. pose | 21 (9.5) T (342) 28 (12.7)
Micro, mege | 13 (5.9) |180 (81.4) 193 (87.3)
fovols | 34 (15.4) |187 (84.6) |22

Demmatophytes isolated.
On the 34 ocoasions when dermatophytes were recovered,

the following frequency was observed: M. conis 20 (58,8 per

cents ), T. mentagrophytes 5 (14«7 per cents), T. vorrucosum

5 (14+7 per conts) and 1 isolate (2.9 per cent.) each of

Ts guinckeanum, T, rubrum, Prichophyton sp. and M. gypseum,

On 3 of the 5 ocoasions when T, verrucosum was recovered and

on the single occasion when T, rubrum was isolated, the

material was negative mieroscopiocallys HM. distortum,

M. sudouini, T. schoenleini and T. gallinae werc not encounte

erede



CLINICAL ABSPECTS.

(A) 8Sex incidence.

Infectiong occurred more frequently in males than in
females, there being 13 (59,1 per cent. ) males and 9 (40.9
per cent,) females among the 22 animals about which information
wag available. These figures are presented as factual data
and little:evidence was found o suggest that sex is an

important féctor in the incidence of canine ringworm.

(B) Age incidence.

The information regarding 32 animals contained in Table 9
indicates that 68,8 per cent. of cases occurred in dogs during
the firet year of life and that, although the disease iw
recognised to occur more frequently in young dogs, infection
wag present to a considerable extent (18,7 per cent.) in

animals which were more than 2 years of age.

TABLE 9.

AGE INCIDENGE
IN 32 CASES OF CANINE RINGWORM,

| Age “;gggg::a}Percentage
O - 6 mths. 20 62.5
T-1212 " P24 64 3
13~-24 1" 4 125
2 -~ 3 years 1 3.1
+3 ¢ 3 1546
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(¢) Seasonal incidence.

The seasonal occurrence of canine ringworm with reference
to the main causal dermatophytes is shown in Table 10. . canlg
was encountered more frequently during the pexiod May to
October, when 16 (80 per cents) of 20 éasas occurred. Aithough
8 of those cases were from one outbreck among boxers, M, canis
was found in highest incidence during the sunmer months. On

the other hand, infections by T. mentagrophyies and T. verru-

cosum tended to be more prevalent during winter end spring

inasmuch as 4 of § infections with T. nmentagrophytes took place

between November and April, while ¥, verrucospum was recovered
from 4 out of 5 specimens submitted during the period January

to Ap ril.

TABLE 10,
BIL-MONTHLY TOTALS OF !, canis, T. mentagrophytes
and T. verrucosum ISOLATED FROM 30 DOGS.
. Te menta~ | T, verru-
M. oenls grophytes | cosum
Jan, -~ Feb, 1 1 1
Mar., -~ Apl, 2 1 3
May =~ June 2 - 1
July - Augs g* 1 -
Sepe ~ Oct, 6 - -
Wove ~ Dec, 1 2 - -
Totalg 20 5 5

aEight of those 14 enimals were from one kennel,
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(D) 3Breed of dog sffected.
Out of 20 cases, 9 breeds of dogs were found to be affected

and on 28 (93.3 per cent.) ocoasions the animals belonged to tho
ghort-haired variety. The breeds of doge affected together with

the amsociated dermatophytes are showm in Table 11,

TABLE 11.

BREEDS OF DOGS AND CAUSAL FUNOXL

IV 30 CGASES OF CAVINE RINGWORM.

[+2]

gl iz

Braed o

3 g E 8 |2
' ™
S g b %
il e o |4 2% |2

Foxer 1 1 1 R 2 peé:-
Staffordshive | q 2 - | - 3
Bull~tegvier 1 o
Cross-bred 2 - U 1 3
Lerrien e

Latpadoy 14~ 1§ 1 13
Boston terrier] & - - |- - 1
Greyhound - {1 - I - 11
Poodle Jr 1= |-+ 1 - |2
Pointer 11 - | -~ .y ,-' 31
Spaniel BN S 1 - - 11
Totals 18 |2 I3 b | 4 jo
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Irrespective of the causative dermatophytes, not only were
boxer dogs move frequently affected (16 positive cases from
5 premiges) but the breed was also found o harbour 4 species

of organisme, namely M. canis, M. geum, T, mentagropuytes

and V. verrucosum. None of the other breeds was affected

with more then 2 dewmatophytes. In the United States, Kral
(1955) noted that short~haired breeds were most frequently

affected with ringworm due to 7, verrucasﬁm.

It is now proposed o dedl with the ¢ondition associated
with each of the causal dermatophytes.

I. RINGUWORM CAUSED BY M. canis.

Infection by M. canig his been encountersed in most parts
of the world and 4if it is reporbed from the human population,
soonei'or later it will be isolated from domestic enimals,
gsuch as the dog and 08te Marples (1958) soys that in New
ZGalgnd i, conis ig the predominant csuse of ringworm of the
human head snd trunk and bthat infection is contracted commonly
from kittens but sometimes also from dogs. The same organiem
prevails in ringworm of dogs in the United States (Georg 1960)

and hag been reported as well from many Buropesn countries,

- including France (Nicolas & Lacomme 1906), Britain (La Touche

1952, Gentles & O'Sullivan 1957b), Iweland (Young 1956),

Mnlend (Sonck 1958) and Norway (Lindgqvist 1960),
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In this gurvey, M. ctnisg was the dermatophyte nost often
rocovered from the dog and was isolated from 20 (58,8 por cent.)
out of A proved casoese ALl the igolates were procured from
individual onimele with one excepbion, namely & kennel of 13
boxor dogsy in which 11 pupe of 6 wockp of ngo exhibited
sevore and widespyresd lesions snd 2 adwlt dogps wore 2led
affoctods Me o8uig wos isolated frum‘ﬁ of the pupe as well
ag from both sdult doges The animals wore extmined at
intervels over & poriod of 6 monthe, ot the end of which time
the infection was not any longer demonsbrables AT initial
ingpection, the legiong of the youny aningles wero gituatod
meinly on the elmopt hoirless abdominal skin (Fig. 14) ond
conpiloted of circular arenp, up to Pa9 oma. in diameter and
cach puyrounded by & ralsed inflommatory ringe AV this stoge
the pups 4id not exhibit significont fluoresconce under Yeod's
1ighte. Beven doys later the wool was no longer evideat but
the site wvop nmarked by slight exiolistion. Undoy Vood's
light, evidenco of widegprend infootion was thon noted in 5
aninale end emall beroe spots hed appoaved on the heed,y trunlk
and limboe. AFSor avother woek ox Ywo the oldest legions were
clonvly definedy most hod wé&ehe& 2e5 cinge in dituetor,
wony hod developed & grey discoloration and some wove roiped

sbove the surfoes of the sursounding sikin. Hunerous aow



Fig. 14. Ringworm of a pup (M canis). Circular lesions
each with raised periphery, on thorax and
abdomen.

Pig. 15* Ringworm of adult dog (M canis). Circular,
alopécie area near the right elbow.
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legions had then beebmg apparent ag palpable, small, discrete
gpots of erusted exudete with tufting of the bases of the
hairs, The crusis did not fluoresce but, vhen they were 1e=
moved, that property was detectable towards the base of a few
‘hairs that protruded from the underside of the scab, Many of
the small lesions became hairless but did not incrcase in gige,
while the original lesiong came to be darkly pigmented and
covered by thickened, fairly smooth skin, One pup, kept at
the University of Glasgow Veterinsry Hospital, appeared to
have recovered compleotely aften 3 months. The raest of the
litter, which remained in the owerts premises, developed a
systemic viral infection about 6 weeks after ringworm had
been diagnosede. In those animals the dexmatomycosis spread
much more widely and persisted for 2s long as 6 months, a
probable consequence of the concurrent viral infections

The 2 adult dogs which were not so badly affected as were
the pups, hed alopecie, scaly lesions on the limbs (Fig., 15)
while emall, discrete spots were prosent on the head and trunk.

Although Wood's light is & ugeful aid to diagnosis, not
all cases of microsporosis show typical fluorescences, Out
of 20 cages of M. canisg ringworm in this series, only 9 were
found to exhibit the phenomenon while in the United SBtates,

Kaplan, Georg & Ajello (1958) found that barely one third of
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hairs infected by . canig fluoresceds In ny meries of cages
there was hardly aany difference detectable between fluorsscent
and non~fluorescent leglong inagnuch ap only 5 out of 10 of

the proved cases asmong the boxer dogs fluoresced yot the

leslons weye ¢linically similar to those which did not fluoresce.
The lesiong produced by M. conig in dogs were not confined to
any perticular regioﬁ'of the body (Fige 16 & 17). Young (1956)
reported the occurrence of infection on the claws of a dog.

In the cases of this series, that were examined clinically

invelvement of the claw was noet encountered.

II. RINGWORM CAUSED BY P. meniegrophytos.

Thig kind Qf“&%rmutomycuaia wag not found to be as common
as that dve to M, cenls, and sitounted only o H (14,7 per cent.)
cases, 4 of which involved animals of the short-haired variety.
The lesiong were found on the head, pariicularly on the nose,
in the wegion of the eye and on the ear, bul occurrved some=
times on the chest and limbs and in genersl were not significant-
ly different from those due to infection by U, ceénis. In one
cage howyever, favia gpotg, L - 2 cmg. in diemeter, were noted
on the dorsun of the nope of & male dog. 2 years of age.

TIT. RIVGYORM CAUSED BY T, verrucosum.

Thie fungus ig the common cange of bovine ringworm throughe

out the world (Blank 1955) and has been only aceasionally



Fig. 16. Generalised canine ringwoiro (M canis).
Irregular areas of alopecia with pronounced
scaliness.

Canine ringworm cam s Circumscribed
lesions on shoulder, trunk and hind leg.
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feported from othexr gpecieay gggp‘the dog, horge, sheecp and
goat (Aingworth & Austwick 1259)., Outside Groat Britain,

only 2 csges in dogs appeax ag yet to have been recordede
Beudet (1935) desceribed a single case in France and Krel
(1955) reported the condition from the United States whexe
dogse of the shorxbt-haired veriety, such as boxers and Dobermaan
Pinschers, were mopt commonly afifected, In this survoy,
although the number of dogs was smell, infection by T verru-
cogum was found to be as frequent (14.7 per cent,) ag that

due to T, mentagrophytes. OFf the 5 canine cases caused by

Te verrvucosun 2 have already been rapoyted (Gentles &

Otsulliven 1957a). Iuv only one of the additional cases were
adequate detailes available. The animél involved was @ 3
months old, brown boxer pup and had been born in & calfepen
in which elinicelly sffscted calves had recently boen housed.
According to the owner of the animal the condition had been
in existence for a week when it was examined by & vetervinary
surgeon who found & lesion on each eax and another on the
hind paxrt of the body. On the lateral surface of the left
ear was an irregulerly round and thickly crusted patch, 4
cms. in diameter (Wig, 18)s At & similar position on the
right ear wag & mlightly bared spol, @boubt 0.5 cms. in sige,

with & raiged border and whick showved some supexTicial



Fig. 18. Canine ringworm (T. verrucosum). Heavily
encrusted lesion on lateral surface of
left ear-flap.
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desquamations A rather similar lesion, agein with an
clevated margin, woes to be seen on the lumbar region. The
lesions persisted for T weeks by which time new hair had
starited to growe It is ﬁoteworthy that all the csnine cases

agseribable to infection by Ts verrucosum had much the same

chance of contact with cattle as did those of similar astiology
in the horse which have been mentioned earlier in tho thesis

(page 31).

IV, RINGWORM CAUSED BY M. gypseum.

Me sypeoum hag been estimsted to account for 26 per cent.

of the cascs of canine ringworm in the United States (Georg,
Roberts, Menges & Kaplan 1957h) where the orguniem has also
beon isolated from the soil (Ajello 1953). Stockdale (1958),
Msop & Prior (1961) and Dawson & Gentles (1961) have recovered
it on a number of occasjons from British soil, In view of
Amexrican experience, my finding of only one case zmong 221
sugpected dogs may appear exceptional. However, Alsop & Prior
have indicated that heavy concentraztion of the fungus may bve
a prerequisite of infeotion, Ceriainly, more epizootiological
data are necessary before the difference in case-incidence
between America and this country becomo explicable,

The single case encountered by me ls the first recorded in

Britain and concerned & 2 years old, male boxer on which lesions
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wore first obuerved T days bofore it wie examined by a vetor-
inary eurgeon, Un the lateral surface of the left ear-flap
theye wos o iyey, domed scab whioh, subsaquent to the appliocation
of an emollient ointment, foll off to expose a oircunscribed,
raw and slightd)y pigmented area with o rod bame. Another
lesion of sinilay charscter was presont on the »ight flank.
Bacause the dog often shook Ats heed and since many ear-miton
(Ctodestos ovapotis) had been found in the red eural wax, the
lasion on the sar-flap was presumed to ba of traumatio type.
Hioroscoplo smﬁ:lmim of matorial from the ear, mounted in
caustio potash, vevealed the presonce of a large-epored,
actotheix fungus that ensheathed the haive; significant
fluorescence undey Wood's lipght was not detectable. The
artificlally ocultivated strain of dexmatophyte developed
numerous rough-walled maoroconidis with slightly rounded ends
sinilar fo thoso typical of Y, gypseun, The lesions wore not
detactable 5 wecks aftor the fnitial exeminadion,
V, RINGGOMM CAUSED BY T, rubrua.

According to fnglish (1058) this snbthroporhilin funcue
is very prevalent among human patients at various dermato-
logionl elinios in Britain., Theye have beem very e preconds
of tho isolation of T, rubrum from dogs. The case now reported
is the firet of its kind in Dritain. However, At was encountersd
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at an early stege in the survey and later, when its precise
significanse was realised, neither clinical detalls nor any
history of the disease was obtainable. Although mioroscopical
exsmination proved negative, T, rubrum was recovered and ite
identity was subsequently confirmed by Dr. Gontles.

VI. RINGWORM CAUBED BY T. guinckesanum.

One caga emerged early in the survsy dut beyond a report
to tho effect that the animal was a 2 monthe-0ld pup and that
tho lesions otcurred on the face, clinical details were not
available. Halrs from o losion were positive microscopically
und the associanted culbure, which was identified by Dr. Gentles,
proved to bo one of T, quinckeanum, This is the first recorded
instance, in Britain, of canine dermatomycosis due to infection
by T. quinckeasum.

DIFFERENTIAL DIAGNOSIS IN THE D0G.

Dafinitive diagnosis of canine ringworm is extremely
difficult &nd :la nﬁf .p.oéaibié by clinical means mlone. Although
material for this survey was being selected by veterinary
surgeons from oases which they believed to be ringworm,

dermatophytes were imolated from only 34 (15.4 per cent.) out
of a total of 221 animale; 7T other animals were micromcopically

positive but did not yleld any dermatophyta. Obviously, many
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cutaneous conditions of the dog may resemble ringworm and
these include eotoparasitism by the menge mites Qtodectes,
Sarcoptes and Demodex: ' Ae has been veported in the came of
miorosporosis due to I, gypseuws (page 48), the lesion of the
ear was Tiregl regarded ax a wequel of pruritus caused by
otodectic mites, Mange ansociated with Demodex follioulorum
and with Sarcoptes scabiel may ocour on any pvart of the body
and, at an eaxly stage when the lesion is halrless and circ-
ular, the condibion mey closely resemble ringworm.  Various
forms of aczema and lesions of the sgkin adtributable to
dietsbic or to hormonal mbalence may simulate those of

derpatomycotic origin,

DISCUSSTON OF CANINE RINGWORM,

Of the fungi reported as causing canine dermatomycosis,
only 4 species were not encountered in this survey and all 4
haprened to be unumal causative agenta of rinsworm of the
d0g. Thera im not any evidence that M. distortum is present
in Britain but the organism has been reported from New Zealand
(DL Menna & Marples 1954) and also from the United States of
America (Kaplan, Georg, Hendricks & Leepsr 1957) where one
cage in a dog has baen described and pet wmonkeys, of Gohes

and Ateles 8p., have been identified as the main resorvoir of



5.

infection. M. mudouini, an anthropophbilic dermatophyte
commonly resyponsible Loy epidemic tinea capitis of children,
has heen reported from dogs on only 3 ocoesions during the
past 50 years or so (Saboursnd 1908, Murrell 1951, Kaplan &
Georg 1957). T, schosnleini, another anthropophilic fungus
that causes favus of man hes been recorded from dogs only in
Algeria (Catanei 1936) where the organism is widely prevalent
in the lmen population. T, gallinae is a dermatophyte of
birds thet at the start of “hh':i.s‘ century was ap?arently common
in Britain but is new of very rare occurrence (Ainsworth 1954),
Coxrnaghan, Gitter & Blaxland (1956) veported an isolated out-
break in England. To mome extent, the rarity of those
dermobophytes may account for my faillurs to recover them from
the doge under review.

Of the 34 dermatophyter isolated, M. canis was recovered
mort frequently (58.8 per cent, ); there #era_ 5 ocases (14.7 per
oent.) each, of T. mentagrophytes and T. verrucosum. The other
4 dermatophytes, T, quinckeamum, T, rubrum, Trichophyton sp.
and M. xypseum, were molitary isolations. The only other
comparable survey of canine ringworm is that done in the
United States by Georg, Roberts, Menges & Xaplan(1957b) who
isolated 3 dermatophytes as follows: M. cania from 170 (66.9

per cent.), M, gypseum from 66 (26 per cent.) and T. mentagro-
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phybog from 38 (7.4 per cent.) out of 254 cages,

Losions of the dog Aid not vary significantly in regard
o the ecausal dermatophyte but ghowed o gradation from ¢ircular
areas of soaliness with alopecia o henvily encrusied patches
and tended to pewsist for 3 to 6 monthe.

Not all cases of M. canis infection fluoresced buit in
this series there was a higher percentage of such positive
cases then was experienced by Kaplan, Georg & Ajello (1958)
in the United States. Nevertheless Wood's light is a useful
aid to diagnosis of ringworm caused by I, canisg, especially in
cases of mininwal infection, Lewis, Hopper, Wilson & Plunkett
(1958) have said that hairs affected by certain straing of
Ha_cypseun fluoresce characterlstically green but the concensus
of opinion is that the fungus does not hehave in this manner.
Fluoreseence wes not seen in the one dog affected by that funsus
in the survey.

The relatively high incidence of infection by T. verrucosum

among dogs of this series reflects the high frequency of bovine
ringworm. Local suxveys of the kind under review are necessary
not only to discover the prevelling species of demnatophytes
which are present but alse to determine their relative occurr—
ence and pariicular importance. Undoubtedly, cattle constitute
the main veserveoir of human trichophytosis caused by T, verr—

ucosum but infection of man may also grise indirectly via the
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dog.

Whereas it is establiched that dogs and cats are the
remsorvoir for infections with M, canis both in animals and
man, the source of infection by I. mentagrophytes has yet
to be determined. From time to time, the latier organism
has been vecoversd from all the domestic animals (Blank
1955) mnd also from many wild species (Georg 1954, Marples
1961) and in some oases,affooted animals wore clinically
normal (Fusntes, Bosch & Boudet 1954, Mackenzie 1961).
Thus, not only ia D, mentmprophyten pathogenie for man but
ita wide prevalence in the animal kingdom la a potential
dangex to human heings, a problaw that is more fully dis-
ouased in Part I of this thesis. |

" Although T, xubreum is 2 common human dermatophyte it
. has been reported only 3 times from animale, In India,
Chakreborty, Ghosh & Blenk (1954) found it in a dog and in
2 cows while Moss & Dyson (15%5) and Kaplan & Gump (1958)
raported it from dogs in the United States. The owner of
one of the dogs mentioned by Kaplan & Gump had ringworm of
the feet caused by T, rubmm and he admitied the babit of
rubbing the dog with his btere feet. In the absence of any
known extra~-human reserveir, animal infeotion by T, mubrum
presumably originates from man.
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In 22 out of 32 dogs (68.8 per cent.) ringworm was
diagnosed myocologiocally during the firmt year of life and
in 6 (18,7 per cent.) animals which were over 2 years old.

The case-incidence thus appears to be higher in young doge

but, sinoe infection was encountered also in adult animals,
the development of a solid age-immmity is manifestly not a
feature of the disease.

Hore cases of trichophyltosis due to infection by I.
mentagrovhytes or by I. verrucosum oscurred during the wintexr
and spring th#n were encountered throughout the summer and
sutwm. The reverse was the oass with miorosporosis oaused by
M, canis, even after inclumsion of the outbreak among boxers
that happenad during the summer months. In the United States
Kaplan & Ivens (1961) reported that infeotions due to I.
mentagrophytes were most frequent in the months of November and
.nacambor and that the majority of M, canie infection also arose
during the winter period October to February inclusive. More
information is necessary on the epizooticlogy of dermatophytosis
before the pattern of seasonal inoidence can be explained.
Since most cases of infection of cattle by T, verrucosum occur
during the winter and spring (see page 16) and since catile are
the main reservoir of the parasite, ii may be reasonably presumed

that dogs at risk have more opportunity to acquire infection
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during thomwe periods of the year.

Irrespective of the causal fungus, hoxers showed most
frequently the signs of ringworm and that bresed was most
commonly affscted of the T from whioh M. canis was recovered.
Short-haired animals were almost the only type encounterad
with dermatomycosis and, perhaps bacause of the character of
the coat, the leaions of ringworm are more eesily detectable.
However, as is the case with infection by T, verrucosus,
exposure to infection is probadly the momt important single
factor in the development of the disesse. Controlled ex-
periments are yogquired o determine whether, or not, there is
sny bresd suscaptibility to ringworm or whether the Sype of
coat is significaunt.,

Although the incidence of canine zingworm in the west of
Scotland has proved to be of & low order, the causal fungi
are pathogenic also for man whose ¢loso associmtion with dogs
furnishes every opportunity for him to acquire the infactive
a.sen'b'. From & public health puint of view the reservoir
should be sliminated by suitable thorapeutic treatment.
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(4) INFECTIONS OF CATS.

The dermatophyles reportad as aetiologically responsible
for ringworm of cats, togather with the mors limportant
refevences, are as follows:

M, canis (Dsvidson & Gregory 1933, Ia Touche 1952),
Y. gypseun (Kaplan, Georg & Bromley 1957),
T, mentagrophytes (Georg, Boberts, Menges & Kaplan 1957b),
T _quinckeanum (Plank 1957, La Touche 1953),
2. schoenleini {Stevenin 1938).
Three of the above species wore recovered bul dermeto-

mycomis due to elther M. gypseum or T. schoenleini was not

enoountered.,

MYCOLOGICAL, ASPECTS.

There ware 39 (37.1 per cent.) positive cases oub of
105 aniwals examined (Tabls 12)s 27 (25.7 per cent.) were
positive both microscopically and oulturally, 8 (7.6 ver
cent.) were pomitive only By cultuve and 4 (3.8 pexr cent.)
were only mioroscopically positive. Ag with the other

species of animals involved in this survey, specimens
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whiéh were pa_sifbi,vé %o -ﬁiems.éuyiéal examination were ‘ﬁainly
(87+4 per cenﬁi‘) algo ipcs'iﬁ;vé‘ﬁ# a{xlturél metho&s and these
negative on mieroscopy generally. (89.2 per. genﬁ) failed to
produce & culture.

RESUUTS OF LABORATORY INVESTIGATION
OF 105 CATS SUSPECTED OF RINGWORH,

{ Pigures in brackets dencte percontages..)

Culbure pos. | Gilbure neg. Potals

Mioro. pos. | 27(25.7) | 4 (3.8) | 31 (29.5)

‘Miaro. negs | 8 ('faé} 66 (62-.9) 74 (70.4)

‘Totals 35 (33.3) | 70 (66.7) | 105

Of the 35 pathogenic fungi recovered, the following
frequency of spscies was obgerveds M, canis 25 (T1.4
per canh), I, mentagrophytes 5 (;4‘5 pex cenﬁ.s‘), _‘31
W«# (11.4 por cent.) and Trichophyton ap, 1
(2.9 per cent.),



QLINICAL ASPECTS.

(A) Sex ineidence,

Therc were 12 (57.1 per cent,) females and 9 (42,9 per
cent, ) males among the 21 animals for whioh infommation was
available and sex did not seem to have any effect on the
incidence of infection.

(B) Age_incidence.

Data on 31 animals are shown in Table 13 where it is
evident that cagses were more frequent during the first year of
life, when 25 (80.6 per cent.) of the animals were affected.
However, the condition occurred also in 6 (19.4 pex oen%.)

cats over 1 year old.

TABLE 13.

AGE INCIDENCE
IN 31 CASES OF FELINE RINGWORH,

Number
Age affeated Percentage,.
0 -~ 6 months T 22,6
T~12 " 18 5840
13 .24 ® 3 9.7
+ 2 yoars 3 9.7

(¢) sSeagonal incidence.

The seoagonal incidence of ringwomm in 33 cats is ghown

in Table 14 which indicates that infection by M. oanis
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prevailed thyoughout the perdod July to October when 17

(51.5 per cent.) cases were encountered, Fifteen of those
casesy however, came from a single group of ocats to which
stray animals were constently being added so that not only was
the feline population changing but the new animals werc being
introduced into & heavily infeclted envivornment. Hence the
relation of incidence to season may bs merely apparent and,

in fact, nmay refléct only the time at which specimens were

selecteds The 5 cases caused by I. mentagrophytes occurred

between September and April and the 4 due to T. quinckeanum

happened during the perxriod January to May.

TABLE 14.

BI~-MONTHLY TOTALS
OF DERMATOPHYTES ISOLATED FRON 33 CATS.

"T. menta~ | To guincke

M. oovio grophytes | eanun
Jan, = Feb, 3 2
HMare. = Apl. 2 -
Moy - June - - .2
July = Aug. 15% - v
Sepe =~ Oots 2 -
Novy = Doc, 2 2 -
Totals | 24 5 4

=

All from a single premigess
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The moxrbid condition associated with each of the caugal
dematophytes in cats will now be described.
I RINGWORM DUE TO M. 09»1'11810

Twenty five (7l.4 per cents) of 35 proved cases of ring-
worm ocourred in cats residing in 10 premices. In one
establichment alone, 15 out of 24 cate were found to be
infected snd the condition appeared to be of enzootic character.
The owner took in stray cats which, if they were not slready
infected, quickly beceme so after admigsion., The legions
varied from disorete, barish arcas; 6 = 13 mmg. in diameter
with slight scaliness, to generalised encrusted patches over the
head, body and limbs, Although it was recorded by La Touche
(1955), involvement of the claws was not oncountered in any
of the 15 cats exomined on this premises. Out of 20 cats
observed under Wood's light, 15 (75 per cent.) proved positive
and 5 (25 per cent,) did not manifest any fluorescence.

Since tﬁe 25 affeoted cats of this series ocame from only
10 premiscs, ringworm caused by M. csnis is comparatively rare
in thig part of the countryy. Further evidence of the low
incidence of the eoﬁdition was obteined when, during the month
of September 1955, all the cats (mostly, stray animals), brought
for destruction to 2 veterinary clinic in Glasgow, were

investigoted undexr Wood's light and by means of scrapings teken
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from any suspicious areas. Out of 103 animals so examined,
none ylelded any evidence of dermatomycotic infection.

II, RINGWORM DUE T0 T. mentagrophytes.

In the United States Georg et ale (1957b) noted that

ringworm caused by T. mentagrophytes was falrly common in the

dog but was only occagionally encountered in the cat, Loss

of hair together with ocircular scaly areas were given ag the
main manifestations. Ainsworth & Austwiok (1955b) described
infection by T. mentagrophytes in cats as producing lesions

which resembled favus.

Of the 35 cats of this series, 5 (143 per cent.) living
in quite separate premises were found to be a2ffected by the
paragsite. One animal had 2 circular, bald areas, 13 mms. in
diameter, but in 2 others heavily encrusted areas occurred on
the left elbow and the left paw end in the latter situation,
the lesion was typically favie, i.es it conslisted of a saucer-
like crust with ralsed edgess One cat had a single lesion
behind the right ear together with another patch between the
scapulze.

IIX, RINGWORY DUE TO T. gquinckeanum,

In the survey conducted by Ainsworth & Austwick (1955b)

T, guinckeanum was not encountered and the same authors (1959)

quote only one reference to the occurrence of the organism in
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cats viz., that of Blank (1957). Since then La Touche (1959)
has described artificially induced infection of kittens as well
ag the spontaneous disease and in the-latterbfhmio erusts
occurred on the ears, forece~limbs, the hips and the tail,

The 4 unconneocted cases of Ts quinckeanum ringworm of this

series congtitute a first record for Scoitland. One of the
kittens wes 4 months, another only 6 weeks, old but the ages of
the other 2 were not ascertainable. The legions occurred on the
ear, forechead and elbow in the form of crateriform orusts with
raiged edges similar to the favie scutula described by La
TPouche (1959).

DIFFERENTIAL DIAGNOSIS IN THE CART.

In general, the diseases of the skin mentioned in
reference to canine ringwoxm are to be found also in the cat,
Feline mange occurs in various forms., Eap~monge, caused by

Otodectes cyanotis, affects mainly the auditory meatus but

may also produce lesions located on the external surface of

the ear, Body-menge aggociated with Demodex folliculorum may

gimulate ringworm in so far as circular areag of alopecia may
be manifest, Again, should it affect the region of the head,

mange produced by Notoedres catli and by Sarcoptes scabiei,

may be charascterised by scabbed lesions not unlike thoge of
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dexrmatomycosis. Hozema of the cat assumes & varicty of forms
and, since it is essentially o demetitis, the lesions of
which may be circular in cheracter, it mey ceall for distinotion
from xingworxm, While it is impossible to establish the type of
ringworm on clinical or on microgcopical evidence alone, the
pregence of the yellowish, saucer-like lesions of favus is

sbtrongly suggestive of infection by T. quinckeanum and a greenigh

fluorescence undey Wood's light is 2 certain indication that

the case is one of M. canis infection,

DISCUSSION OF FELINE RINGWORM.

0f the 5 dermatophytes reported s ceusal agents of ring-
worm in tho cat, 3 were isolated. Infection by M. gypseum or

by T. schoenleini was not encountered. Despite its prevalence

in =0il M. gypseum is declered by Kaplan, Georg & Bromley (1957)

to gecour ravely in cats in the United States and the organism

has yet to be isolated from cate in Britain. T, schoonleini

is primarily an anthropophilic dermatophyte and the case of
infection of a cat reported by Stevenin (1938) probably
originated from & human being.

The commonest fungus recoversd was M. canis which
accounted for Tl.4 per cents of the 35 dematophytes that

were lisolated. Beoause the lesions of natural cases were
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meinly of minimal type, in charp contrast with the severe
inflammation seen in canine infection, it may be that the cat
is the more natural host for this fungus. As was discussed

in connection with Ts verrucosum infection of horses {page 35),

fungi not adapted to a particular host generally produce a
marked inflammatory reaction in that animal, Thus, in man,

B, canis gives rise to acute inflammetory ringworm (Bears 19%8).
Conversely, a fungus already adapted to & host generally'
provokes & minimal grade of inflammation (Barlow & Chattawsy

1958), eege infection by M. audouini in children and by

M, canig in catss Rebell, Timmone, Lamb, Hicks, Grove &
Coalson (1956) observed that in 76 kittens affected by M. canis
the cutaneous changes were minimal and comprised erythema,

mild induration, light scaliness and ooccasionally slight
encrustment. They further found that positive fluorescence of
the haeirs persisted for 180 deyss La Touche (1952, 1953) found
that the majority of naturally infected cats did not present
any obvious lesions and thet Wood's light was essentizl for
their discovery but that, occaslonally, & more severe reaction
might lead to the formation of a orust. Heiss, Caroline &
Leonaxrd (1955) noted that, in experimentally infected cats,

the lesions varied from slight erythem& with some loss of hair

to sealing and crustings the mean duration of clinical signs



65!

in 6 cats exemined by them was 23 days and that of positive
fluorescence: was 121 days. During the course of an experiment
t0 test the efficiency of griseofulvin against M. canie infection
in cats, the writer observed that in untreated control enimals
detectable thickening of the skin occurred 18 days after
inoculation and persisted for T9 deys. Cultures of M, canis
were recovered,sand positive fluoresgence was noted, 127 days
after inoculations The histologiesl changes in the skin of
the cats were similay $0, but less marked, than those of cattle.
Encrustment ocourred in all of the cats but to a lesser degres
than it did in cattle (0'Sullivan 1961).

Woodt's lamp is & useful aid to the diagnosis of feline
ringworm caused by M. coenis becouse many cases present only
mininal clinical signs and, sometimes, pomsitive fluorescence
by affected hairs was the only evidence of the existence of
diseases However, 29 per cents of 20 cases failed to show
poaitive fluorescence so that & negative result with Wood's
light does not preclude a subsequent diasgnosis of infeetion by
. _conige

Infection by T. mentagrophyies and by T. guinckesnum

ogcurred to about the seme extent which was well below that

of infection by . canis, . mentagrophytes is the only

demetophyte which has been encountersd on all the species of
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animale as yet disoussed vigzs.* ox, bhorse, dog and cat although
the asesociation of the parasite with other hosts is recorded

later in this works The leglions produced by T. guinckeanum

wvere situated mainly on the fove~part of the body and, 8s thie
fungus is the caugal organimm of mouse favus (Vanbreuseghem 1958,
La PTouche 1959)s 1t is understandsble that the paws, elbows and
head of the predetory cat are the arces wost at rigk by
contemination from ean infecied mouse.

Ringworn in cats is moxe freguent in the first ysar of
life although infecitlion of adult cate was encountered. Coses

of infeotion by s menlagrophytes occurred in winter and spring

and those due to T, quinckeanum happened only in the spring.
Bince the majority of the cages of M. canis wingworm occurred
on one premises, it ig not possible Yo say whether the summey
incidence weporied in the dog, occurs also in the cat.

The epizootiology of cat ringworm regombles that of the
canine diseage. Although they ave primaérily of zoophilic
bype., the ceusal fungl may cause severe ringworm of man so
that, beaping in pind the close contact which obtains between
humang and cats, effective control of the feline disease is
essential. The available evidence suggests that the disesse
is not common in cats in this part of the country although it

hag been reporied more frequently from other parte of Britaine
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In 1950 Walker noted that M. canis derived from dogs snd cats
wag the predominunt cause of humen microsporosis in Leeds,
Coventry and Poritsmouth. Again in the Leeds ares, La Touche
(1952) found that the incidence of infection of man declined
sharply after tho feline source had been removed from the
household. UMany of the cets exvmined by him did not present
any obvious losions and the infection wes detecteble only
under Woed's light. Since fluworescence ig not always manifest,
it may be very difficult to diagnose the condition and to
obtain a mycclogical cure. IPurther work is necessary before
more accurate methods of diagnosis become available and lead

to tho elimination of this resgervoir of human ringworm,
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{5) ZNFECITON O OTHER HOSTS,

Other than catlile, horsesn, dogs and cabs, 3 species of
animais ylelded evidence of dermatomycosis, neamelys the
laborstory mouse, chinchille and goat (Table 15), Out of 6
mice only one proved positive to both microsecopical and
eultural examination, Culbures wore obtained from 2 out of
12 ehinchillau‘although gpacimens from all 12 animala wene
nioroscopically negative, Of 3 goats only one showed micro-

scopionl, but not any oultural, evidence of ringworm.

| TABLE 15,
RESULNS OF LABORATORY INVESTIGATION OF MICR,
CHINCIILLAS AND GOATS SUSPECTED OF RINGWORM,

Mumbex Hioro. ~ Culture

of resuli, result.
sninala | Fod.; Nog. | FoB. | Negs
Mouse s . 5 | 1 | 5
Cominebinte | 12 o 11z | 2z |10
Goat T3 11 ] z 0 3

Infeotion of the Mouse,. .

The earliest veports of ringworm of the mouse date
back to the middle of the 19%h gentury (Bennett 1850) but
did not include cultural examinstion so that the caussl
fungus was not identifieds Since then, 4 specles of dermato-

phytes have Deen imolated sud, dtogether with some of the
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more important references, are as follows:

T, mentagrophytes (Du Bois 1929, Parish & Craddock 1931,
Catanei 1942 snd Booth 1952),

T. guinckeanun  (Adamson 1909, Connor 1932,
Vanbreuseghen 1950 and La Touche 1959).

T, schoenleini . (Sabouraud 1908),

T, violaceum ms Achorion violaceum (Blasch 1911).

0f the 6 mice investigated only one, which was clinically
normal was positive bty laboratory wethods. Although numerous
hairs were examined only a few were found to carry a small
number of hyphae and T. mentagrophytes was isolated from the
case., In France, Du Bois (1929) described an epizootic, among
mice, of ringworm associated with T. mentamgrophytes. The eame
organism was iaolai;aé by Pe.rié‘h & Craddook (193;)« and by Booth
(1952) from laboratory mice in Britain and the United States
respectively and it was recorded by Catanei (1942) in miece in
Algexria, | Ny single case was a white mouse which was kept as a
pet by a young boy who suffered from ringworm due to T. ment-
agrophytes. L. guinckeanum was not encountered in mice although
it is established that they ere the reservoir for this in-
feotion. However, the number of mice examined in this series

was too smell to be a significant sample. Ringworm in mice
is not without imporitance if only because the condition is

transmissible to people who handle affected animals.
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Infection the chinchilla,

Only 2 species of dermatophyles, numely I. mentagrophytes
and M. canis, have been reported as causing dermatomycosis in
chinchillas, Blank, Byre, Plummer & Avery (1953) isolated
D, mentagrophybtes from chinehillas suffering from 'fur~slipping'.
Phose observers as well as lcPherson (1960) noted that a moth~
- gaten appearance of the coat was an carly sign of the condition
ahd that deasquamstion of the skin of the nasal region occurred.
Menges & Georg (1957) reported the isolation of M. canis from
& chinchilla., Twelve animals were examined from 10 premises
in the present serles and although all the specimens proved
negative by mioroscopical means, cultures of 1. mentagrophytes
wera recovered from 2 different premises. On the head of one
animal there was a bare patoh thalt inoreased from an initial
diameter of 8 mm. to one of 3 cms. within 2 days and was
associated with complets alopecie and desquamation of the ex~
posed skin. Pruritus wae not coneplewous since the animal was
-not observed to rub the lesion and the condition resolved
quickly afbor treatment by griseofulvin, The other animel, a
16-months o0ld female, showed a small erusty spot on the dorsum
of the nose. On yet snother premisecs, 4 chinchillas presented
.eiroular alopecic areas but repeated attempts to detect or to
isolate a fungus were unsuccessful, - Differentiation from. a

dietetic disturbance was not easy because the disappearance of
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the cutenoous abmopmelity in the last-mentioned animals
coincided with o dictary change, I the chinohilla, dermeto-
nycosie 4s potentinlly a meriocus disenss sinee anything which

intoxfores with the condition of the akin end hair 18 almost
sertain to affest adversely the marked walue of the polts,

Baudet (1932) imolated a faviform trichophyton (= T. yerp-
uoomum) swom sbove the left eye of & gont and Catanel & Lzao
(1943) wocoversd n large-spored estobhrviz fungus which, they
sadd, romenbled L. lsrweroni. % examined o apuoimen from a
kid and although & lares spored ectothriz dermatophyte was noted
op. the haira,; o oulbure whg not proouved. Pousaibly, tho fungue
was T, versucomum which had beent aoguired from cattle and wao
of mindnal wiability becauso of ite location on an unouitablo
howt.
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DLSCUSSION OF, AND CONCLUSIONS FROM, THE SURVEY
QI ANTHAT; DERUATOMYCOSES I SCOTLAND,

Investigation of 128‘ animaly, comprising the ox, horpe, dog,
cat, mouse, chinchilla and goet suspected of ringworm infection,
revealed that 344 (47.2 per cenb.) were positive, that only 252
(3446 per cent.) were positive both by microscopy and culture,
that 32 (4.4 per cent,.) were posiitive only on culbturse and that

60 (8.2 pox cent.) wers positive only by mioroscopy. Forty

five (75 per cent.) of the 60 spacimens which were only micro-
scopically vositive oame from cattle and this finding indicates
that there may he difficuliy in isolsting a dermatophyte from
hovine material that is known to be positive, Thie is due, partly,

to the fact thet T, verrucosum grows slowly snd, partly, to heavy

contamination that ususlly arises from saprophytic moulds and
baoteria., Moreover, if materisl hasg been recently treated with a
fungioldal dressing, the viability of the dermatophyte may he
adversely affected. In the early part of the survey before the
introduction of the cyoloheximide medium (Georg 19%3), there wez;e
15 microscopically positive omses in whioh the slow~growing
dermatophyte became overgrown by saprophytic fungi and haoteria.
During the latter part of the work 25 cames. in which & culture
was not obbainable had higtories of recent anﬁiﬂmgal troatment.
The material for examination was submitted by veberinavy
surgeons from anlwals suspected of dervatonycosis yet the proportion

of positive laboratory resulis varied greatly. In cattle there wers
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82.3 per cent. proved cases, in horses 27.6 pexr cent., in
doge 18.6 pox cent. and in cats 3T7.1 per. cent. Yho small
numbars of proved osses in horses, dogs and cats suggest that
differential diagnesis is more difficult in these animals and,
perhapy, that the lesions are not so readily debteotablie as they
" are in cattle. Bven in cattle, in which ringwornm lends i1teelf
to disgnosis on olinical signe alone, definitive diagnosis
requires other methods of investigation.

Dermatophytes wera isolated on 285 ocoasions and the
relative fraquency was as followss T, varruaasgﬁ,l95 (68,2

per cent.); M uanig,45 (15.8 per cent.); 2. mentagrophytes,
15 (5.3 per cent.); T. equinum,14 (4.9 per cent.); M. equinum,
6 (2.1 per cent.)j L. guinckesnun 5 (1.8 per cent.); M. gypseum,
1 (0.3 per cent.); Tz»mubﬁum,l (0.3 per cont,); Trichophyton
80P« 3 (0.9 per cent.). Thuse, not only were most of the
specinens identifiable as T verrucosum but also, nearly all
of the isolates of this dermatophyte came from cattle, the
remainder eriginatiﬁs from horses and dogs. Apart frém the
singla iselation of T, mentagrophytes from a calf, the only
dermatophyte found on cattle was T, verruocosum. Circumstantial
evidence strongly suggests that both equine and canine infection
by the latter fungus resulted from contact with infective
cattle,

li, conis ocourrved in only dogs and cate, from which latter

specios a slightly greater number (55.5 per cent.) of isolations
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was effected, Feczuse the ocanine legions were generally of
more highly inflammatory characier, 1t wonld appear that,
despite the speclfic name‘g§g$g,'the funeus is not as well
adapted to exist on dogs as it is on cets. Hot all cases
ghowed dingnostio fluorescence under Wood's light and indecd,
the phenomenon was not seen in 50 per cent, of 18 dogs amd in
25 per cent, of 20 cats. Uovertheless, Wood's light is useful
in the dimsgmosis of M. canis ringworm of those animals.

Ta mentogrophytes oceurred in all 6 species of hosts.
Most of the 15 isolations were made from dogs and cats (33.3
per cent. in emch) with additional solitary recoveries from a
oalfy, & horse and a mouse, The organiem was the only dermato=
phyte proeured from the mouse and the chinchilla, 8Since T.

mentagrophytes is a cause of human dermatomycosis its lack of

heat specificity constitutes a hazard to public health, although
infection of domesticated animals is less important in that
respect than is rodent infection,

All the isoletes of Ty eguinum were from the horse and,
since thiz dermntophyte has its specific nutritional require-
ments fulfilled by horse hair (George 1949)y one would not
expect to encounter 1t in other animals. In one case it was

found in association with M. eguinum and, although caseu of

dual infection are not rare in many it was the only instance of

its kind encountered in the survey., Thoere was not any
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clinical indication that the horse was affected by 2 disbinet
dermatophytes apart from the finding that tho lesions
associnted with M, eguinum finoresced.

B, guirckeanum was isolated on 4 occasions from cats
and oned from a dog but was not encountered in the few mice
examined although thone rodents are considered to ba the
réporvoir of infection for other animals as well as for man.
Both Mo sypseum end T, rubrum were obiained only once from a
canine source, an experience thet is rather surprising in
respect of My esypnoum In view of iis high incidence in dogs in
U. 8¢ A, and its frequent cccurrence in soils Te rubrum was the
only anthropophilic dermatophyte recoversed from am animal which,
in tum, possibly jcontracted infection from & human heing,

The incidence of ringworm was not clearly asseciable with
either sex in any of the animals investigated. CGenerally,
dermatomycoais was seen moré frequently in young animale, e.ge
calves, pups and kittens, but evidence wasn obtained that edult
animale also were affected, Since clinical signs are unlikeiy
0 recur on animals which have recovered from ringworm (ses page
111), the presence of lesions on adults probably indicates that
they had not been expoped to infection at an earlier stage of
lifes The prevelence of the disease in ‘the young did not apply
to the horses in this series since 11 (78.6 per cent.) of 14
aninals were over 3 years of agoe

In cattley the head, the trunk and the neck were ususlly
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involved but the limbs were seldom affected, The disease ia
spread mainly when an animal rubs itself ageinet an infected
snimal oy a contaminated rubbingpost and, since they are
unlikely to make such contact, the legs are less frequently
involved, In horges, areass subject to rubbing, such as the
rogions of the saddle and the girth were found to be most
often affecteds The lesions of tho limbs probably arose in
consequence of grooming, NWeither in the dog nor in tho cat wes
selective localisation of lesions observed although there seeomed

to baiéome correlation between the assocation of T. quinckeanum

infoction of the forepart of the cat and the role of the mouse
as the natural reservoir of infection.

Kral (1955) mainﬁéged that short~haired dogs were most
commonly affectsd by é;fvegggeaaum and, in ‘this series such
varieties were most often afflicted by ringworm of whatever
couse, However, since comparatively few long-haired animals
were encountered, it may be thet the type of the coat is not
altogether as significant as it may ceem and exposure to
infection would then remain the schilef factor in the ocecurrence
of the disense.

In the main, more cuses were encountered during the winter
months than during the summer. The majority of cases of
infection by M. canis in dogs, however, were seen between May

and Qctober, Bince most horses and cattle are housed during

the winter, the cpportunity for the spread of infection is then

gronter than at any other time of the year. On the other hand,
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the hovine dicease does nod completely disappear during tho
gumner months so that some dissemination of xingworm itakes
plage while animals ave et grass.

In the difforent species of animals, although the lesions
varied in severity, ringworm was cmsendially a chronic dermat-
igis attended by thickening of the skin and loss of haire In
cattle there was excessive formation of scab andy when the latter
was shed, healthy skin rvemained without any sign of residual
infections In the horse, encrusted lesions occurred mainly in

the few cases of infection by 9. verrmeosum bul wore never as

marked as they wevre in cattle. In horses, too, clinically
rvecovered animals did not appear o remain as carviers of
infections The lesioms of dogs snd cate varied Prom meve
slopecia to formation of a scab although favic scutula wers

congpicuons in infection by L auivckesnum, lven so, clinic~

ally normal dogs and cats cometiwes ghowed positive fluorescence
under Wood's light.
Beveral of the dermatophyte species which were imsolated,

are new host recordss Thusy Tu rubrum, L. gquinckeavum and M,

gypseun bave not previously been recorded from the dog in

Britain while the isolation of T, guinckeanum from & cat and of

B yorrucosum from s horse are now recerds fvom these animals

in Scotland,

The survey has provided informaiion concerning the occurr—

ence gnd the distribution of some dermatophytes among animale
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in Scotland, It has been shown, for instance, that T. verruc—
ozum is comwon in this area and that ringwornm of other animals
io not an imporiani velerinary problen although, should the
disease become established on premissy devobed to the bresding
of catsy dogs or chinchillas, serious consequences may follow,
In the cutb, inféaﬁ#mn way persist for as long as 6 monthe and
any abnormallty of the skin in chinchillag is an obvious source
of Josse A high incidenge of bhovine ringworm involves con—
piderable oconomic loss if only begause the salenble value of
affected animals is reduceds MNoreover, infected catitle con-
stitute an extensive reservolr of human infection by 2. verr—
ueosume  Ringwoma of domestde pets, rlihough 1t may be com
paratively uninportant from a velorinary yoint of view, in this
areay is another source from which man may contract the dizease.
Clearly then, ringworm of animals ia a matter of the utmost
inmportance to public health.

A pumbar of problems remain o be solved, Thus, wmany
aspecits of episzvotiology have yel to be investigateds Apain,
how does the diseasme persist belween outbreaks ? Are partic-
ular sites of the body affected or is infection of a random
tature ? Vhy is it that some cases of M. canis infection
fleoresce and others do not T Is the type Oflcaat of any
significance in the onset of canine ringworm 7 Further investe
igation dndo natural end artificial infectlon of animels by the
various dermatophytes ic needed before a satisfactory comprehen~

sion of dermatowmycosis becomes available,
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A _CORRELATION OF INMAN AND ANTMAL DERMATOMYCOSIS IH SCOTLAND.

Soma of the dermetophyies affecking mon are almosh com-

plately host specific ard they are only ravely found on sninals,

Suoh anthropopbilie specles inelude M. svdouwini, T zubrom,

T» schoenleinls T, tonsurans var, sulfureoun and f. violacoum.

@gpphilie fangi sueh as Te verrucosum, . mentacwopbyles and
| My oanie are éncountered most often on animale altbough they
are transmicsible to, and may couse ringworm of, man, Yot g
third group, the geophilic dermatophyies .o Ns gypocum end

Keratinomroes sjellol Venbreuseghem vhich ocour naturally on

soil can on occasion become pavasitic on man and animals
(Pawaon & Gentlos 1961).

The second part of the thesis deals with the public health
aspact of mingworm inaofar a many human infeetions ars attrib-
utable to dermatomycosis of animelss

The literature gl bthe beginning of the century showed a
kaoen awareness of the infectivity for man of dermatoéhyteﬁ of
animal origin (Zollikofer & Vienner 1908, Sahourand 1908).
Identification of the causal fungus from humans was generally
determined satisfacstorily but toe often the identity of the
dermatophytes affecting animals way left to conjecture. Vith
the xewawakening of interest in wedical and veterinary mycology

in the 1950%s the snimal ressrvoir of human dermatomycosis was



B0
stressed. Thus the surveys of Walker (1950), Carlier (1954),
Rook & Frain-Bell (1954) in Britain and Kaplen, Georg & Ajello
(1958) in the United Stales of Amerdcs showed that a high pro=
portion of human cases was due to voophilic fungl, Walker (1950)
apd Carlier (19%4) reported that guoh infection was wostly caused
by spocies isolated from dogs and cabs. Norsimer (1955) said
that, although cattle ringworm was the commonewst mycosils of
animals in Britain, mon was most frequently infected from dom=
estic pots. In the United States XKaplen gt al. (1958) showed
that many human infections were due to animal fungl end, in
addition, they reported that slthough M, gypseum was a, not
uncammon; cause of ringworm in animals, it did not appsar to be
an important human pathogen. Vialker (1950) maintained that
control of ringroxm gaused by =zoophilic fungli in man which at
that time accounted for 27 per cent. of all dermatophytoses,
called for the coroporation of the velberinary and medical
professions. Bix years later, the Nedleal Mycology Committec
of the Medical Research Council met a Committee of the British
Veterinary Association to discuss the possibility of inereasing
the facilities for disgnosis of ringworm of animals. (British
Nedical Journal, 1956)« About this time also, a group of
medical dermatologints, velerinary surgeons and mycologistis met
in Glasgow fo attempt & correleiion of human and animal ring-

woxm in the west of Scotland. In addition to the main purpose
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of the work of correlation, an opportunity of studying animal
ringworm was afforded since there had been little done in that
respect in Britain, the only survey bheing that of Ainsworth &
Avstwick (1955). Because Glasgow contained a large population
of domestic pets and was within easy reach of large numbers of
cattle it was felt that the suspected animal reservoix for some
types of human ringworm was availeble for study. Material from
dermaetologists wag submitted to Dr. Gentles of this University
while that from veterinary surgeons was investigated by wme,
The lahoratory procedures were conducted separately but there
wag close collaboration with Dr. Gentles for the correlation
of ocases.

The results of the first 2 years of the work were publish ~
ed (Gentles & 0'Sullivan 1957b) and since then, additioral data

have been added on a further 61 cases,

JNFEOTION DUE T0 T, verrucosum,

0f the 115 cases where T, verrucosum was isolated from

human patients (Table 16), 45 suspected animale were proved to
be infected with this dermatophyte, 9 were found to have a
large-spored, ectothrix infection and T were known t0 have been
c¢linically affactea although free from infection when examined,
Specimens were not obtained from 50 of the cattle although the

animals were reported to have been cliniocally affected. On 4
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TABLE 16,

Summary of results of 224 cases when an animal was suspected to be the

gource of & human ringworm infection.
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occasions contact with animals was denied and with the excepte
ion of those 4 eases there is little doubt that all of the

infections by M. verrucosum in man, (111, 49.5 per cent, )

originated from cattle, Walker (1950) recognised that T,

verrucosun was the commonest cause of bovine ringworm in

Britain and that infection in man occurred in agricultural areas
all over the countrys Rook (1956) in Cambridge found that 82.5
rer cent. of 40 human cases were in eithor direct or indirect
contact with catile kmown to be infected. In rural areas of
the United States Georg, Hand & Menges (1956) noted that T.
verrucosunm and T, mentagrophytes were the causal fungi of human
infections fo an almost equael degrea. There was a correlation
between infection by T. verrucooum and the oceupation of the
patient in the present series in that the affected adults with
3 exceptiong, were farm workers and all affected children,
exocopt 1, lived or played on & farm. Valker (1955) recovered
the organism from infected skin scales on rubbing-posts and
there is no doubt that in addition 4o direct contact with
affected animals, indirect contact with fences, wooden partitions
in calf-pens gic., 1 responsible for some human infections,

The highest rate, namely 51 per cent., of infections in
human patients occurred between January and April while only
16 por cent. of infections occurred during the last 6 wonthe of

the year (Gentles & 0'Sullivan 1957b). Georg, Hand & Menges
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(1956) reported that 83.9 per cent. of 31 human cases wers
encountored between November and the end of April and that
during this gericd 8146 por cont. of 15391h$fds of cattle
wera affectad as againét 18,4 peor cent. of the herds from May
until the end of October. During the winter months while the
cattle aro housed, farm workers ars in close ocontact with inp-
fected animals and the high incidence from Jenuary to April
is not unexpected. On the other handy during spring and sunmey
there is less contact between humans and the lesions of affected
animals not only because the animals are at grass but because
there arve fower lesions on the eattle and consequently there is
e lowey incidence of human infection at that periods The head
and neck of cattle have been shown %o ba the rarts most freguent—
ly affected (page 17), while in man the arme were infected in
nearly 50 per cents of cases (Bentles & 0'Sullivan 1957b). This
relationship is underatandable gince catile attendanis, working
with bare smms, come inte close contact with the forepart of
animals when tying them up or restraining them for various pur-
voses such ap tuberculin~testing or vhen actually treating leaions

off ringworm.

INFEOTION DUE 70 Ty mentasrophytes.

In contrast to infection by T, verrucosum where the source

is catile, the origin of human infection with T. mentagrophyies
ig aifficult to find, Inende & Webb (1937) isolated
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Ty_mentacmopbyios from catile in Britein aﬁn subsequently the
eomnon beliel was that those animals were often aflfected by
thot fungus, Howover, it wes noted (poge 14) that its ccourr-
ence oy cattle in Britaiﬁ is rare and Hhis view is chared by
Alnsworth & Avstwick (195%z) and hy Sellers, Sinclair & La

fouche (19%6), P mentacrephyies hes, in fact, a very wide

wnt range Georg (1954) roporting it from the oat, guines-pig,
chinehilis, fox snd opossum, PBlanlk (1955) oxtended the list

o dnclude the howvse, dog, mouse, rat, rabbit, squirrel, muskrat
and fallew deer, MoPherson (1958) recovered it from dermato-
mycosie in the pig and Marples (1941) imolated it from hedge-

hogs, )

finece Ty mentagrophyios 1s a cormon dermatophyte iv man
there has been considerable specunlulion regaxrding its source,
Poare & Chosseman (1953) and Carlier (1954) stated thatb cattle
weve the probably sourne of infection, by that dermatophyie, in
mon and Rook {1956) believed that some humen infections by it
wera indisputably Lrom cattle. Howevew, boving ringworn due to

T. monizerophyitos is o rare in Britain that cobtle sre not the

usual soures of that type of human infection. The commonest
animal hostn sre redents (Ceorg, Hand & Venges 1956) and it has
heen estoblished (Inentes, Bosch & Poudet 1954, Georg gt al.

1956, YLonsdale 1958 and Wackenzie 1961) {hat they way carry

the fungus without olinicel evidences. It iz of dntersst thab
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the only correlated case of infeetion by T mentagrophytes,
in my series, concerned a boy and his pet mouse the latter
showing colbtural, tut not clinical, evidence of infection.
Two dogs, suspected as sources of human ringworm and which
waere negative by laboratory methods, may alsc have been
examples of clinieally normal carriers bubt it s more likely
thet they were instances of wrong sources for human infect-

long having been suspected.

INFECTION DUB 20 s canis.

M. canis 4s & common cause of ringworm in cats and doge
(Zollikofer & Wenner 1908, Georg 1954, La Touche 1955b) and
there are many records of lis transfer to human beings
(Savoursnd, Suim & Suffran 1908, Merples 1951, La Touche
1952), On 15 occasions animals, suspecied as being the source
of Y canis infections in humans were investigated and 1t was
confirtied that 6 patients hmd bocoms infeated from animals
namely, 3 from dogs and 3 from cats. Since the only reservoir
for this {ype of human infection was cat and dog my results
agree with the general opinion that domewtic pets are respong-—
ible for the spread of this mycosis to bumans, - Only 2 prem-
iges were traced as the origin of human infections and on
each occapion the disease in the animals was of episootic

character, there heing a totel of 15 cats and 14 dogs affaected,



87.

The outbreek in dogs was described on page 43 of this thesis
and the other premises which houged 24 cats and 6 dogs had
15 infected cats and 1 infected dog (see page 60)e In those
2 outbreaks, 0 adult cats and 3 adult dogs were affecteéi;;ﬁ“
although thewe is litile doubt that the disease ocourp moze
frequently in young snimals, tho age immunity is not as solid
ag that olaimed by Beare & Cheeseman (1953).

The small number of correlated cases indicates that M.
ganis ringworm is rpre in the west of Scotland and further
evidence of its scarcity was reported on page 60, in regard
to the investigation of cats brought for destruction to a
veterinery clinice. In addition, in the survey reported in
Part I, there were only 45 (15.1 per cent,) isclations of

that organism from 326 dogs and cats suspected of ringworm.

INFECTION DUE 10 OTHER DERMATOPHYTES,

Bodin (1898) said that human infection with M, equinum
wes of a mild nature and Babouraud (1908) noted that there

woere few vecorded cases of T. equinum infection in man,

English (1961) reported that 4 out of 7 people at risk with

horses infected by T. esquinum had mild cliniocal lesions and

that T. equinum was recovered from only 1 of the patients.

Twp people, in the present series, became traneitorily

affected with ringworm probably acquired from horses. One

was the owner of the animal reported on page 30 where infecte
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ilon was aesociated with 2 dermatophyte ramely, M. eguinum

ard . equivue and only microscopic evidence of Infection

vwas obbained from the human patients The second pevson,
poslielve again only on direot emamination, wis in close

gontact with a noise infected with T. ¥BIRUCO S,

My, oudovdnd, ¥ rubran and T, fonservans var. gulfursusm
wers isolated from 16 pabtients who maintained thay their
infegtions vers soquired from animels, On each occasion fthe
animal In question was dwnvestlgated and it was established
that those demmatophytes were noh present on the suspected
aninais. ‘Phus, corvelation bebwsen the humen pnd anival
infection was not obtained in those 16 cases snd it is clear
ihat, without cultural investigniion of both huwen and aniwel,
such cases might well have been wiiribubted, on purely ciroum—
stantial evidence, Yo the suspoobed animal sources On 7
occasions (Table 16, page 82), snimaly were wrongly suspected
as the soures of humen infectiou baecause T peodle maintained
that catile were the source of thelr ringworm apd although

the cattle were indeed infected (with T, vermvcosum) the

bumang harboured quite different dermatophybes :mnxeiy, T

nentagrophyies 3, M, carvis 3 and T. tonsurans vars svlfureum 1.

Trom thoe results it is clear that catile ave the main
ragervolr of human infections by zoophilic fungl in tho west

of Scotlande This is understendable because 1t is mainly an



89.

agrioulbuval ares, with many deairy farms and some beef herds
of caltle, whore the incidence of bovihe ringworm is high.
Horeover, it seems olear bthat the incidence of ringworm in
caty dog end horse is low in this part of Britaine Small
animals were named as the source of 36 human infections but
only T of such cases were rolatable to affected animals

nemely, Mo coands 6 and B mentagroohyies 1 (see Table 16,

vogo 82).
SUMMARY AND CONCLUSIONS.

The resulie are given of an investipabion, iIn the west
of Scotland, of BR4 cases of human ringworm which were sus-—
pocted 4o be of animal origin, Dermatophybes were cultured
from 169 (75.4 per cents) human cagses and +the isolates weres

Ps_verrucosum 115 (51.3 por oent.), T meniacrophytes 23 (10,3

per cents )y My canis 15 (6.7 per conte)s L. tonsurans var.

sulfureum 9 (4.0 per cents)y Fo_rubrun 6 (2.6 per cent.),

M. audowini 1 (Ou4 per cend,)s Thue, zoophilic dermato-

shytes were isolated from 153 (6843 por cents) and anthro-
pophilie species from 16 (7.1 per cent,) of the humans.

On %2 (23.2 per cents) occaslons the same dermetophyte was
cultured from the human and suspected animal while in 6 (2.7
por Gents) cases a different zoophilic fungus was isolated

from each source, Oattls were found Vo form the main animal

reservolir of human infection, there being 111 (49.5 per cent,)
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cases correlabed with ringworm due to T. verrucosum in

humars, That conclusion is contrary to the views expressed
by Walker (1950) whoge suvvey covered Britain, Cariier (1954)
vorking in Birminghow and Mortimer (1955) in Cambridge who
have said that the domestic pet is the most fréquent source
of human infectlons wlth zoophilie fungl.

Tn all, there wers 95 (4244 per cont.) animal cases
confirmed by culture, the derwatophytes being T vervucoguu 87

(2848 per cents), . montaswophytes 1 (0«4 por cent.), M. canis
6 (2.8 por cent, ), M. oquinum & T equipum 1 (0.4 per cent.).

An anthropophiiic derwatophyte was not, on any ocvasion,
igolated from an animal, A small-animal source, namely dog,
cat and mouss, was confirmed for only 7 human infections.
Kicroscopical but not cultural evidence of human infection,
contracted from a horse was noted., None of the humen infect-

icns with Ts _mentagrophyles was found Yo originate from cattle,

It is confirmed that in this area, animgle form a reservoir
of ringworm infection but that caitls rather than emall animals,
for oxample domestic pets, are the main source of human infect-
ion. DEvidence has heen produced that a number of human infect-
ions may be wrongly attributed to an animal sourece o 1o a
wrong epacics of animal. Mull cultural investigation of the

huwan being and of the aniwal should ohwiate these errors.
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PART IIY,

TREATMENT OF DIRMATOMYCOSIS IN ANTMALS.

Since the lesions of dermatomyoosis are superfioial
and genorally readily visible the traditional method of treat=
moent has been the topleal apprlication of various medicamantc.
There have been many such substances recommended but none has
proved satisfactory under controlled experimental conditions.
MoPherson (1959) examined over 150 preparations, in vitro, in
an attempt to find a cure for bovine ringworm but with 1little
succens. O'Brien & Sellers (1958) with similar lack of
succesn, tested some racommended proprietary, antifungal drugs
by topicnl application. The intravenous injection of sodium
iodide was found to be inefficacious (Ford 1956) and Jones, as
quoted by YcPherson (1959), found that 78 different treatments
have, from time to time, boen advocated. It is established
that spontaneous oure of hovine ringworm occurs approximately
4 months after initial infection (0'Brien & Sellers 1958) and
since it is often impossible to know the exact stage that the
lesions have reached 1t is difficult to assess satisfactorily
the merits of any treatment. The position was accurately
sumnarised by Pillebury (1955) when he said "the general lack
of specific, chemotherapeutic, antifungal compounds 1s nowhere
better illustrated then in ringworm."

The fallure of topieal treatment o ocure the

condition was not due to the inability of antifungal agents
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to arrest the activity of the dermatophyte but because they
éauld not penetrate ‘the keratin of the skin (Barlow 1958) and
so reach the invading fungus. The continued ineffectiveness
of topioally applied drugs led Wilson (1955) to say "the ideal
sntifungal drug even for the superficial mycoses would seem to
be one which could be safely administered internally in amounts
sufficient to endow the cells eventually destined to produce
keratin with power bo yesist fungl completely, this power
peralsting as they became keratinised, and the drug thus eﬁerting
its effects from within outward." It was therefore of the
greatest importance when Gentles (1958) reported successful
treatment of experimental infections, due to M, canis and T.
mentagrophytes, in guinea-pigs by the oral administration of the
antibiotioc, griseofulvin.

Griseofulvin was first reported by Oxford, Raistrick

& Simonart (1939) as a metabolic product of Penicillium griseo~

fulvum. Brian, Curtis & Hemming (1946) isolated, from P.

janczewskdd, a substance which they ealled *ourling-factor!

because its fungistatioc action was assoclated with malformation
of the tips of growing hyphae. Grove & McGowan (1947) showed

that 'curling-factor' and griseofulvin were idenitical. The
ohemical struceture was established by Grove, Macltillan, Mulholland
& Rogers (1952) who described it as a thormostable substance

insoluble in water but soluble in acetone and in chloroform and
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with the formula ¢ 7 -~ chlore = 42 6: B' = {trimethoxy =6' -
methylaris « 2% « gn = 3 3 4 ~ dione. There wers indications
that the antibiotic was potentially of value in ithe treatment
of fungal diseases in plants (Napler, Turner & Rhodes 1956)
and subsequent fisld trials proved succemsful (Rhodss, Cross,
MoWilllam, Tootill & Dunn 1957). Brian (1949) demonstrated
that 4ts fuangistatice proportien wore oxeorted on the chitin com-
ponent of cell—=walls and that it was ineffootive against thoss
fungl which had collulose gellwwalls. Ho also showed that since
it only affected hyphal tips there appeared o0 ba no translosation
of the antiblotloc within the hyphae. However, Blank, Taplin &
Roth (1940) said that itn offoots were greater than those reported
by Brian and that the actively metabolising, fungal cells wore
killed bub that older aells were not so drastically affected.

The presence of active griseofulvin in the hoir of
guinea-plgs, given the drug orally, was reported by Gentles,
Parnes & Fantes (1959) thers being approximately 6 pg. of griseo-
fulvin por gram, of hair., Beeoause their extraction methods wers
insufificient to break chemical bonde these authors postulated
that the drug was not chemically bound to; but was in some way
incorporated in, the keratin of the hair. Gentles & Barnes (1960)
said that the compound was deposited in the keratogenous cells of
the skin and halr and that the unchanged griseofulvin which

remained within the cells when they differentiasted to kewatin
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would persist and thus render the koratin resistant to fungsl
invasion,

It would thus seem that griseofulvin behaves cxactly as
Wilgon (1955) prophesied that the ideal antifungal drug would
acts It can be given safely by mouth, it is taken vp by the
keratogenous cells of the skin and hair and thus exerts its
funglatatie action from within ouitwards.

(1). TREATMENT WITH GRISPOFUIVIN OF EXPRRIMENTAL
INFECTIONS DUDR T0 U. verrucosum IN CATTLE.

Following the successful trestment of ringworm in guinea-
pigs by the oral administration of griseofulvin (CGentles 1958)
1t was decided to test this subsiance in calves, artificlally

infected with T, vorrucosum. Ringworm in cattle is widespread

in nature and is an imporitant reservoir for human demmatomycosis
(Gentles & O'Sullivan 1957b), hence a specific cure is desirable,
An orally administered drug would be adventageous becauge ‘the
topical application of antifungal substances to large aveas of
many cattle in an infected herd is time~consuming. It would
algo be of interest to discover if an animal with a digestive
apparatus guite different from thet of & rodent could be
successfully cured by an orally administered drugs The

decision to use experimentslly infected animals and not to

start with a field trial of established infections, was in

order to know the exact date of the infection and so obviate
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the indecision ap to the possible efficacy of the dwrups Thio
trle) was done in co-operation with Mr. L. M, Lauder and was
reporied {(Lauder & 0'Sullivan 1958}« I was eatablished that
60 mge/kge of griseofulvin when given pexr oss daily, for 5
weeks gtarting on the day of inoculation, prevenied the estab-
lishuent of infection, Cslves which were inocculated on the
same dey and which recelved no treatment developed lesions
typical of ringworm. Those animals were then freated with
oral grissofulvin and they were oured at the end of 3 weeks!'
treatment, Beotions of biopsied slkin showed that infection
was ostablished in the hair-follicles 2 weeks before the appear—
ancs of the clinical signs of the disemse and conversely that
in the process of cure the fungel eclements had disappeared from
the follicles although the infecied scab was etill present on
the skin surface (Loudor & 0'Sullivan 1958).

Although the drug prevented the establishment of infection
on the incceulstion sitey bthe opiimal dosage schedule was not
asgortained; also, the proteation afforded by griseofmlvia was
not challenged by oubsequent experimental inoculation and
although treatment of cstablished infection was successful, the
number of treated animals was small. In another oxperiment,
therefore, also done with the co~operation of Mre Lauder, 19
heifer calves (17 Ayrshire and 2 black and white, cross~bred

animals) and an Ayrshire bullecalf, all 2 months old, were
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housed, Tef, and inoouloted with T. verrucosum as in the
previous experiment. Dlopsies were tolken from the affected
sites and processed s previously (Louder & 0'Sulliven 1958)
with the addition thet the slin seetions besides heing stained
by heenatoxylin and ecsin and perdodic-acid Schiff were élso
gtained by toluvidine blue to examine for any increase in nast
cells,

Pive and a half wecks after incculations 19 of the calves
had developed marlked clinical lesions with hisiological evidence
of dermatophyte infections The remaining ealf, apanrt from
olight early scaling, did not show elinical or microscopical
evidence of infection and se it was withdrawn from the oxper—
iment, The affected calves were divided into 5 groups and
eriseofulvin was administered 3t therapsubic and also high-level
doges for H to 80 days as shown in Table 17. The high-level
dose, approximately 6 times the dosage which had cured the calves
in the first oxperiment, was given io test for possible foxic

ragobions,
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TARLA 17,
DOSING SCHEDULE FOR ADMINISTRATION
OF GRISEOFULVIN 90 CALVES,
EXPERTHENTALLY INFECTRD BY T, vorrueomum.
Iuration of
Group | Calves Dosage Tyreatmont
o 3 50 wpe kg 5 days
II - 3 45 >n 1(} {4
IIY 5 45 w 20 v
IV 4 | 30 o 20 "
V 4 e e ] W -

Resultss:
(). Higtologricals

Of the 4 groups of itreated animals, infection was not
present in Group IX, 14 days af'ter the start of 10 deily
doses at 45 mg./ke. and the remaining groups showed reducad
infection at this time (Table 18). There was not any follicular
infeation in Groups II and TII, 21 days after the start of 10
and 20 daily treatments yespectively at the dosage rate of
45 mg. fiige and infection was then minimsl in Groups I and IV,
Infection in Group I was confined to one calf (Mo, 37) which
had received 5 daily treatments at 50 mg.fcge and infeclion was

not prement in this calf after a further 2 wesks., Two of the
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TABLE 3.8&
PHRROENTAGK OF INFECTED HAIR~FOLLICLES IN CALVES INFECTED BY
Ps_verrucosum AND TREATED WITH ORAL GRISEQFULVIN,

3 e

croup| cate | DAYS AFTER START OF TREATMENT,
No. ‘ ' 1
o3| 5| 7)0|12 |14 |16 18% 21
Mobea f3s || 77 |- fe [-{-1¢
] 37 78 188 ~« |36 |~ - 12 q4-~1~-112
Avge.| 67 |61 22 |21 |5 {2 0.3
3 J72 50 [26 ] 3fr |~ o J-]-}o
x| 3% 2 11 | -~ L aj- | =fe |~]~-10
36 : 70 - 42 o 4 - - - - 0
Avgas | 56 [30.5] 34 | 3.5 2.5 jo 0
22 |56 l62 |50 J16 ]|~ Jo |~f-1o
43 | 61 |56 | ~ | ~| =}~ J21 }|-|~}]o0
Hiva o=tz |- ~-]-1=- J=-|-}o
49 63 - - 10 ad - e o o 0
5G 10~ - - ""' 7 - e - e O
Avge. |53 |59 | 46,5113 [8.5] 1 0.5 o

31 70 |60 30 127 |16 [14 15 141510
32 | 8o fa3 } - | ~fio | - | « Ja3]-] 3
Wi bt j- 13 )~ ~Js | - ]=fa]ex
A1 0 |- |}~ Juwp-j~-} 8 -f-]2
Avgé.. L 132 -1 23 133 ) 2

aa | 70 | A 6
46 la |~ leafso|~-|~1~-1=-]-hs
a7 6 f- |~ | -Jaof-] ]~
48 |65 |- | = - -]~ faa -]~}

. Ange » 69 ‘ 230 ;‘
( -~ ) = Fo biopsy taken; ' * oo Killed for'necrapsy.
0 = Infeetion viot present in follicles.

I

sssmwepme = Duration of treotment with grisenfulvin,
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Bovine ringworm. T.S. skin to show epiddgrmal
oedema (spongiosis). P.A.S. X 600.

«

Bovine ringworm. Proliferation of stratum
malvighii of epidermis (acanthosis). P.A.B.

mf

x 180.
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3 calves in Group IV, on which lesions porsisted 3 weeks
aftor the beginning of 20 daily treatments aﬁ 350 mg./kg.,
were thewn killad for svidence of possible toxic offects of the
drugs The remeining infected animal in that group wee clinic-
ally cured in a further 3 woeeks.

The effects of the proliferation and extension of the
dermatophyte inoluded spongiosis (Fig. 19) and acanthosis
(Fig. 20) with some hyperkeratinisation, The surmounting of
dermal papillae by stratified accumulations of parakeratotic
cells dilated with serum, as described by Sellers, Sinclair &
La Touche (19%6), can be seen in Fig, 21, The bases of the
hair-follicles became wmarkedly increased in volume because of
cellular infiltration (Fig, 22)¢ There was not any increase of
dermal comective tissue alihough %he volume became greatbly
enlarged by oedema and the accuvmulation of histioeytes and lymph=-
oeytes (Fig. 23). MNicro-abmcessos were occasionally seen in
association with infected follicles (Fig. 24)s The numbers of
eosinophils and plasma cells were increased but mast cells were
not seen at any stage. Growith in volume, due to increased
aotivity, of the sebacsour glands togethor with the dilatation
of the apocerine (sweat) glards contributed to the thickening of
the skin, Iungal invasion of the sebaceous glands, as re-
corded and illustrated by Sellers gt al. (1956), was not

observed,



Fig. 21. Bovine ringworm. Swollen parakeratotio cells.
P.A. S. X 160.

## &

Fig. 22. Bovine ringworm. Cellular infiltration at the
bases of the hair-follicles. P.A.S. x 220.
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Regresaion to the nommal state on itreatment with griseo=-
fulvin took place by dermatophybe components being carried out
from infected follicles with the growing hair, followed later
by the casting of the accumulated serb containing viable fungal
 elements, Decresmse of the dermal cellularity and of the epider-
mal and dermal oedoma completed the henling processe %ith the
casting of the opidermal scab there was 1littley if any, scarring
since the epidermis had not been destroyed and replaced by
connective tissue during the disease process,

(b)e Clinical. |

At the end of 2 weeks from {the time of inoculation changes
were recognizable in only 2 animais, the skin at the site of
infection being more difficult to pluck into a fold. At the
end of 3 weeks similay changes were palpable in 50 per cent. of
canes, skin soale was excessive in 70 per cents, some loss of
halr was scen in 20 per cents and evythema with or without a
fow small blood scebs in a few animels. Twoe of the animals did
not have deotectable lesions. At this time 1 calf had slizht -
lesions which disappeared completely in the subsequent 2% weeks.
At the end of 5% wecks, 19 animals'hadvdeveloped lesions with
marked loss of hair and formation of grey scale or crusti. There
wag o good deal of erythema of the éﬁaas na% yet overlaid by
sople and sone rawnesy and bleod scabs associated with lick marks

were visible, Measurement of e fold of skin at the begimnning and
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Fig, 23. Bovine ringworm. QOedema, and increased
cellularity, of the dermis. P.A.S. x 160.

‘.."i‘a wod i A

Fig. 2«. DBovine ringworm. Micro-ubscess in association
with an infected follicle. P.A.S. x 170,




101.
end of the 5% week period showsd an average incresse of
thickness amounting to 27 per cent, Ilosions, vhich ovcurved-
elsewhere than at the experimental site in 17 animals, varied
in size, number and distribution on individugl animals butb
Were cammonesﬁ under the chin and on the neck, while the body,
the perineum and limbs were less often affected.

Pive and a half weeks after inoculation, treatment began
on 15 calves (Table 18, page 98). At the end of 1 week's
treatmont there was 1little, or no, change in the treated animals
but &t the end of 3 weeks all the animals showed a distinet
improvement which was rather leoss warked in group I, The
average wneasurement of a skin-fold reduced by 12 per cent. “
The lesions of fhe aninels in the untreated, conirol sroup |
became more exbergive during this period and the thickness of
the skin woas inoveased by 12% por cont. Clinice) examingtion
was not carrvied out during the next 3 wesks but at the end of
that time, that ls, 6 vweeks aftoer the start of treatment, all
but 2 of the treated animals wore cuveds The 2 exaeptions,
Nog, 37 and 38, both in Group I, were almost cured bui ratained
small arcas of crusts

Threo weeks after the start of trostmem 1s0. 8% weeks
after initial incculation, while the 4 calves in the conirol
group were clinicelly afTectied, bthey vreceived treatuent at the

following levels: 3, 6, 14 and 24 mes /g for 6 days. The
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2 which received 14 and 24 mg. /kge showed no sign of infeotion,
histologically, 14 days afier the start of treatment and they
ware clinically cured in a further 1 to 3 weecks, During this
period the 2 c¢alves which received the low and apparently in~
effective desage (3 and 6 mg, fkee) retained clinical leslons
and were affected for a further 3 weeks.
(¢)e Re-inoculation Fx eri. enbs

Bight and a half weeks after the initial inoculation, an
attempt was wade to reinfect 18 of the ealves with field
matorial from a source different from that of the origingl
inocolum, A suspensgion of ringworm scab vag applied te a
clipped area on the left croup and 3 wecks later, 14 calves
were clinicslly positive but in a further 3 weeks only 7 beasts
showed evidence of infection, In those animals the lesions,
vhich werg mostly minimal and more »eandily discovered by pale
pation fthan by inspection, congisted of some small blood secabs
with perhaps & little extra scaliness and a darkening of the
gkin pigmentation. Two animals, Nos, 42 and 45, had more ohvious
lesions accompanisd by 1ossnaf ha1r. In the former thers wasg
alse encrustment which persisted for 2% months and it was the
only animal the lesion of which was positive both histelogically
and on examination of material macerated in potessium hydroxide.
Calf No, 42 was re-~inoculated, on & fresh site, 2 wmonths after

the first ehallenge inoculation and that time it failed to



develop any lesions.
(d)s Toxicity:

Paget & Walpole (1958) reperted that in rats, given
massive parenteral doses gug 2 gms/fkg. intraperitoneally and
100 o 200 mg./kg. intravemously, there was inhibition of
nitosis of actively dividing cells which was especially marked
during spermatogonesis. The calves in this series gained
woight noroslly and did not show any signs of illness. Thoge
in group IV received a large dose of griseofulvin, approximately
6 times the estimated therapeutic dose, in ovder to revesl
possible toxic effects, Oxalated blood samples were examined
from all the animals in this group at the beginning and end
of the 20 day poried of mdministration of the drug, DBlood was
also taken from 6 other animals at the end of the period of
treatment, P.CiV., haemoglobin, total red and white cell
determinations were wade and the only abnormality oecurred in
calf No. 41 which received the h;gh dosage. Total red cells
dropped from 8,500,000 to 4,100,000 per o. mm. and white colls
from 12,000 to 5,700 por c. mms Higtologloal examinetion of
tigeues from calves in the high dosage group did not reveal
any abnormality in testis, liver, spleen, lymphatic glend, small
intestine or boene marrow, It ie clear that oral adwministration
of doses ranging freﬁ 45 mg. Aege to 350 mga/kgg per os is noid

attended by any signs of toxicity in cattle. Paget & Valpole
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working with laboratory animel reporbed in 1960 thet orzlly

administered griseofulvin was non~foxic.

Farm X3

During the winter of 1958~59, in association with
Mr. Lauder, I had sn opportunity of observing the epizootiology
of ringworm eccuiring under natural conditions among cattleos
'The herd consisted of 150 beést$, mainly Friesian bull-calves
and tullocks with & fow Ayrehire animals. Young calves, one-
month old, were bought in and after passing through a series
of calf-houses with animals of the same age they were put on
the hill at the age of 18 months. Ringworm was an important
problem on this farm and at the tine of my first visit, a
nunber of animals were affecled, some showing the blood-scabs
typiecal of early infeotion while others presented the asbestos=
like scabs of mature leosions. PFrom these latter, T, verrucosum
was isolated,

Grisecfulvin was being used on cattle, experimentally
infected by 1. verrucosum, at the time and it was thought that
the drug misght be bested under field conditions. The drug was
given by mouth, daily, for 14 days in a saccharine suspension
at approximately 45'mg»/kgu body weight. At the begimning, the
antibiotic was given individually to each animal but later it

was incorporated in the ration of milhwsubstitute given to
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groups of calves.

Field txials puch as this are often unsatisfactory because
the identification of individual animals is sometimes left to
guasswork by the busy stockman and the dosing of the animals
mey occasionally be overlooked. Despite thome difficulties it
wag noted that of the 62 animals clinically affected and treated,
39 (62,9 per cent,) were cursd 5 to 6 weeks after the start of
treatment and at that time a further 12 (19.3 per cent,) were
markedly improved, there being no crusty scabs present and the
lesions showed mainly some seoliness. The remaining 11, (17.7
per cent,) animals which were improved 6 weeks after the
begirnning of treatment were clinically nommal in from 12 to 16
weekss Since this period is about the same as that for
spontaneous recovery it was thought that perhaps the treatment
had not followed the prescribed course in thoge animalse

On 2 coc¢casiong there wag evidence of peossible reinfection,
One animal which had been cured, showed & lesion above the left
eye 19 wecks after the beginming of treatment and meterisl from
it was positive by direot microscopy but & culture was not
obtained, In the other case, the original eye lesions had
disappeared 5 weeks efter the commencement of treatment but in
a further 16 weeks a lemion measuring 1 cm. above the right
eye and another measuring 0.5 cm. to the right of the nose were

seen, A scraping from the leslon near the eye was negative on
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lahoratory examination.

Daring the peried of freatment newly arrived animals,
whether alffected or not, were given griseofulvin and animals
in contacht with clinical cases were also treated and so the
prophylactic property of the drug was utilised. In previous
years when the animnls were put t0 grass most of them were
grossly affected with ringworm. In marked contrast to thim,
in April 1959 after the animals had heen txeated succeassively
during the previous winter, only 6 out of 150 heasts (4 per
cent.) were showing lesions and thoaé wvore minimal,.

Parm T2

The aninale on this dairy-farmm pumbered 52 and compriced
the follewingt 4 cows, 1 bull, elghteen 9-months old bullocks,
twenty-rour 18~months old heifers and 5 18-months old bullocks,
Thoge mainly affected with ringworm wore the 10-months eld
animals which had widespread lesions, on the head, neck and

hindguarters, {rom which Ty verrucosum was isolateds Twelve

of the heifers were given griseofulvin at the rate of 20 me./
kge Tor 8 days and a sinilar number was left untreated, Hleven
days after the beginning of treatment, and without my knowledge,
all wera scrubbed with washing soda and a proprietary, anti~
fungal preparabion applied topically to all the affected animals.
Seven weeoks after the atart of hreatment, some of the animals
vhich were worat affected were sald %o be thoge which had been

given griscofulvin. Six weeks later, one animal in the treated
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group was still badly affected but the othexs were improved
although some crust remsined on a few animals, Identifiocation
of the animals proved very diffioult on this fam and I was not
sure that treatment had been administered in the manner that
iﬁmwaﬂ roconmended.
Farm Z:

On this farm 4 Aberdeen-Angus bulle, 8Bemonths old, which

were being prepared for the Hpring sales were noticed to have

lesions of ringworm from which T, verrucesum was isclated.

Noné of the animals was badly affected but areas of greyishe
yollow orust, up to 2.5 cme. in diameter were noted on the

head, neck &nd tyrunke Four wecks after a T-day course of treate
ment, at the rate of 20 mgs/kgs s of griseofulvin per os. there
was a noticeable lmprovement. New hair was growing but some
orust was still present on & lesion near the eye and there weye
gome gyrey scales on a lesion of the shoulders A scraping from
the eye lesion was microscoploally positive but falled to
produce a culture. Herapings teken on the same day from lecions
on 2 other animals proved to be culturally and microscoplcally
nogative. Four weeks later, j.o. 8 weeks from the start of
troatment the animals were colinically clear a2lthough nob
examined by me..

(3)e TREATMENT, WITH GRISEOFULVIN,
OF RINGVORM TV SHALL ANINALS.

The drug was given in spontansous casges of ringworm of

4 dogs (3 boxers and 1 fox terrier)s The boxers were affected



108,

by B meniadrophytes, Y. verrucosum and M. gypseum respeetively

while the fox terrier showed lesions associated with M. canis.
Treating the dogs with 30 weow/kgs of griseofulvin daily for 2
to 7 wecks, the period of cure from the stert of treatment wass

7, mentasyo ag infection 10 weeksy T. verrvcooum 7 weeks, I
« b Q-3 SA L -2

canis 3 waek% and M. gypseum 2 weekos u
Lo Touche (1960) and MacPherson (1960) have reported thatb
grigeofulvin cured dermatomycosis of chinchilles. I had one case-

in which infoction with T. mentegrophytes showed a gulck response

to the administration of the druge A bare patoh, 3 cus,. in
diameter, on the hend of an affected animal started to TOLTOW
hair within 7 days of the start of daily treatment at the rate
of 40 mgy /ka.

The elimination of feline dermatomycosis especially of
that caused by M. canis, is of greal importance particularly
because the cat is the main reservoir for i, canig ringworm of
man (Marples 1951, La Touche 1952, Gentles & O'Sullivan 195Th).
In a gtudy of the use of griscofulvin in the treatment of
artificlally<induced infection by M, canis in cats (0'Sullivan
1961) it was learned that the mean duration of cliniecal signs
in 6 treated cats was 125 days as againgt 79 days in g control
animal (Table 19). The mean duration of fluorescence vas 24
days from the start of treatment in those animals which

rageived oral and topical treatment and which had their haiy
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clipped while it was 90 days in those receiving the drug only

by mouth., Positive cultures of M. canis wers recovered for 55
days in those getting oral and topical treatment and having
their hair clipped, and for 118 days in those receiving only

oral griseofulvin, Informetion concerning the histopathology

of the condition in the cat was obtained fyom the siudy of
blopasies. It was noted thet epidermal hyperplagla and dermal
thickening were not smo marked as they wers in cattle. In addition
to %he ususl inflammatory cells which were seen in both cettle
and cats there was an obvious increase in mast celle in the
latter. Also, the accumulation of distended, parekeratotic cells

seen in cgttle was not a feature of ringworm of the cat.

TABLE 19

SUMMARY OF THR RESULTS
OF TREATMENT OF FELINE INFECTION BY M. conis.

, Hean duration, in deys, of:
Ulinical Positive Fogitive

signs fluorescence | culture
Oral and topicsl |
treatment + clipping 11 24 Y
Oral treetment alone 14 90 118
Control 9 127 127
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DIBCUSSION ON TPREATMENT OF RINGWORM IN ANIMALS.

Oral griseofulvin is the flrst, and only, treatment which
has been ghown to cure ringworm infection under experimental
conditions. There have been numerous reports of successful
cures with topical subsgtances. Thus, Forster (1957) using
0. 25 per cente. hexedecamethbylenewlslé-bis(isoquinolium chloride)
reported that a clinical oure could be obtained in all cases
after 2 to 3 applicetions at intervels of 3 to 4 dayss, Cautley
(1960) stated that a borotamnic drug cured a high percentaege of
cases in a prelatively shoxri time, In neither of those reporis,
hovever, was the duration of infectlon given and it wan not
clear if spontaneous ocure had taken place., In 1958, 0'Brien &
Sellers using, among other sgents, the one advocated by Forster
did not agree with his findings and stated that experimental
infections, in which clinlecal observations were supported closely
by oultural end histological procedures, were necessary in the
agsescment of antifungel agents. The work reported here is the
firet that dedls with treatment of ealves by oral griseofulvin
and the orlteria stipulated by O0'Brien & Sellers were employed
in the experiments. The uge of artificially infected animals
and geentrolg ensured that spontanecous recovery would not .
influence the results, and cultural and microscopic examinations

were employed {0 unpplement clinical findings.
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It ig aburdantly clear that griseofulvin is effective
againegt both artificially induced, and spontaneous, ringworm
not only in the preveniion of the establishment of the condition
but also in the curing of existing infection. Because of the
high cost of the drug an effort was made to find the minimal,
effective, curative dose. The first successful dosage rate was
60 mae /kg. for 3 weeks but equally good results were obtained.
wvith 45 mg./kg. for 10 to 20 days and there was an indication
that even lower doses would be effective, A low dosage, 20 mg./kg.
for 8 days, was used, apparently unsuccessfully on famm Y and
while the lack of success may be attributable to the dosage,
there was doubt about the accurate identifiocation of the snimals,
The same dosage rate was used, successfully, on farm 2 where the
number of beasts was small and sinee they wore being prepared
for sale, the regular daily dosing of corrsctly identified
animals wag more certainly accomplished.

Becauge there was evidence that the overlying scab was still
infective although there were no longer any fungal elements in
the hair follicles, such animals will remain & source of infection
until the scabs have disappesred. The calves which hed been
clinically affected were challenged and although they showed
lesions, those wers minimal and of short duration., The inocule
which were used for re~infection were more concentrated than

animals would be exposed to, under natural conditione, and it is
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thersfore unlikely that mature lesions would recur in a cured,
clinical cases, Hoerlein (1945) noted that a recovered heifer
showed immunity & year after recovery. It follows that, although
young calves are more susceptible than older ones, the resistance
of the animals in the older age~group is due not only to increased
age but probably 2lso to an aoquired immunity following & previous
infection.

As the individual treaiment of cattle affected with ringworn
is time-gonsuming and even impracticable in the casge of beéﬂ-
herds where the cattle are seldom handled, it is of interest that
on farmm X the“griseufglvin was administered in the group~ration
of milke~subgtitute, In addition to the saving of time there was
the edded advantags that all animels in the group were treated
whether thoy were affected oxr not and consequently unaffected
animals wers probably prevented from becoming infected,

Although Paget & Walpole (1958) reported that griseofulvin
was toxic to rats when given payenterally, in large doses, orel
administration of the drug, in the present series, was found to
have neither c¢linical nor histologicsl toxic rveactions Bedford,
Busfield, Child, MoGregor, Sutheriand & Tomich (1960) demonstrated
that the increase of the orsl dose & hundredfold in rats produced
only a fourfold increase in blood level of the antibiotic, In
1960, alse Paget & Walpole reported that the compound when given

by mouth was without hagard in laboratory animals.
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Although most of the data on 't:éeaismen‘b of the animals undex
review related to cattle some information on the effect of
griseofulvin on ringwora of small animals, especially of oats,
was fortheoming. Uvarov (1961) reviewing the litorature on the
uge of the drmug in animalg, noted that canine infection was cured
‘in 1 B0 5 weokss In my small series of canine cases the variation
of time of ouve was from 2 to 10 weeks. Since all dermatophytes
are equally seonsitive to the effects of griseofulvin the vaeriation
in the time of cure c¢annot depend on differing causel fungi. In

the case of infection by T. verrucosum, in the dog, which took 7

weeks tv be cured there wag & thick secab on the ear-flap and since
the vagcularity in this position is lessg than that in other perts
of the skin the production of keratin is probably slower snd such
& scab tends to remain for a considerable time. It would be
advigable to have such a seab softened and removed in addition

to the orasl medication with griseofulvin,

There is no doubt that in the treatment of cats it is
inportant to supplement oral with toplcal treaitment in order %o
limit the spread of infection, Clipping the hair is a further
gefeguard in this respect becausge the distal part of the hair is
still infective for a considerable period after the fungal
~elements have been cleared from the follicles. The hair of cats
grows at the rate of 0404 « 0418 mm. per day and 1l.4 oms. in &

year (Uvarov 1960) so that unless infected hair is olipped the
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cat may remain, for a long pexiod; & source of infection to
itself, to other cats and also to human beings.

There is still much to be learned regarding the use of the
drug in the treatment of dermatomycomis in animals and although
it has been clearly established to be efficsciousy various factors
influencing its efficacy have not been fully investigateds One
such factor is the influence of differential keratin production
in various parts of the body and this ﬁay be apssociated with the
fact that lesions on dependant parts, for example ear-flaps,
take longer to resolve than do those on the trunk, Also, the
cost of griseofulvin is prohibitive, et the moment, for genersal
uge on large eanimsle and it would be useful to investigate the
effeots of large doges of the drug administered at intervals
ag used with suocess in treabing ringworm of the human head

(Xirk & Miles 1960).
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GENERAL SUMMARY.,

Laboratory investigation of 728 animals (cattle, horse,
dog, caty mouse, chinchilla and goat) in Scotland, suspected
of ringworm, revealed that 344 (47.2 per cent,) wore positives
252 (3466 per conte) both by microscopy and culture, 32 (444
per cent.) only on cultuve and 60 (8y2 por cents) only by
miocroscopy. Dermatophytes were isolated on 285 occasions ag

followss Trichophyton verrucosum, 195 (68,2 per cents)s

Mierosporum canigy 45 (15.8 per cent.)s T, mentagrophytes, 15

(543 per conta); Te equinum, 14 (449 per cent,)s M. equinum, 6

(2.1 per cents)s; T. quinckesnum, 5 (1.8 per conte )y M. gypsaum,

1 (043 per centi); Ts_rubrum, 1 (043 per cent.) end Tricho-
phyton spsy 3 (049 per conti)i

Material was submittéd from animels suspected as having
ringworm yet 374 (54«7 per cent,) specimehs were negative,
There were fewer positive results in borse, dog or cat than in
eattle and this probably indiontes that differential dlagnosis
ig more ﬁiff?cult in those animalg than in cattle,

T, vorrucosum wag the dermatophyte nmost frequently recoveréd

end 96 per cont. of the isolates were from cattle, the remainder
being from horses and dogs. Apart from a gingle isclation of

2, mentagrophyies the oniy fungus found on catitle was Te vVerru-

gogum, M. coenig was vecovered only fyom dogs and cate where it
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cocurred in slmogt egual proportions. Wood's light was a
useful aid to diagnosis especially whén clinical lesions were
abgent but all cases did not show positive fluorescence, It
was absent in 9 of 20 canine, and 5 of 20 feline, cases. ALl

6 species of host which had ringworm, harboured T. mentagrophytes

but mogt of the 15 isolations of that orgunien came from dogs
and cats (3343 pexr ceni. in each)s It was the only dermatopbyte

recovered from the mouse and the chinchille, Since T, mentagroe

phytes is a cause of humen dermatomycosis its wide host range
makes 1t & potential public healdth hagard although domestic
aninels are rot so important in this respect as are rodents.

Ty equinum was found only on harses dnd on one occagion it wag

present in asgoclation with M. equinum, the only instance of a

double infection encountered in the survey. T. guinckeanum was

recovered from 4 cats and a dog but not at all from mice which

are the veserxvoip of that dermatophyte. M. gypseum and T,

rubrum were single igolates from dogs and since the incidence

of M. gypseum ringworm in that host is high in the United

Stetes and the fungus is a ubiquitous soil saprophyte, it was
thought unusual that only one isolate was obtaineds T, rubrum
was the only snthropophilic dermatophyte recovered from an
animel in the series.

The incidence of ringworm was not particularly
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agsociated with either sex in any of'the speoies of sanimal
investigated., The age and seamonal incidence, the appearance

and location of lesions and the differential dlegnosis for each
host wore considered. The histopathology of ringworm was studied
in biopsied material from eattle and catsy The isolabions of

T, rubrum, T, quinckeanum and M. evpseum from dogs, during the

survey, are new host records from Britein, while T, guinckeanun

from a ¢at and T. verrucosum from & horse are new isgolations

from those enimals in Scotland.

In the course of an investigstion to correlate human and
animal pingwornm the some zoophilic demmatophyte was lsolated
from suspected animels and from human patients on 52 (23 per
cent.) occesions and on 6 (2,7 per cent,) & different zoophilic
fungus wag recoverad from each source. 8Sixteen people, who
sugpected animals ag the probable source of their infection,
harboured anthropophilic dermstophytes and in none of those
instencer waos the game fungug recovered from the suspected
animal. Oattle were found to be the main animal reservoir of
infection thqme being 111 (49.5 per cenhk) oconfirmed human cases
while only 7 (3 per cente) humen infections were traced to a
emall-onimal, source, Thus, 118 (52,6 per cent, ) human ceges
were correlated with zoophilic dewmatophytes in animels., Other

T people named cettle ag the source of thelr infection and
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although the cattle were infected (by % verrucosum) the humans

harboured quite different dermatophytes namelys . mentegrophytes,

33 M. oanis, 33 T. fongurans vars gulfureum, l. On 15 other

occasions, anthropephilic fungl were isolsted from humens bui

not from the suspeactsd animale. Thirty six smaell animels were
sugpected as the source of human ringworm but confiymation was
ostablished in only 7 of them. It is true. to pay, then, that on
5T (2544 p@r:aent¢) ceodgions either an animal source was wrongly
given o a wrong animel was suggested, Animals form & regervoir
for human ringworm in this ares but osbtle wruther than domestic
pets are the mein gource of human infectiion,

The treatment of dermatomycosis in animals is discussed and
reosults are given of the use of oral griseofulvin against
spontaneouy infections in cattle, dogs end a chinchilla and
ageinst experimentally induced ringworm in cattle and oates It
ig shovn that establishment of infection may be prevented and
clinlcal cases cureds The mode of setion of the dmg is
congidered and the public health significance of celinically cured

enimals, which may still be carriers, is discusged.
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FUNGE AND ANIMALS: DERMATOMYCOSIS IN ANIMALS AND MAW

by
James (ildea 0'Sullivan

( summary ),

Laboratory investigation of 728 animals, comprising the ox,
horse, dog, oat, mouse, chinchilla and goat, suspected of ringworm
in Scotland, revealed that 344 (47.2 per cent.) were positivey 252
(34.6 per cent.) both by microscopy and culture, 32 (4«4 per cent.)
by culture alone and 60 (8.2 per cent,) only by microscopy. Dermato-

phytes were isolatedMicrosporumasions vizs: Trichophyton verrucosum,

195 (6842 per cente); Microsporum canis, 45 (15.8 per cent)s T,

mentagrophytes, 15 (5.3 per cent.); Ts equinum, 14 (4.9 per cent.)s

M. equinum, 6 (2.1 per cente); T. quinckeanum, 5 (1,8 per cent.);

M. gypseum, 1 (0.3 per cent,); T, rubrum, 1 (0.3 per cent,); and

Trichophyton epsy 3 (0.9 por cents)s There wers fewer positive

resulte in horse, dog or cat than in cattle, & probable indication
that differential diagnosis is more diffiocult in those animals than
in cattle.

T. verrucosum was the dermatophyte most frequently recovered

and 96 per cent., of thome isolates were from cattle, the remainder
being from horses and dogs. Apart from a single isolation of T.
mentagrophytes, the only dermatophyte found on catitle was T, verru-~

cogum, !, canig was recovered only from doge and eats vhere it

occurred to an almost equal degree. Wood's light was 2 useful

diagnogtic aid but not all cases fluoresced, It was absent in



9 of 20 canine, and 5 of 20 feline, cases. All 6 species of host,

affected by dermatophytes, harboured I, mentagrophytes and most

isolations were from dogs and cats. It was the only dermatophyte
recoveraed from mouge and chinchilla. Since it causes human dermatom
mycosis the wide host range of this fungus consgtitutes & potential
public health hazard although domestic animals are less importent

in this respect than are rodents. L. equinum, found only on horses,

wag presént, on one occasion, in asgsociation with [, equinum, T.

quinckeanum recovered from 4 cats and 1 dog was not isoclated from

mice which are the reservoir of that fungus. M. gypseum and T, rubrunm

were single isolates_from dogs and since the incidence of M. gypseun

ringworm in that hogl is h;gh in the United States and the fungué
is & ubiquitous moil inhab;tant, it was thougﬁt unuéual that tﬁera
wes only one canine igolate in the present series. T, rugrum was
the only anthropophilic dermaftophyte recovered from an animal.

The incidence of ringworm wes not particulerly associated with
sither sex of the animals investigated. Age and seassonal incidence,
appearance and location of lesions and differential diagnosis for
each host were considered. The histopathology of bovine and feline
ringworm was gtudied in biopsied material from experimental infections

The isolation of T. rubrum, 2. gquinckeanum and M., gypseum from dogs

are new British host records while 7. guinckeanum fTrom a cat and

T. verrucogum from & homrse are new isolations from those animals,

in Scotland.
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During en investigation to correlate human and animal ringworm,
the seme zmoophilic dermatophyte was recovered from suspectod enimals
and from humans on 52 (23 per cent.) occcasions; on 6 (2.7 per cent.)
& different zoophilic fungus was isolated from each source, Sixteen
people, suspecting animals as the probable source of infection,
hayboured anthropophilie dermatophytes and in no instance wes the
game fungus recovered from the suspected animal,

Cettle were the main reservoir of infection, there being 111
(4945 per cent.) confirmed human cases while only 7T (3 per-cénta)
humon infections were traceable to & smalleanimal source, Thus 118
{5246 por cent.) human cases wore correlated with zoophilic fungi in
animals, Seven people named cabttle as the source of infection and

although the cattle were infected (by T. verrucosun) the humens

harboured different dermatophytes nsmely, T. mentagrophytes, 3

M. capig, 35 T. tonsurans vasz gulfureum, l. On 15 occasions anthro-

pophilic fungl were isolated f{rom humang but not from suspected
aningls. Thirbty six small animals were thought to be the source of
human ringworm but it was confirmed in only T of thems Thus, on 57
(25.4 per centa) occasions either an animal source was erroneously
given or & wrong animal was suggested. Aunimels form & reservoir for
human ringworm, in this area, but estile rather than domestic pets
are the main source of human infection.

Treatment of animal dermetomycosis is discussed and results
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are given of the use of oral griseofulvin against experimentally
induced ringworm in cattle and in cate and against spontaneous
infeotion in ox, dog and chinchilla, Establishment of infection
wag prevented and clinical casges were cured. The mode of action
of the drug is comsidered and the public health significance of
clinically cured animals, which may still be carriers of infection,

is disoussed.



