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CHAPTUR I

INTRODUCTION

Mycoparasitic infection in man and animals is of
utmost importance at the present. Since modern therapeutics
have reduced the incidence of various bacterioses and rickett-
sioses, and some viral diseases have been controlled by successg-
ful vaceination, increased interest has been token in fungal
diseases. Dermatophytoses or ringworm 43 a c¢linical entity
gauged by members of the closely related group of fungi col-
lectively termed as dermatophytes. These fungl parasitize
the keratinized tissues of the body, such g3 the epidermis,
the hair and the nalls snd they produce alterations of the
structures inveded. These alterations, together with attendant
jamunological reactiens, are clinieally classified as ringworm
(Kaplan gt al., 1968), Dermatophytoses are therefore true myco-
ses of the kerstinized structures of homoiothermeus animals
including man (Dvorak and Otcenasels, 1969). Dermatophytoses of
animals, espeeially those of domestic animals, represent s
serious economic problem. In addition, animals are o fregquent

gource of human‘aermatophytoses.

Bovine ringworm 18 a well maeogniaeﬁ digease which
has generally been considered by the farmers te be a natural
hazerd of steak keeping. This disease may essume ecomemic import-
ance when the valuable and pedigreed animels destined for saele
and expert are involved., Severely affected gnimals may be untheie
£ty and the young-stooks suffer a retarded growth (McPherson,
1957). The damage %o the skin profoundly affeets 1ts texture



and consequently the market value (Blank, 1955),

Ringworme in cattle is world-wide in distribution
anéd i3 caused mainly by Irjchophyton verrucosum Bodin, 1902
(Dawson, 1263). This fungus causes the vast majority (93 to
100 por cent in some areas) of ringworm infection in eattle
{McPherson, 1967; Mabajen and MohapatPa, 1963). Sabourgud‘'s
species I. album, 1903, g. onchrageun, 1210 and Z. _,gmg,
1910 have been reduced to varietal status or cultural types
of 2. yverrucesum by Alnsworth and Georg (1964) and Cantamel
and Schoesboe (1963). ﬁk‘thﬂ international Congress of Derma-
tology in Stockholm (1967), Georg submitted a system which
 includes I. yerrucosum as a valid species. Dvorak and Otecaasek
(1964) have reported this dermatophyte in various other hosts
such a3 canary, chickens, cat, dog, donkey, drome;;dary. goat,

horae, mule, sheep and swines,

Aze of the host appears to have a significant effect
on the inocidence of I. verrucosum infectiom in cattle. dJCalves
under one year of =ge are much a@re'saseeptible than the adult
ones (McPherson, 1967; Misra, 1971) and as such adult cattle
are seldon affected unless they sre malnourished or otherwise
peor in condition. Animals when kept togethor in large groups
and in elose proximity to each other for loag periods are highly
suscoptible. In addition to the spread of infection through
direct contact from one aﬁamala to the other, indirect contami-
nation through brushes, harness, fences, wood works snd walls
which ellov the fungus to survive for years, thus increase the
incidence of this disesse. GSeasonal offect on the overall
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incidence of bovine ringvorm is not significently related
but the incidence has been reported to be more in winter and
subgequently decreasing in spring in Great Britain and U.S.4.
(Blood and Henderson, 1S63). <The nature of herd keeping and
the poor hygienic condition as imposed by extreme climates
are the important factors to aggravate this infection.

I parasitizes the non-1iving keratinized

layers of the skin and its appendages but is normally incspable
In esttle the typi-

of invassion of underlylng living tissues.
cal lesjon is a heaVy grey-white orust raised perceptibly sbove
the skin. The lesions are roughly cireular and about one iach

in diameter, In the early stages the surface below the crust

is moist, in older lesions the scab becomes detached and pity-
riasis and slopecia may be the only obvious abnormalities.
Lesions are most commonly found on the neck, head and perineui
but a gemeral distribution over the entire body may occur, par-
ticularly in ¢alves- &nd 4n severe cases the lesions may¥ coal~
esee (Blood and Henderson, 1963). The experimental infection

of laboratory animals (nainly rabbits) with different straias.
of 2. yerrucosun follows a similar 9aﬁt@rn of development of
natural pingworm in calves but the natural disease often &ss5UBAS
a ehronic form and i3 of longer duration thanm in experimentally
infected rabbits (Cox and Moore, 1968). The period after experi~
mental infeotion before distinct lesions appesr is about fowr
weeks 1a calves. A resistance to reinfection oceurs after
pecovery from experimental infection but the importance and
dupation of this immunity in field cases is unknown (Blood and

Hendepson, 1863).
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A pre-requisite for effective prevention and treat-
ment of this disease is a correet laboratory diagnosis of the
speeies and dirferentiating it from other variety of agent(s)
responsible for such type of infections. This is only possible
by mycological methods, In the infected hairs, I. yerrucosum
i3 recognised by the sheath of chains of rather large arthro-
spores and by the hyphae which are often clearly seea to be
tunnelling the hair shaft. The isolation of I. verrucosum
from cattle, by culture, has always rendered more &iffieulty ia
comparison to other dermatophytes because of its slow growth
and more lisble to be overgrown by other saprophytic moulds in
the primary cultures and for the requirement of eariched medium
(Ainayorth and sustwick, 1965). The colonies are heaped and
deeply folded. in appearance, The micromorpholegy of the cul-
ture is often poor and the most frequent elements found are
large pumber of chlamydospores. The magroaonidia and microco-
nidia are normally absent, only somé strains produce them in
limited nuabers (Dvorak and Otcenasek, 1962).

Different kinds of treatuont have been tried sgeinst
' gggggggggg,anfbétton in cattle with varying degree of success,
The most effective treatment is the antibiotic griseofulvim but,
unfortunately, cost precludes its routine use in large animels.
Qther chemotherapeutic agents and indigenous plent extracts are
Screoned for their antifungal activities 4n yit y to find out
¢heaper and more potent substances ageinst various dermatophytes
including %, verrueosum (MePhergon, 12695 Misra, 1971). Milks
(1949) hao remaried "the fungieidal property of a preparation
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may be high in vitro end yet of little value in thergpeutics
because of its inability to penetrate the stratum cormeunm, a
hair follicle to come in contazet with the fungus", Hence sub-

stanees having in vitro antifungal activity egainst I.yverrucosum
have to be assessed in vivo for their therapeutiec value.

Ringworm in cattle imposes a great public health

importance., One of the earliest reccord was made in ninteenth

century by Earnst, Veterinary Surgeon from Zurich, stating a
case of an young girl whé wes infected with ringworm from a S0W.
Although cattle are the preferred hosts for I. verrueogum, this
dermatophyte 138 also infectiocus for men (Fowlean@ Georg, 1947;
Rookt and Frain-Bell, 1954§ Shome, 1969; Misra, 1971). Human

infections due to I. verrugesum are confined almost entirely to

the rural population. The most common type of lesion descriped

in buman infections with this dermatophyte is of a suppurative

character. FPrequently, human contract this disease by direct

contact with infected cattle but may do so by exposure to con-

taminsted fomities., However, it i1s not known whether hwman

transmits this infeetion to cattle or other enimals,

iIn India, where the geographical and climgtic condi-
tions are very condusive and favourable for the growth and |
spread of ringwornm infection by Z. yerrucosum in cattle causing
economlc and public health hagzard o the farmers and as s whole
to the community, invéstigations on disgnostie procedure and fer
choaper and convenient method of treatment are very insufficient
during pa3t years. Considering the importaenee of the infection
and the magnitude of thé problem both in men snd aninals, the
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author envisages to undertake the following investigetions

to evolve 2 better diagnostic procedure and climical approach.

1. To study and compare different methods undep
field and laboratory concitions for evolving
correct and effective diagnostic method(s)
for I. ¥Yerrucogum ypfection in cattle.

2, To investigete the pathogencsis of L. Yerru-
cosum in natural cages and in experimentally
infected czlves and laborstory animals.

3. To evaluate the in yivo therapeutic values
of certain chemicals and plant extract known
to have in ¥itro antifungal action agaiast
I. Yerrucosum.

1t is ferveantly hoped that the above studies will

elueidate further information on the diagnosis, pathogenesis
sun infection in cattle, a conti-

gnd treatpent of L. 20 Ul
puing problem to the veterinary elinicisns and mycologists.



CHAPTER 11

REVIEW OF LITERATURE

Iavestigations in this country and other parts of
the world on the incidence of dermetophytoses in eattle have
revealed that 1. yverrucosum is the prineipal cause of bovVinme

PANZWOrD.

Hoerlein (1245) studied the clinieszl materials from

During 19566 Ainsvorth and sustwiek published their
report on survey of animal myeoses, sponsored by Agriculdural
Research Couneil, Britain ond observed that the dermatopbytes

1solated from all the 71 elinicel cases of ringworm im cattle
Out of 71 cases 41

bolonged to one gpecies, I« VErruessun

were culturally positive for I. Yerrucesus

which had been oceasionsally recorded from eabttle im Britain,

wasd not met during the survey and they confirmed the view that
geaphytes rarely attacked cattle ia that country.

Nortimer (1885) reported that 15 per cent of cattle
were infected with ringvworm, out of approximately 2,@0@ gattle
exemined in Bast snglia and the organism iavelved was F. yerru-~

Gentles snd O'Sullivan (1957) isoleted L. yerrucpsum
from 99 bovines ond J. mentagrophytes




year survey of cattle ringworm in Scotland.

MePherson (195?.) in a survey of 613 herds im Horth
Britein with 30,768 cattle found that 133 (25.7 per ceat)
herds and 833 (2,39 per cent) cattle were affected with ring-

wora. caused by I. yerrueosum.
Menges and Georg (1957) conductod a SuUrvey of animal
pingvorm ia the United States. Specimens of hairs from 108

cattie were cultured and 1. yerrusosum was uolat@d from 21
(20 per cont)e o 3 sun was the only dermatophyte isela-

ted from cattle. The 21 c¢ases were from 10 gtates and repre-
sented 14 herds of cattle. The number of isolations reported
414 not represent the total number of cases of ringwora in the

14 herds.

OzeCovic and Grin (1987) in an examination of 2,672
adult cattle, 391 heifers and 843 calves fop ringworm reported
that in sbout 93 per cent of cases. infection Was caused by
I. yerrueosum. L. pentagrophytes was less frequent and I.viglacoun

4s0lated from one ¢alf only.

Kaplen gt al. (1953) in a study on recent developments
of animal ringvorm and their public health impliecations, examined
83 skin scrapings from cattle and isolated only 290 stralas of

ygum (860 per cent).

Pivary (1961) isolated 42 strains of I YOEEuGo3um
fron osttle im Uttsar Pradesh. The other depmatophytes reeovered
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Monthly surveys of 3,174 cattle in 165 herds revealed.
ringworn infection in 2.5 per cent cattle in 27 herds (16 per
sent). The only pathogen was Z. verrucosum (Klokke and Kamp,
1962).

in general, I. mentepgrophy%es rarely causes cattle
ringworm but Krentel and Kuhne (1962) 1solated it from 37 eases
in contrast to I. verrucosum from only 3 casses. |

Cennole (1963) reviewed on dermatomycoses of animals
in pustralia and stated thabt in 1862, two strains of I.yeprucosus
were isolated from bovine okin seraping at their institute and

during 19680-82, 32 straims of . verrucogum hed been isolated
from field specimens. In additiom,1l4 strains had been jsolated

from stoek at their institute.

Klokie (1264) reported infection of cattle by I. verru
cogun from Horth India. '

?aﬁhye ﬂl ﬁ&p (19@6) found go vor:
aeven ealves near Poona.

sosun infection in

Klokke and Durairaj (1267) while investigating the
causal agents of superficinl mycoses in 3outh India isolated
three strains of I. Yerrucosum from cattle.

According to Dawson (1963) the various dermatophytes
recorded from cattle were L. W, . nentagre
2. zubrum, Z. yiolaceum, M. Zypseum and H. eanis.

4 subsiding epizootic of cattle ringwornm was attended
by Mahajan and mhapatr_a (1863) ot various farms of Hiassar
4 rugosun was the only pathogen iseolated.

(Haryana) where T. Ve
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Semples from cattle on 433 premises were studied by
Pepin and aAustwiek (1963). Two hundred and twentythree were
found to be infected with ringworm gnd f. vgrrucosum Wag isola-

ted from 199 of those., Ho dermatophyte could be gFPowR Prom the

other 24 infected samples dbut they pelieved that any of thess
‘wepe not infected by species other than L. ¥

eEx: } Hepd
out breaks were reported on 13 olcggiens with estimated jpfec-

tion rates of 63 and 70 per cent in two dairy herds.

Kachnic and Theeik (1969) oxpmined 333 cattle froam

alone and three L. gentagrophyes
dermabtophytes.

0f 228 cultures isoleted from calves 3-12 months old
{n Valdimir region, U.3.3+R., 163 wore identifiecd as L. fayiforme
var diseoides, 32 a3 I. faviforme var album, 26 as 1. gypseum Ve
osum, eight as I. gypgeus des and four as
1 forme (Baranov, 1970).

Gupta et sl. (1970) examined 6,062 cattle of different
age groups and observed climical lesgjons of ringworm in 276 of
them. On cultural examination the gver all ﬁmi&en&a was found
to be 2,46 per eent. The various dermatophytes recovered from

AR (@),

ﬁowever, &+ vorrugosum wes found %o be the commen eti@lagmal
agent of ringworm in eattle,

The survey carried out by singh and Singh (1970)
included e total mumber of five hundred and eightythree cattle,
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out of which skin serapings were collected from fiftyeight
cases havVing ringworm lesions. Only 14 strains of L. menta-
ZZOphytes var gpamnular were isolated and nome revealed

£, yerrucosum jnfection.

In Romania ringworm in cattle was caused by Z.Verru-
gosumn, no other species was detected (alteras, 1970).

In Orisse, Misra (1971) carried out an extensive
survey on the incidence of ringworm in man sand animals and
oxanined 4,840 herds of cattle., He observed ringworm lesions
in 243 cases (5.02 per cent), out of which 137 (56.33%) were
eulturally positive. The dermatophytes isolated were 123

strains of I, icosun (93.4 per cent) ard 9 strains of

phytes var granular (6.6 per cent).

Satija and Gautam (1572) investigated an outbreak
of pingworm infection in the Government Livestock Farm, Hissar

and found that the outbreak was due to L. yerrucosum infection.

(1) »2ge :

Gattle of all ages were susceptible to ringwors iafeg-
tion caused by I, glbum (I. yerrncegum) but the ﬁlaéa% was
probebly more common in calves than adults (Hoerleln, 1948),

, gun infection in cattle
in relation to age as observed by Menges and Georg (1987) were
40 per eent, 4 per cont, § per cont and O per cent in cattle
of below two years, 8- 4 years, G- ¢ Yoars sand geven years aand

The percentage of . yerruee
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above respectively.

MoePherson (1967) stated that young-stoeck were
affected more frequently than mature cattle, the overall
incidence in cslves being 7.34 per cent and 4in adults 0.43
per cont, 1n rearing herds the ineidence was higher than
in dairy or beef herds.

According to Connole (1963) the infection occurred
ehiefly in yonag enimals but adults were glso affected. Both
dairy and beef cattle were susceptible,

Gupta (1987) observed that age had a definite offeect
on the incidence of ringworm inm cattle, They found thst the
incidence in calves was ©.4 per cent whereas in heifers and
adult cattle it was 2,01 and 0.19 per cent respectively.

Kaplan (1987) remarked that in general f.verrucogun

infection vas observed more frequently ia cattle and was more

extensive in ealves than in older calves.

Mahajan and Mohapatra (1963) stated that only cow-
eslves below the age of one year were found to be infected and
no adult milch or stray cattle were met with ringworm infection.

Tho study of Misra (1971) revesled that out of 1123
eslves under one year of age examined, 217 calves (19,32 per
cent) and out of 3,717 adult cases examined, 26 (0.69 per cent)
were found to be elinically positive for ringworm infoction.
Gn examination of naterials from the above alinieal cases dere
matophytes were isolated from 181 (60.36 per cent) of the 217
calves and @ (23.07 per cont) of the adult enes regpectively.
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satija and Gautam (1872) observed that calves below
one year of age were mainly affected with I. yerrucosum infec-
tion. They recorded a high ineidence (24 per eent) in suckling
dajiry calves, —

(44) Environment

I. verrucogum infeetion was very common in catile
especially during winter months (Hoerlein, 1248).

Mortimer (1955) remarked that cattle ringworm caused
by I. yerrucosum was far more prevalent in the winter months.
The most probasble csuse of the high winter inscidence was yard-
ing together of animzls where direct contact was inevitable.
He further believed thot lack of direct sunlight might be a
factor in the high winter incidence.

MoPherson (195657) observed that the incidence did not
appear to be influenced by scason of the year, location of the
herd, nutrition, the lighting ofthe cattle sheds and on the
presence of lice on the estile,

Blood and Henderson (1963) deseribed that the ineid-
ence of ringworm im cattle was increased in winter when the
snimnls were housed in close proximity to cach other for a
long time,

An outbreak of cattle ringwora im Hissaer investigated
by Mahajan end Mohapatra (1068) was started since May and 41l -
July the ceses were maay im number. On qusat&onaﬁg to the
officials vorking et such farms, that was the period when
maximun number of animals were affected with T. vereuamanws
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infection every year. - In all instanees the calves were stab-
led together in one shed,

ABalysis of the deta on pingworm infeetion in
cattle by Pepin and Austuwick (1963) on a seasonal basis shewed
that 34.5 per cent of all samples and 39,9 per cent of infected
samples were received during the months of December, Jamuary,
and February. The proportion of specimens found positive was
almost always highest in December averaging 74.6 per eent, the
other figure in other months lying between 30 per ceat (March)
snd 62.5 per eont (August), the overall average was 60 per cent.
The sbove figures lended some support to the opinion thas
eattle ringworg was predominmently a winter disease but alse
indicated that it was not uncommon throughout the year,

-

Misrg (1971) recorded the incidence of ringvorm in
cattle mainly due %o L. yerrucosum on monthwise basis during
the study period from Docembor, 1963 to November, 1970. The
highest incldence of ringvworm observed by him was during the
months of June, July and August.

Satija and Gautam (1972) reported that the spread of

Ay

 infection mainly occurrod during winter months
and the ineldence was redueed by immediately segregating the
affected calveg from the herd.

Hoerlein (1246) desoribed that the lesions encountered
in the fleld vapied from the squamouns type in which only scalje
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1908 and partial 1033 of hair were seen which had thick eru-
sty_ﬁaahs of asbestos-like material., There might be pus
formation under the scabs and 4f pruritus was present raw
areag were noted. Often the lesions resembled those of pora-
sitic gkin disesses. In general the lesions were eircular,
discrete showiag little tendency to coaleses. This tegether
with the formation of heavy orusts was often enough to disti-
nguish the lesions from those Gaused by the parasitic mites,

La Touche (1962) roperted that the sites of the

eingworm lesions due to I. discoidas in celves to be the skin
and hair of the face, above the muszzle, around the eyes and

at the bage of the earsand that other parts were rarely invoi-
ved, ’

Georg (1954) while discussing the diagnosis of ring-
worv in animals stated that lesions of ringworn due to Z.Yyorru.
gogun in eattle were usually found on the head but might be .
seattered on body, legs sad tall (in calves lesions might be
vory extengive) and were coin-sized or distinet plaques with
heavy greyish white cpusts. uhen crusts were removed, moist
bleeding areas were gseen. 0ld lesions lest the heavy erusts
showing scaliness and broien off hair atumps.

Connole (1883) deseribed that the leasions occurred
as discrete, roughly cireular nreas which ajght extend to
extenaive areas of groyish white orusts with teadancy to be-
come thiekened. The lesions vere most common on the head
(chiefly around the eyes) and nedk, ofton extending along the
shoulders, hind gquartors and limbs.
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Hehajan and Mohapatra (1063) stated that lesjons
in almost all cases were confined to face, neck,ears and
rarely extending posteriorly towards the tail. Infrequently,
lesions were 2180 ssen on the forelegs. They were typically
eircumscribed, eircular of varying size, raised slightly from
the body surface which when scraped,left a hyperaemic or some-
times a bleeding base.

Pepin and Austwick (1963) reported that crust for-
mation on leajions was found in 34.6 per eent of cases and the
averzge maximum diesmeter of lesions were 49.4 am (64 cases).
Most infected cattle had more than ten lesions and six of 37
¢ases bocame generalised. Ringworm lesions in cattle were
heavy grey white asbestos-like crusts raised perceptibly above
tha skin, roughly circular and about 1« 3 em in diemeter. 1In
early cases lesions wore small while in advance cases they were
larger, detached with pityriasis and alopecia. The lesions
were most commonly seen on the head, around the eyes, neck and
forelegs. A gemeral diastribution over the ontire dody was not
uncommon among the calves three to five months of age (Gupta
et al., 1870).

Hisra (1971) obgerved that the lesions in cattle as
_discrete nearly circuler with raised boarders having thiek,
greyish crusts vis. asbestos-like appearance. The losions im
early stages were small gnd iater they become larger and con~
fluent. %The lesions were mostly seem on head, around the eyes,

neck and ears often extending to dewlap, shoulders, hindquare
ters and limbs.




(1) Characteristics of the spores and Hyphae of I.y¥errueosum
in the 3kin Scrapings 3

Hoerlein (1945) observed thot the spores of I. verru-
gosun were rather large, 4-6.5 microns in diameter and were
found ip sheaths around the hairs. Spores and hyphae alge
oceurred within the hairshaft. when the sporea gsheath was
well developed the spores were noted te be in chains.

Georg (1984) suggested that in case of I. yerruec
infeetimn, there would be sheath or isolated chains of large
spores (5-3 microns) lying on surfase of halr and mycelium
invading interior of hairs. Ilycelium and chalans of spores

would also be geen in skin screapings.

Austwick (1966) remarked that the arthrospores around
the bases of the infected hairs were very small (2 to 4 microms
in dlemeter) and infection could probably origingte from even
one spore lodging im s hair follicle. It was estimated that
each infected hair might cerry over 30,000 arthrospores in its
gpore. sheath,.

" Beneke (1968) included Lo PINCOSUM in the group of
trichophytons where ectothrix halr invasion was the charsctors-
gtic diagnostic feature,

Gupta (1887) reperted that in case of 7, yerrugoaunm
infection in cattle there were isolated chains op spores within
end cutside the hair fibre (ectoendotnrix type) and the skin

scrapings also revealed the presence of aycelivm gnd ehains of
arthrosgores.
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Mahajan and Mohapatra (1863) recorded presence of
gpores of 1. VERrugos

ogsum ia hairs in 45 cages out of 48 ring-
wori ca303. The majority of them showsd typical large spored
endothrix infection of the hair, hovever, in & few instances
getoendothrix hair invasion was alse encountered. He ecto-
thrix hair infection was noticecble,

Dvorak and Otcenzsek (1969) im their pecent book
"Mycological diagnosis of snimal dermatophytoses® have stated
éhat in ease of I, verrucosum infection the invesion of hair
of cattle was nearly alvaya of the endoectothrix type with
large spores (3.5 - 10 microns). In skin scales branched sep-
tate hyphae, wore or less arthrosporulated, were found.

Misra (1971) observed that in cattle out of 243 cases
examined by him, 203 (33.53 per cent) were showing invesion of
hairs by fungel elements. Ec¢tcendothrix invasion of hair with
spores vere commonly seen in %. verrucesum

infection. However,
ectothrix invesion of hairs with spores forming a sheath was
algso seen in 2% of cases of I. Verruces

(14) cultivation and Cultural Charaecteristios :

{a) Pr&mry' Isolation s the medium used by
Hoorlein (1846) for primery isolation of 2. album

t

was Saboursud's
dextrose agar or maltose agsr (Gextrose or maltose 4 per eent,
peptone 1 per gcent, ager 1.3 por cent). He neted that growth

{ m st a pi of 3 to P was almost as gocd as at the
optinum of pH 6-7. When media with a pH of 3 te 10 were used
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for isolation, it vwas noted thet many saprophytic moulds
(#ucors and Aspergilli) were inhibited to such an extent
that contamination wes less of a problem. He recommended av
ineubation temperature of 30°C in the isolation of I,_album
because of its slow growth.

Powle and Georg (18947) successfully isolated the
favifora trichophyta (Z. glbum and Z. gigggaégﬁ) on blood agar
base and they indieated thet blood agar base medium supplied
the mecessary factors for growth which were absent in Sabour-
aud's maltose ager.

0x bile agar was suggested for primary isolation of
rugosum {Littman, 1947).

Georg (1954) stated that & thiamine enriched medium
containing antibiotics %o inhibit the growth of bacteria and
saprophytic fungi and an incubation temperature of 3I7°C wvere
required for the isolation of T. X 1 from clinjeal

PRGOS
materials. He effectively demonstrated the use of a selsetive

medivm containing O.1 mg per ml cyeloheximide (actidione) for
reducing the growth of mould conteminants when isolating

2. yerrucosum from cattle hairs. By this method he obtained
three times the number of igsolations made from other medias
using the same sample.

fagtwick (1964) edvocated the physical separation
of the spores and hyphae of conteminants from those of the
dernstophyte in the skin seraping for the isolation of

I, discoldes from cattle, He observed that mutrient agar
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(beef extract 10.0 g, peptons 10.0 gy sodiun cehloride & g,
ager 16 g, distilled wator 1000 ml, penieillin 20 i.u. and
streptomycin 40 4.u. per ml) with a pH of 7.5 was most suit-
able for the isolation of f. digcoides because, it gave &
higher growth rate than 3abouraud's beervort, Littamen, OF
malt sgar. The addition of antibiotics to suppress bacteria
d4d not effect the growth of the fungus.

_Georg (1954) suggested that 3sbouraud‘'s dextrose
egar at pH 5.5 was the standard modium for the primary 130-
lation of pingworm fungi from clinicel materials. geveral
antibiotics, penicillia (20 units'per ml), streptomycin (40
units per ml) and cycloheiimi&elto.s mg per ml) hed to be
added to inhibit the growth of contaminating bacteria and

saprophytic fungi.

Haley and’ Stonmerod (1954) remarked that the growth of
Te Lavif on Sabouraud's dextrose agar was slow and seanty.
They suggested to use heart infusion tryptoae thismine ager
(boef heart infusion fram 800 g, bactotryptose 10 g, sodium
¢hloride 6 g, bac#o-agar 15 g, thiamine hydrochloride 10 g,
distilled water 1000 ml) with o pH of 6.8 or Difco Blood Ager
Base to vhich thiamine (0.1 mg thiamine added to 100 ml melted,
partially cooled agar§ for primary isolation of faviform tri- |
ehophyts. Streptomyein (40 units per ml) snd penicillin (20
4un1ta per ml) were ndded to get rid of the bacterisl invaders.

Jorrucogum wes grown from skin and heir of 985 of
159 cattle, uaang Sebouraud's glucose agar containing 0.5 &g
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per ml of actidione (cyloheximide), 20 units penieillinr snd
40 units streptomyeln. On Sabouraud’s medium without antibio-

¢ic¢ supplements only 12 cultures of I. Yerrucogum weée cbtained

(Thaeik and Kachnie, 1982).

A comparetive study of the value of various media
and their combinations for primary isolation of I. yerrucosum
from animal material was undertaken by Mahajan and Mohapatra
(1963). They found ¢that brain heart infusion agar alone gave
the meximum number of isolations (33.61 per cent). It was

further noted that brain heart infusion ager in combinstion
with lablemco agay or Sabouraud's medium with thismine gave thg

highest yleld (64.85 per cent). Sabouraud's agar @ith thia~
mine in combination either with lablemge agar or Ssbouaurd's
agar and thiamine plus inositel gave the ainimum number of
isclations (38.61 per cent).

pvorak and Oteenasek (1969) recommended that the
basie mediun for primary i120lation was Sabowraud's dextrose
agar with eycloheximide end chloremphenicol. The above media
consigted of becto-tryptose 10,0 g, bacto-beef extrast 3.0 g,
goddun chloride 5.0 g, agar 10.0 g, distilled water 1000 ml
{(@issolved slowly by heating te boiling point ond added) dex-
tsose 20 g, yoast extract 3.0 g, thiamine 0,06 g, chloramphe-
‘nicol 0,058 g and mctidione 0.6 g.

Gupta and Singh (1970) made a comparative evaluation
of three culture modia for the primery isolation of dermato-
phytes from clinical matorials. On en average, Ssboursud's
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I

glucose agar with chloramphenicol, actidione and thianines

gave the mazimum fsolstes im comparison to Sabouraud's glméose
egar with chloramphenicol end ILittman oxgall agar respectively.
They recomuended the simultsneous use of the above three media
in order %o have maximum number of i1solations. for the'eulti-
vation of/dermatophytes from animals heavily conteminated with
& aumber og bacteria, yeasts, snd sesprophytic fungi,.

(b) Macro-and Nicromorphology of L. yver 2
Hoerlein (1248) observed that the growth of I. album im the

media wss almost submerged and radiated from the centre in

bundles of hyphae. By the end of two weeks the size would vary

from 6 to 20 mm end while mostly submerged aight hove g small
emount of white powdery cerisl mycelius in the centre. at four
weekas the colony was from 20 to 40 mm and might show s consi-
derable amount of white powdeory myeelium over the cemtral half,

The colony was usually flat, but might show some elevation and

early fermation of covolutions. By the end of eight weeks the

colonies developed an almost velvety duvet over most of the sur-

faoce which might become very coanvoluted. Some colomies, however,

romained moist through out their development. iany microconidia
wvere produced in the merisl mycelium and occurred sinmgly, ses-

sile, and lateral on undifferentinted hyphae a&s a rule, but
occasionally the spores were secen in bunches. A fev macrocons-
dia were noted. They were rare ~nd about six micrens wide by
&8 microns long. Meny of the hyphse had swollen tips.

According to Powle and Georg (1947), £. album typloally
produced a globrous spongy eolony with waxy celour. This might
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beceme dark ten to brown after several weeks and some white
powdopry growth might appear at the base of the acuminate
colony. I. discoides produced a colony which was elso habi-
tually glabrous, but hed a fairly regular dise shgpe and &
smell raised ceatre which might or might not be present.

The colony frequently had a greyish tan to greyish yellow
pigment and hed a powdery or velvety surface of short fine
white down. Mieroscopic examinstion of the glabrous colonles
revealed irreguler mycelia with an abundance of irregularly
formed intercalary and terminal chlamydosporesa. Spore-bearing

structures were characteristically absent.

Georg (1064) deseribed the cultural characteristics

of . verrucosum. The growth was very slow and might not
aeppear uatil 10 to 14 days. Colony was usually small, heaped

and folded with white to gpeyish moist and smooth or velvety

surface. Thin irreguler mycelium with swellings (Chaamydospores)

wvhich oceurred in large numbers often in chains and the presence
of a few single-celled spores (microconidia) were the oharacteri-

stic features, Microconidia might be numerous on thiamine enri-

ched medium.
Alnswvorth (1989) stated that cultures of I. veprucosum

attained a colony diameter of 6-20 mm in 2 weeks. The growth

wes often molist and largely submerged in the medium, Aerial myce-

lduz wight develop, Chlamydospores were usually numerous, while

micreconidia were produced less frequently and macroconidia were

ralls



Benelte (1968) deseribed that the eoloanics of

errucosum were slow grewing, hecped, deeply folded, £le-
Colours

brous and waxy or with = fine wvhite velvetly surface.
vorded in isolstions from white to bright yelleow. NicroSCO~

pically eanly chlamydospores were seen in the hyphae on Sabou-

raud's doxtrose ageP. On medis enriched with thiamine micro-

eonidia werc usuélly produced and on rare occasions 3- 5 cel-
led macroconidis might be seen varying in size end shapés

Growth of I, rugosun wa3 extremely sluggish and

hardly a few ma in dismeter. The colonjes were heaped, deeply
folded, glabrous and waxy in majority, however, a small propor-
tion of them did not show any folding and celonies in such caaes
Some woere yellowish white and others brilli-
Mieroscopically, only chlamydo-

were digse shaped.

ant yellow onchre im colour.

spores wore seen which were more numerous im subsurface growth
of the colony, lMycelium waa irregular. Nome of the isolates
tested produced macro-or microconidia on rice grain medium

enriched with thianmine or yeast extrect (Mahajan and NMohapatra,

18613),
Dverak and Otccnasek (1969) described the characteri-

stie macro~-and micromorphology of I. yerrucosum elaborately in
their recent booke The rate of the growth of the eolony of

&+ Yorrucooum wag slaw, it atteined 5+ 15 mm in diameter after
i0 days. The mature colony (after 20 days) was wostly irregu-
lary esteroid, polygonal or lobulate only somotimes its ground

k]

e

plan was regular, circular to assteroid, Very often a large
aone of irreguler subuerged mycelium doveloped, The gerial pert
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of the colony can remain underdeveloped for & long time, some-
times it vas plmost visible. 7The colonies of some strains

were membranous, more or less powdery or velvety. They might
be flat or raised with s marked tendemsy to wrinkle. The sur-
face colour could be grey, saluon, apricot or pale lemon yellow.
The reverse could be unpigmented or salmon. The micromorphology
was poor. The most frequent elemeats found were chlamydospores
often arranged in more or less long chains. The macroconidia
were normally absent, only some strains produced them in limited
nnmbérs. They were irregular, asmooth, with thin walls, 4-7
cells, measuring 4- 3 by 16- 80 A m. The microconidia were
mostly absent, oaiy gome streins produced them in linited num-
bers. They were ovoid, clavate to pyriform, 2- 3 by 3~-4 A m.
Favie chandelicrs were often present and pectinate hyphae only

occasionally obgerved.

(c) Nutritional Requirements : Investigation on the
pequirenents for the growth of I. discoides by Robbins et al.
(1942) had shown that the dermstophyte suffered from complete
defieiencies for pyridoxine, inactive inositol and molecular
thiamine and partial deficicncies for unidentified substances
presont in peptone, ¢asein hydrolyzate, hydrolyaed egg albumin,
malt extract, gelatin and filtrate from white patatoes. The
‘suthors demonstrated that vigorous grovth could be obtained on

thismine and peptone mediuam.

The effect of thismine, pyridoxime and inositel, singly
gnd in all pessible combinations on the growth of several straias
of T, disgoides and I, onchrseeum were studied om & synthetie
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basal medium with glucose and asparagine (¥ackinnonand A?l,-,l_ende,
188), Their study revealed that four strains hed eomplete
deficiency for inositol, one strsin for thiemine, another
strain for thiamine and inositol and ome strain had complete
defic&ency for innsitol, pyridoxine and thismine.

Georg et al. (1968) remprked that 1. verrucosum
had ebslute nutritional requirements for certein vitamins.
About. 90 per cent of the streins gtudied required thismine and
inosjtol for growth about 10 per gent required omly thiesmine

and one strain had been found whjeh required thismine, inositol
and pyridoxine. '

Georg and Camp (1957) studjed the nutritional pattern
of 100 strains of . yerrucosum gnd reported that nome of the
streins grew oR either ammonium pitrate or casein vitamin-free
agar media. Eighty four strains were shown to require thismine
and inositol for growth and 9ixteen strains only thiamine.
additions of other wster solubde vitamins singly or in combina-
tion with the required vitamins produced no effeet on the
growthe

Benoke (19688) while deseribing the nutritional pattern
| for Irjchophyton species stated that 84 per cent of L. yerrucos
required both thiamine and inositol while the rest 16 per cent
¢ould grow well in thiamine alone.

Klokke and Duraira) (1967) found that growth of all

sprugosun vas stinulated on essein~
‘thisnine-inositol medsie while thiamine alome d44d not produce any
marked responae,
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The study of Mahajan and Mohspatra (1963) reveeled
that 90 per cent of the strains tested required additives
like thiamine and inositol énd showed pertial need for thiasmine
alone and in 10 per cent there was slight stimulation by thia-
mine gnd inositol both,

Host of the strains of I. verrucosum required thia-
‘mine and inositol and some thiemine only (Dverak and Otcenasek,
1869},

(i) Keratinolysis of Hair in vitro s Lu {(1962)
edvocated slide culture method in the study of hair digestion
by dernatophytes. 1Im his study it was observed that oanly two

of the four strains of T. verrucosum showed keranolitic

aetivity, saeb producing only a few wedge-shaped perforstions
on ea gversge of 13,1 days. When cultured on 0.1 per cent
yeast extract sgaP, however, three of the four strains produced
nunerous vedge-~ghaped perforatiens on an average of six &aﬁs.

Mshalan and Hohapatra (1968) studied the ability of
five 1golates of I, verrucosum to perforate human adult, hunan
ehild, horse, ¢ow and dog hairs and founf that none of the
strains tested perforated any hoir.

Dvordk and Otcenpsek (19€9) remarked that the hairs

of esttle, dogy goat, horse, mouse and man vere sttacked by
Pugosun Coxially,

ragpogenesis of

(1) Burvival of Spores of m. ——

Golmons (1954) recorded substantial evidenge of the
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survival of I. verrucosum for 2 yoars and one yeaer & monthgs
on cattle enclosures.

Walker (1985) had shown that Z. yerrucosum remgined
viable on infected hairs in the laboratory for 15 months gpd
she had alsc demonstrated the presence of I, yerrucosum infec-
ted hairs on g scratching post used by cattle infected wign

ringvorm.
{oPherson (1267) observed that in the dark at roen

temperature arthrospores of I. verrugosum were visble in gkin

scrapings even after 44 years and in skin scab 1.6 mm thiek,
cosuy were protected from the action

arthrospores of I. Yerru
of ultraviolet light equivslent to 437 hours of aid-day, mid-

sumper, and mid-altitude sunshine. He further experimentally
demonstrated that while ultra-violet light wes lethal in a few
asinutes to L. verrucosum in vitro, hair, skin end lesion scabs
individually and collectively protected the dermatophyte.

While revieving on dermatomycoses of animals in
Auatralia, Connole (1983) stated that in their institute,
Z. yerrucogun remeined viable on skin scrappngs and hair samples
whioch had been stored in the dapi for 15 months,

2‘ yer "M---*”','
& oleaning machine in & gattle farm in India (Klokke, ).

~

OUR has been isolated from walls, fences and

Kechnic and Thaeik (1969) reported that L. verrue
survived five months in hajp and crusts from cattles burried 5 om
beneath the surface of chwhouse bedding, They further observed |
that of 800 hairs obtained from T ¥ cosum lesions in eattle,




29

only one hair yielded the agent after 72 hours in a cow's
stomach,

(11) Batural Infection-Related Clinjcal Lesions and Histopatho-
logical Changes ¢ '

The e¢linieal lesions produced by natural infection of
L« verrueosum in cattle hrnve already been reviewed in o former
¢hapter,

Ringworm lesions in calves due to I. Verrucosus infeg-
tion fully developed in 3- 4 weeks of infection (Rook and Frain-
Bell, 1954).

Mortimer (1958) performed a histopathological exeming-
tion of naturnl ringworm lesions in cattle and demonstrated
large pumber of leucocytes in the corium around the follieles and
6150 in the atratum cornecum. Occasionally micre-abscesses were
present and rarely thore was sny maeroscopic evidence of pustular
folliculities, This mild reaction suggested thet the truwe host
of I. Verrucosum were ¢attle which exhibited a more stable host-
parasite relationship. Ke also reperted spontansous recovery of
cattle ringworm due to E. verrusosum.

- In sunmer outbreak of I. yerrucogum infeotion in eattle,
the mean persistence of the lesjons was 17 weeks and in the wintepr
outbreak it was 10 weeks (Pord, 1988).

8ellers gt al. (1986) made a preliminary observation
on natural ringworm due to L. ¥errugosum in cattle. Healthy
Gelves were put fnto the pen which had previously housed the
ringworm jufeoted calves. Fhese calves developed natursl lesions
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within 28 days. 1% was not possible to doteet the lesions
until infection was well estoblished. Biopsies were oaly of
value in observing the lesions at 4ts height of sctivity and
during the subsequent healing proceas vhieh was complete zfter
approximately three months,

Misra (1971) observed secondary lesions due to
2. verrucosum in experimentally infected calves which persisted
beyond 80 days. 1A a histo-pathologiczl exsmination of natural
skin blopsies collected from ringworm (Z. verrucosum) infected
ealves, he furthop observed that the shaft of the hair both ia
ﬁhehEpﬁéermis and dermis were invaded with large number of f£ilg-
mentous gseptate hyphee as a result of which there wes autolysis
ofthe hair, Majority of the follicles were spliatered off end-
ing in sutolysis of hair as o result of which many of them were
either empby or the cortex and meduila of the hair were replaced
by homogenous pinkish mass. The inner and outer epithelial root
sheath of the hadr was not involved in the degemerative process.
The epidermis had mild hyperkeratosis and scanthosis of the mgle
phigean layer. ZThe lesions in the dermis consisted of perivage
eular and perifollicular infiltration of lymphocytes.
(144) rinental Infoetion-Related Gross Lesions and Histoe
pathological Changes -
Artificinl inoculation of cattle of various ages with

prrncosun as demongtrated by Hoerlein (1948) showed that the
disense might be easily spread with either {nfected hair ang
genles oF cultures. The first evidence of lesions appeared on
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on about the 18th deys and the lesiens were uswally well esta-
blished by the 24th day. A% that time, much of the haiF over
the area of inoculation had fallen. The skin was sealy. The
hairs were usually infected on the 13th day. Some of the les-
ions showed e thiak/asbestosnlike erust in ebout two and a
half months. Natural spresd to an unineculated snimsl was
noted lesions belng present about two end a half months after
lesions spposred on two inoculated eslves. 'In ene experimental
heifer which was artifieislly infected snd which had recovered
imaunity to several types of known infective materjal was moted
a year after recovery. Guinea pigs, dogs and ¢ats vere susce-
ptible to artificial infection.

Fowle and Georg (1247) showed that inoculations with
T. plbum  and T. discojdes were unsuecessful in guinea pigs, but
‘produced typical ringworm lesions in rabbits.
| Doy snd Kakots (1988) could infeet guimea pigs with

Z. Yerrucosum,
Sellers et al. (1986) stated that after experimental

transoission with aatural material or culture of T. ver

lesions usually became evident at 14« 21 days and were well
devoloped, often with greyish-uhite plaques of crusty material
with broken-off hairs by 28 days. The lesions healed in 3 te 4
months, the cruasts falling off and leaving a scaly baid pateh
on which halr grew. Recovered animals were resistant to rein-
feotion,

The above authors made & detaeiled histopathologiecal
study of gkin biopsy eolleeted fron these experimental snimals
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and obgserved that there was extensive proliferation of myeelium
in the stratun ecorneum whieh lined the infuyndibulum of the hair
follicles. Thiek weft of mycelis were formed at the mouth of

the 50111016. Gradually, the mycelis infiltrated into the inter-
folliculapr stratum,corneum and penctrated aown into the jinner
epithelirl sheath, Hyphae which branched down wards were present
on the cortex and medulla of the heir shaft. Many shedding heirs
were surrounded and penctrated by the amycelis. The myeelia in
due course were transformed into spores. The early localised
lesions became widespread in later stages with inflammatory exu-
dates in the stratum cormcum. The interdermal and intraderaal
mioro~-abacesses around the follicles usuelly ruptured rasulsiag
in the liberation ofpools of exzudates and leueocytes,

MePhergon (19869) mede some experimental studies far

4
assessing antimycotie cgents ageinst I. yerrucosum. Iife observed
that guines pigs experimentally infected with I,

spontaneously cured within 26 days of ezperimental inooulation.
Multiple lesiona could be produced in eplves by intradermal in-

jeetion of spore suspensions of 1. verrucosum, The lesions in
his winter group of calves existed feor 10 weeks while on his

sunmer group the average was 17 weeks giving an overall average
of 16,6 woeks,

Cox end Hoore (196@) demonatreted that oxperimental
infection of rebbits with different strains of &+ ¥Yerrueosuin
follewed a similer pattern. The marked initial inflammatosy
phase was followed by the formation of an inGurated crusty lesion
- with infected hajr follicles. They remarked that the abeve
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patteraws followed in the development of ringworm in calves
but the natural disecase often assumed a chronic form and was
of longer duration thﬁm the experimentally infected rabbits.

It was further seen that recovery from infection with I. yerru-
¢osum resulted in an apparent immunity to reinfection, not

only with the homologous strains but algo strains of different
rophytes. They could not

origin and to infeection with I. mentag
' sunmerise the factors affecting immunity $o reinfection but

there was no apperent relationship between cireulsting antibedy -
titre and susceptibility to reinfection. In experimentslly in-
feeted calves with L. verrucosum typical lesjons were produced
on the body and head and diseppeared from the head cher 8 weelts.
Ho eirculsting antibody as observed in case rabbits wes detee%eé
during or after infection. Henee they concluded thgt no evid-
ence existed for any direct relationship between antibody and
izmunity although resistance of cattle to reinfection with

. verrucosw
1ike prabbits. Ihey were unsucﬂessfgl in experimentally infect-

ing guinea pigs with six strains of . verrucogum imcluding cul-
ture of bovine, equine sad ovine origin.

sum following recovery from infection was reported

Hehajan and Nohapatra (1963) falled to produce any

leaion in guinea pigs with their isolates of . versucosum
howvever, the number tested was extremely mesgre to draw any

conc¢lusion,

The experimental investigation carried out by Misea
(1871) revealed that oll enimels (sheet, goat, pig, deg, ost
aend eattle) used for repreoduction of . verrucosum jnfeetion
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manifeated the first appearance of the losions by l1- 2 weeks
vhich continued to peraist upto 3- 6 weeks in them except
eaetle, In guinee pigs the lesions disappeered by second weelk.
In cattle, howsver, the primary lesions healed up by 40th day.
The essential gross changes in all experizental snimals were
characterised by the formation of greyish white granular, pow-
dery or c¢rustaceous lesions. In cattle the lesions were more
pronounced on the skin of head, neck, and eers rather than
fleniz and ehest. In this study pup showed early papular and

pustular lesions which later developed into scales.

Misra (1971) further stated that the common micro-
scopical slterations in his experimental studies were chara-
eterised by the invesion of hair by spores or hyphae in addition
to hyperkeratosis aad perivascular cuffing in the dermis by

nononueclear cells.

Zregtment
Various kinds of treatuent ageinst ringworm due to
i+ yerrucosum in cattle have been advocated.

Baker and Davis (1954) used 'Captan' (N-trichlorome-
ehylmercaptoéﬁﬁcydhohéxane-l, 2-d4¢carboxamide) in a consentra-
tion of 1 4n 300 ¢o 1 4a 800 succesafully in the centrol of
ringwvora 4s 700 cattle when applied as a spray at the rate of
1+0 %0 1,0 gallona per aninal twice two wecks apart.

Hagarov (l968) trested ringworm in cattle by rubbing
powdered sulphur inte the lesions and by dusting it over the
rest of the body. This was repeated after 3 doys, theresfer
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only the visible lesions were treoted. 4&n alternative powder
for the initisl dressing containined three parts sulphur to
one part of copper sulphate. Al the sametime byres werg dis-
infected with a mixture of 10 parts of 4 per cent solution of

formaldehyde, five parts creolin and 10 parts kerosene in 30
parts of water,

Brander (19286) im reporting the treatment of an
eutbreak of ringworm in a Quernsey herd with a solution of
dichlorphen in spizit (strength not given) recorded that two
months after the initial treatment the ringworm lesions were
well under control.

The treatment of ringwora in eactle depended on the
stage, on the size of the lesions and on the thickness of the
erusts., iden the lesions were in the beginning stage S per
cent jodine ointment or lotioa could be used, In sdvence cases,
the external treatment was supported by systemic treatment with
sodium jodide applied either orally or intravenously (Kral,
1986).

Ford (1956)'reporeed on the treatmenat of two out-
breaks of ringworm in a group of cattle. Two methods were
used, one being the twice weekly appliecation of pheayl-mer-
curie acetate ointment (strength not given) and the other,
the weekly intravenous injoction of sodium iodide in 83 per
eent w/v golution at a rate of 3 g per cwt of body weight.
ihe above treatment greatly affected the course of the

disesse,
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FPogter (1957) conducted & elinical trial using hexa-
decamethylene~] 3 16-bis (isogquinolinium chieride) as a topiecal
antifungesl on a2 series of over 100 cases of bovine ringvwora
presenting the characteristic lasicms'ef.z. Yerruaosum. The
result of the above trisl waé very encouraging. Rapid resolu-
tion of the lesions gt all stages of development was observed
including those that had previously beea treated unsuccessfully
with other antifungel compounds. No signs of toxicity or irri-

tation were seen, .

Gold and Jomes (1963) described rapid cure of ringuworm
- 4n catitle due.to T.-diseoides after troatnent with 0.25 per cent
of hexadecamethylene~] : 16-bis (isequinolinjum chloride),

An antifungal agent 'Hexetidine' (bis-I, 3 beta-ethy-
1hoxyl-S~methyl-6-gminohexa~hydropyrinidine) was roputed to be
highly smccessfull in ringworm infected young cslves following
one treatment (Kaliss, 1963).

Lauder and 0'Sullivan (1953) claimed that dedly admi-
nistration of griseofulvin orelly at the rate of 60 mg per kg
for 8 woeks prevented the establishment of artificial infeetion
of L. yoerrucosum yn calves. Further, they could also cure the
established lesions of the experimental L. verrncosus
‘@alves vith grissofulvin,

Noskov (1953) preported complete eradication of ringvorn
in cattle by trestment with alkaline solution of formaldehyde. On
8ix forms, 200 calves and heifers with ringworn were sprayed with
a solution of 0.4 per gent formaline plus 0.8 per cent caustic
oda at 2.8 1b atmospheric pressurc and the spray was repeated
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at weekly intervals. The above treatment proved guite success-
ful in the control and eradication of ringworm.

' 0'Brien end Sellers (1963) tried four sntifungal
agents 1 0.2 per cent solution of Hexadecamethyleng-big-iszo=-
quinolium chloride, alccholic solution of 10 per eent dodine
and 2 per cent phenol, 0.1 per cent alcoholic sclution of phenyle
mercuric dinapthalmethanc disulphonate and 2 per e¢ent aleoholie
solution of dichlorphen 4in a group of yarded cattle with exten-
su@ but could
not @ssess their efficacy as both the trested and controlled

sive lesions on head and neck due to X.

enimgls recovered spontaneously.

Ivashkov (1969) treated 43 ringworm infected calvea
suceessfully by rubbing into the lesions a 5, 10 or 15 per cent
golution of éhlorphas (Diptrex).

MePherson (1989) reported that chemotherapeutic sgents
iikke benzalokonium chloride and one per cent centrimnide prevene
ted the radial extension of experimental ringworm lesions ia
guinoa pigs (infected with I, yerrucosym). Fupther, he sereened
a aeries af chemicals in vitro to ssseas the antiunycotic action
egainst £. verrucosum and reported that Captan, mon@sulphxram; |
sediuvm hypochlorite, 8 quaternery amonium compounds and 7 sur-
face active anionic detergents were effective in ten minutes
while during the same pepiod only three surface aetive agerd s
proved fungieidal.

Forenbacher gt al. (1860) obtained e complete cure of
ringworn in 128 eattle infeeted with 3. yerrucesum with topicsl
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application of a 0.26 per cent solution of Tecquil (Hexadecame-
thylene-1 3 16-bis-isoquinclinium chioride) marketed under the
name of Tinevet. The infected areas were painted with the &rug
two times at 48 hours interfals. The drug was also found effi-
eascious against experimental ianfeetion of 1. verrucosus in
guinea pigs.

Polyakov and Spesivsevs (1960) found that a 2 per
cent formaldehyde aznd 1 per cent sodiun hydroxide could kill
dermptophytes in three hours at 68 to 76 of temperature. They
elso used 2 per cent slaked lime, iodine wonochloride, formalin
linimeﬂt.emulsion, griseofulvin and sodium op potassium fodide
as fungicidsl agents for the control of dermstomycoses of farm
animals.

Succeasful treatment of ringworm could be achieved by
an gversge daily doses of 40 mg of griseofulvia per kilogrem
body weight and also by topical applieation of different anti-
fungnl agents like Tinavet, Captan, Seleen, Xydermo and Vioform
(Uvarov, 1961).

Pearson and ianikin (1962) elajmed success im the tregt-
ment of ringvworm in calves with griseofulvin in daily deses of
2.6 g in case of large colves and 2 g in smaller ones for 10- L2
deys. Tvo onlves whea given an $nter-rupted treatscnt with
griseofulvin also respoaded satisfactorily.,

Torda and Pacenovsky (1963) treated 22 ringworam calves
and heifers aged 4« 13 months within 4. 19 doys with a single
dermal apflication of 6. 10 per cent solution of bromophenyle
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1gothiccyanate in diethylens glyeol.

Blood and Henderson (1963) stated thot the only
systemic treatment of ringworm in common use in farm animal
was intravenous injection of sodiun jodide (1 g per 30 lh body
weight) as a2 10 per cent solution. Kore than oneinjection was
often required slong with topical application of fungistatic

agents.

Cobb gt al. (1963) observed considerable degree of
elindeal improvement in neturally infeeted (ringworm) ealves
when treated with griseofulvin. The minimua effective &ese
was 10 mg per kilogram 8aily for seven days as a drench or
pixed with the feed or milk.

Application of a & per cent solution of Heguvea on
the ., verrugosua lesions of 87 cattle effected improvement
4n ejght enimals after a week (Drezancic gt al., 1863), The
thick scaly deposits were removed from 33 osttle and those areas
were rubbed with 8 por cent Heguvon emulsion. In seven days,
the skin wes clean and hair growth was resumed in ©3.9 per cent
of the casea. Of 74 eattle similarly treated by the above workers
with a 3 per eenz-Aaunhal emulgion, 96.9 per cent were cured.

Tords and Pacenovsity (1383) spreyed four groups of
ringworm jnfected calves with & or 10 per vent suspension of
parabromonphenylisocyanste 4in either triothylene glycol or para-
£fin, Best result was obtained by a single spray of 10 per cent
suspension in triethyleme glyeol. The drug vas well tolerated
ond lesjions hesled compldtely within 3« 5 weeks,
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Anderson and Compell (1964) suecessfully treated

csttle ringvorm due to L. yerrucosum in four to oight weeks
with 15,000 to 300,000 i.u., of vitamin 4.

Johnson (1964) demomstrated the clinical recovery
of ringworm lesions on adult eattle and young calves by orasl
supplimentation with vitemin A palmitate. Recoveries were
Obtained without use of any other medication externally or
internally while lesiens persisted on untreated animals. Cli-

nical response oceurred in about two weelts.

Ireaotment of aalveé jinfected with Z. Ye
with 30 per cent aquous acetic pcid and after 10 days with
sulphur powder plus & per eont salicylic acid znd 10 per cent
copper sulphate was found to be effective (Baranov, 19686). |

Grunder et al. (1867) performed clinical trials by
spraying ¢Thiadiazine preparations i.e. Hoe-262 and Hoe-297
on 467 cattle suffering from Irichophyton infections alongwith
the loesl application of 0,8 to 1.0 per cent of the above solu-
tions for 47 woeks and observed that Hoe-252 treated aniasls
were complctely eured whereaé Hoe~297 could bring about 83,83
per aent clinical cure.

\

Fortyone ringworm infected beef cattle vere ém.&-ed.
into three groups which recsived griseofulvin at the rate of
14, 10, 6 883 per kg respectively for 30 days. In five andmals

YOPTHCOSWL was st41l demonstrable by culture after 21 days
bﬁt all were Negative by the end of treatment (Kielatesn and
Hulring, 1967). They alse suggested that 10 mg of griscofulvin
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per kg body weight for 30 days might be given as feed additive
to cattle suffering from ringworam.

Lex et al. (1967) treated 473 calves suffering from .
ringworn with a preparation containing 10 gms of sulphur, 18 gms
of potassium hydroxide, 6 gms of sodium salieylate, 20 ml of
distilled water and 16 ml of soap spirit (spirit sapenatus)
and observed that with one application on the skin, the condition
- gleaped up in 447 cplves and the remaining 26 celves needed
gecond application for the ecure.

Gupta et al. (1863) suggeste& the use of the active
principle of Casgia tors seeds for treatuent of ringworm in
cattle. Chrysophenic acidé was found to be an setive ingredient
‘tore seeds. jAccording to these workers, e 2 per

of the &22930
eent golution of this ective principle im castor oil base was
an eptimum and a safe concentration for the treatmeat of ringwora

4n cottle caused by the genwus Inichor

Nouman end Platzer (1963) published their findings on
o elinical triel involving 43 calves infected with L. yerrucasus
Phiabendazole used as sn antifungal ogent was compared with &
vapjoty of other treatments. it was found that 2~ 4 per ceat

thiabendazole in an ointment base (Lanolin and vaseline) applied
twice 3« 6 deys apart produced good results with full elinicel
recovery. ZThe addition of dimethyl sulphoxide to the ointment
had no Significant effect., gpraying with thisbendagole in s
watery emulsion was not found to be effective, neither was oral

treatmente

Hikiforov (13G3) observed that I, faviforue
sitive An ¥itro o 0,66 - 2,08 microgram per ul gmaeofulvan and
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in calves the infeetion was prevented by 10« 80 mg per kg
over 35 deys. Ointment containing l- 2 per cent of trichob-
necin controlled infection in calves within 7- 30 days with
no relapse after 4~ 8 months.

n yitrg tests gnd experimentg uging mice, guinea
pigs, cattle, and horses proved 'Bay Va 5337' (3-ethylemino-l,
2-benzisothiazole hydrochloride) to be gn effective broad spec=

!

trum fungicide. Used Bopieally it was effective agaimst varicus
species of IZ§ gu_ {Plempel and

chophvton fneluding L. verrue:
E@Qh&g@n’ 1968).

Becker (1869) gpplied Defungit (bensuldazic acid)
topically by meang of different models of spray apperatus in
irjehonhyron infected cattle. He observed that 0.28 per
cent and 0«3 Per cent solutions were effective but 0.8 per cent
golution was ¢onsidered optimum.

in 8 preliminary $n ¥itro trial,Cuturic and Hajsig
(1969) attempted o grow mycelis of f. yerrucosns in media con-
taining various concentrations of six different fungicides in-

~ eluding trichloPphen 2nd centrimide (cetavlien), Of the fungi-
cides vhich proved offectyve gn ¥itro and which were then tested
in treatoent of ¢ight herds of oattle affected with ringvorm,
only trichlorphen eond centrimide and also the later assoeinted
with o loeally Produced 1jniment gave satisfactory rosults,

Gupta and Singh (1969) studied the comparative effect
of salieylic benzoie aeid oyntment, acetic seid (20 per cent),
Asuntol (6 per cent), Heguven (& per cent), formelise sodium
hydroxide gsolution, copper sulphate unsisked lime spray and
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@risovin F, P, tablets end recommended the use of copper
sulphete-unslaked lime sgras a5 the most effective treastment.

Sulphur (2 g) and methjonine (2 g) added dajly to
the diet of calves hsd a curative effect within 25-30 days
in recent cases of ringworm. Nore than 60 days were however
necesaary in neglocted cages where deepor layers of skin were
$nvolved with no cure in some Gases. Sulphur and methionine
were easy to administer, improved the condition of the animals
and algo had a preventive offeet (Ugzuev, 1969).

Viola end Stefron (1969) sugzested the use of trich-
lorphen (Heguvon) for thé treatuent of ringworm in celves. They
treated three groups of cattle showing the lesjons of ringworm
daily for seven days with solutions conteining 4 per cemt, € per
cent or 3 per cent trichlorphen, rubbed into the lesions. UWith
the highest concentration complete cure was obtained in & days
put toxic syuptoms, salivation and dyspnoea, were observed in
gome cealves. The 6 per cent ointment saﬁe complete cure 1n\

7 deys with insignificant toxic symptoms, the 4 per cent con-
centration caused no toxic symptoms bﬁt a week after treatment

six of the 25 calves were not completely fres of ringworam.

Hisra (1971) mede an in vitro goreening of 46 test
ageats consisting of 36 extracts of pleat materjals, tvo oils
snd eight eheuicals to goses their antifungal aotivity egainst
x out of which 35 test sgents were found to possess

ﬂﬂim3“°%$° activity. Chloroform extraets of Carcuma long
Thibendole, Difoletan and @ris@ofulvtn were found to h&?@ sabia—

fastory antifungal asctivity against I, in a ¢linieanl
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trial, he further demonstrated that griseofulvin € 20 mg per
kg of body weight given orslly every day for 15 days cured
I. yerrucesusm infection in calves. Daily application of

Ephytel lotion and Multifungin ointment for 15 days gave vari-
able results, | |

 Satije and Gautam (1972) treested an outbreak of
cattle ringworm due to I. yerpucogum snd reported the effec-
tiveness of foné drugs viz. ijodine ointment (& per cent),
acotic acid (40 per cent and 30 per cent), Alugan (0.2 per
cent) and copper sulphete-unslaked lime spray. Out of these,
copper sulphate unslaked lime spray was found to be very
effeetive for treating ringworm in herd problems. Alugan

0.2 per cent was also equally good. Jodine. olatment and 40

per cent acetic seid were found good ia individual cases
but 30 per eent acetic acid was irritant and esused wounds.



CHAPTER 11X
MATERIALS AND METHODS

The present study was undertaken in the Dopartunent
of Veterinery Medicine, Orisss University of 2griculture and
Technology, Bhubeneswar, duping the period from May 1871 to
£pril 1972, Cattle of various age groups, breed, sex and
localities wore studied during the course of investigation.
Zhe sourses imcluded wore Cutteck Goshala, District Livestock
Breeding Parm (Cuttack), State Livestock Breeding Fara
(Chiplima), Univepsity Research Dairy Parm (Bhubaneswar),
Central Clinie (Orissa Veterinary College) and Private herds

in Bhubaneswar N. Ae Cu APC8.

on careful cliniczl exemination cattle showing Gharg-
cteristic ringworm lesioms were selected. active ringworm
lesions were located on each affected animal. The lesions were

sponged with 70 per cent alcohol to remove surface contalinants
pnd medications. After the aleohol was dried, the setive edges
of a fou lesions were scraped slowly and gemtly with a flame~
sterilised Barll Parker knife. The sorspiugs thus collected '
1aslnﬂedlu&ara and sceles, packed iR a piece of white paper emd
kept im a small white enveloﬁe. The skin serapings were ¢olleg-
ted from each ringworm infected cattle saparstely in an eavelape
with an informetion sheet conteining date and source of collec-
tion, age, sex, breed, site of lesions, desoription of the
lesions etc. These were then brought teo the laborstory for

expmination,

SN




- 4 small portion of the elimical material (hairs and
sgales) was placed in one or two drops of 10 per cent potassium
hydrozide (KOH) on a ¢lean glass slide and was covered with a
thin coverslip. The preperation was heated gently over a flame
for a few seconds without boiling., Then it wos exsmined under
the low and high powers of the microsecope for the presence of
fungal spores end mycelium and their srrangements. ihen the
primary  KOH nount examination 444 not reveal fungel elements, .

were preaérveﬂ in & Koplin's jar for overmight and vas agein
oxamined,

(1) Primary Iseolation in Different Media ¢

ALl siin sorapings cdlected were examined culturally.
Each sample was sereencd im four different media viz. (1) Sabour-
aud's dextrose ager (dextrose 40 g, peptone 10 g, agar 20 g and
distilled waeter 1000 ml, pH edjusted to 85.6), (2) Saboursud's
dextrose agar with thiamine (0.08 per ceat), (3) Sabouraud's
dextrose sgar with 0.5 per cent Lablemco end Brain Heart 4ianfu-
adon ager (4 per cent in distilled water), Each of the above
media was fortified with actjdione (Cycloheximide), penieillin &
sadiun and streptomycin gt the rate of 0,6 mg, 20 units and 40
units mecs&wly. For every sample eme tube frem each mam
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heat sterilized and cooled nichrome needle. Gkin scrapings
were inoculated at " . two different plaves on the media.
The inoculated tubes were inoubated at room temperature '
(25-30°C) for a period of four weeks. If no growth was
obgerved after the fourth week, the tubes were discarded.
The dermaztophyte colonies (suspected colonies) appeared
during incubation were transferred to another tube contain-
ing gebourauvd's dextrose agar and thiamine to avoid contami-~
nants, Then each isolate wes atudied for identifications

(11) Mecroscopie Exemination of Cultures :

The gross morphology of the colonies (rate of growth,
general topography, texture, surface pigmentation and plgmen-

tation on reverse) of each isolate was observed end noted,

(144) Mioroscopic Examination of Cultures :

. (a) Examination in Mounting Pluid s+ A small por-
tion of the culture was removed with a flamesterilised nichroae
noedle, placed on e slide, torn apart with two sterile neasdles
in a drop of lactophenol or lactophenol cotton blue? and covered
with e coversiip. The portion of the culture was always taken
from the edge of tﬁe colony in older culﬁnrea and pref@rably
from the centre in younger cultures, The preparation was then
viewed under low and high powers of a mieroscepe.  All cultures
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¢ Laoctophenol cotton blue was prepared@ by mixing phenol 20 g,
laotic acid 20 g, glycerin 40 g, cotton blue 0,08 g and
distilled weter 20 ml.
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vere studied in this menne® at various iatervals of incubstion
for a month end the cheracteristic micromorphology was noted.

(b) Slide Culture Technigue 3 About 15 ml of
Sebouraud 's dextrose agar was poured into a sterilised petri-
dish end was alloved to solidify. Asar blocks sbout one om>
end 2- 3 mm deep were obtained from this by using a flanme
sterilised knife. & slide was placed on a bend glass rod 4n
the bottom of a petri dish, covered and were sterilised. 4
bleck of the egaP Sguare was placed on the slide in petri dish
using sterile technique. The centre of the four sides of the
ager block were inoculated with the study fungus and a2 sterile
coversiip was placed centrally over the 1hoeu1ated agar block;
Then about 3 ml of sterilised distilled water was added to the
petri dish to prevent desiceation of the eulture. This was inou-
bated at room temperature (265~ 39°C) end the slides with the
groving cultures were removed from the dishes and viewed undep
s microscope periodieally for 20 days. After sporulation was
marked, the coverslip was lifted carefully and placed on g drop
of lactophenol eotton blue over a clean slide with the mycelial
surface down. The agar block on the slide was also lifted gpd
discarded. A drop of lactophenol eotton blue was placed on this
slide end covered with o clean coverslip. The excess mounting
£lusd was blotted sway from the sides of coverslips of the Bwo
preparations. The edges were sealed with nall polish snd both
were exsmined under a miorosdope. By this tochaigque the undg s
turbod sporulation cherscteristios were atudied,

(a) Examination of Mierophorphology of Cultures Grown
on Bpeeisl Meida Bach atrain of the 4golation whieh wepe
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a6t 1dentified through the esrlier examinntions were inocula-
ted into the following special medis viz. Rice grain medium
(ajello et al,, 1963), sebouraud's dextrose agar with 1 per
cenat yeast extract end corn meal agsr (Difu@) to induce sporu-
lation. The cultures of each strain from all the three media
- were examined in laas°phenol eotton blue and studied for th@

presente of aicroconidia and macrocoaiﬁaa'

(1) Rutritional Tests

Casein agar was wsed as the basal medjum for uﬁtria
tional studies and various vitaomins incorporated were thiamine,
inosjitol and nicotinic acid.

Stock casein agar consisting of casein 10 per ceant
acid hydrolyged vitamin free 20,0 ml, glucose 40 g, Mg 80,
0s1 gy KHp PO4 1e3 g, oger 20 g and distilled water, q.s. 1000
Bl was preopered, After dissolving the medium by heating, it
was distributed into Erlemmeyer flasglits (100 ml per flask) and
antoclaved for 16 minutes at 120°C. Pert of the mediun was
d4gpenged into test tubes and used as contrel (vitamin free).
The reat of the mediun was used for incorporating various vits-
ning.

Similerly atock vitamin solutions viz. Thiamine 3@13,
tion (thismine hydrochloride 1.0 mg + Giastilled water 100 ml),
inositel solution (inositol 250.0 mg + distilled water 100 ml)
and iicotinic acid solution (nicotinic acid 10,0 mg « distilled
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water 100 ml) werc prepared. These vitamin solutions were
autoelaved at 120°C per 10 minutes and stored in refregerator.

Thisnine-casein agar, inogitol-easein sgar and
nicotinie aoid-césein agar were prepared by addimg 2 ml of
stock vitemin solution £86 100 ml melted @asein agar. In the
preperation of thisaine-inositol-casein agar solutioas of
both vitamina (2 ml each) were edded to 100 ml melted eése&n
agar. DEach medium was distributed into test,tubes sterilised
and slanted, '

Twenty strains of I, verrucosun grown on Sabouraud’'s
dextrose agar wore taken to study their autritionsl requirements.
Two tost tubes from cach of the different vitamin incérper&t@ﬂ
media were inoculated with only one small particle of the invesgw
tigated culture (the size of the pin heed) to avoid Sransferpe

4ng the not vitomin free medium. Another $wo casein agar tubes
(without any vitamin) were also inooculated with the culture and

were talken as control. These inoculated test tubes were fncu-
bated at 37°C for 7~ 10 days, After inoubation the comparative
growth of colony of ceach strain in different vitamin incorpora-
ted casein agar tubes grd control tubes vere studied and recor-
ded.

(44) Bair perforation Test

Eeratinolytic activity of 20 strains of 7. verpucoaw
which vere used during nutritional test vas studied on hsir
eulture in ¥itro by modified slide culture technique (Lu, 1953).
The hairs of human adult, cattle, goat, dog and Pabbit were used
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in this study. Two kimds of culture media were used for
slide cultures: (1) 2 per cent plain agar without additional
nutrient aaag (2) 0.1 per cent yeast extract was added to
the plain agar to observe the effect of nutrition on the fungus
grovkh and hair digestion. To obtain a thim layer of agar,
15 ml of autoclaved medium was poured into sterile petri dish
and cut into smell blocks (one c¢m in length and 0.8 em im widsh).
The bairs obtained were thoroughly washed with a shempoo, rin-
sed 4n distilled water and was allowed to dry in room tempera-
ture. After drying the hairs vere eut iato short strands of
1,6 to 2 em in length. All hairs were sterilised b& autoclaving
at 120°C for ten minutes.

A block of the above culture medium, one ¢m in length
and 0,6 cm in width was placed on the glass slide lying on a
p-shaped glass rod at the bottom of “a petri dish. These agar

ploeks were inoculated at centre for their eatire length with
gum culture so

inoeulum obtained from the margin of I, Yerruca
be tegted. With sterile foreceps the halr strands were placed
at o right angle to the line of 4noculum. These preparations
vwere covered with a sterilised cover glass gently pressed to
cause adherance to the agar block. Sterile distilled water was
added to the petri diches snd the slide cultures were main-
tained at room temperature for a month. Periodically, strands

of hairs were removed from the petri dish, placed on a slide and
eleared in a drop of lactophenol. Then they vere exanined uader
n microscope snd the mode of perforation or destruoction of hale

caused by I, yerrucosum was noted.




The natural infection of I. verrucosum in eattle
vas investigated in Cuttack Goshala, University Research
Dairy Fara, Bhubaneswar aad Distriot Livestock Parm, guttack
and observations were recorded for one year. A detgil ascount
df the outbreak during the first investigation in Hay 1971 and
history of previous outbreaks were collected, Informations on
the number of shimals affected with L. verrucosum fnfection
durihg the study period, their age, seasonal variation of the
discase and nutritional status of the affected animglg vere

ecollected,

Clinical Lesions :

The clinieal lesions produced in cattle at various
_steges of the disease were observed, The type of eliniecal
lesions and their site of prediliction were recorded, :

(11) pistopathology ¢
3kin biopsies were collected from active lesions of

natﬁraily infected (L. yerrucosum) ealves aend preserved ia 10
pér cent neutral formal saline. The skin tissues thug presepr-

ved were processed, sections at 4« 6 microns were cut gnd strained
by Heematoxylen-Eosin and pAS staining methods for studying the
various tissve changes and presence of fungal elementa,

Experimental inoculation studies vere carried out oa
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two healthy male calves (about one year of age) obtained

from the University Research Dairy Farm e2nd on six rabbits

of both sexes, The calves were free from any skin disease.
During the experiment eash calf was kept in separate pen and
meintained on a balaneed diet and green grass. Rabbits

" weighing about 500 g to 1 kg were utilised for the experimen-
tal studies., Each rabbit was kept in a separate cage @urﬁaé
the experiment, Wet bengal gram was givea as feed to the rab-

bits with supplementation of green grass.

(i) Preparation of lnoculum :

' varjous strains of I. yerrucosum isolated vere maine
tained on Sabouraud's dextrose sgar tubes at room temgarmtuyé
and subcultured monthly. Standard suspensions wers made from
the abava.cultures after verifying their purity under e microe-
geope. About one cmg of surface grown fungal culture vwas re-
moved by a loag nichrome needle aseptically and grinded by
gtepilised glass homogeniser in 6 al of 8abouraud 'z broth (dex-
trose 40 g, peptone 10 8 and distilled waterlGOOQ ml). The
number of viable spored in suspeasions was determined retrose
pect, in certain experiments by plating out on Sabouraud’s agar
plate and counting the bumber of colonies developed after 7-10

days 4ncubation at 28~ 30° ¢,

portions of skin sorapings (heavily infected with

arthrospores of . yerrugosum) eollected from natural Z. yerry-
Ul dafected calves were grinded by & sterilised gluss moptyr

and pestie dn & ml of Sebouraud's broth.




(13) Exzperimental Inoculation 3

On.: each ealf 24 sites (cach 2 emg) randomly distri-
buted all over the neck snd body were selected for experimen-
tsl inoculation. The sites were shaved, cleaned with 70 per
cent aleohol by swabbing and allowed to dry. The areas were
then scarified by a scalped blade gently and infeeted by
plae;ng a drop of fungal suspension on each séarif&ad area.
One calf received the clinical material suspension while the
other received the culture suspension.

Rabbits vere close shaved on both flanks snd seari-
fied with a scalped blade 4n three selected areas on each side.
With culture suspension of T. verrucosusm rabbits were infected
by placing a drop of chlamydospore and mycelial ﬁuspensiea in
infusion broth on scarified skin. One rabbit was infected with

six different strains of T. verrucosum maintained ia the labora-
tory for different periods. One strain was received from All

‘1néia Institute of Modicel Selences, New Delhi, Another five
strains éf £ yerry 1yere Used to experimentally infect £ive
rabbits separately. These five rabbits after recovery from
above experimental infection were reinoculated with howologus
or different streins of R. yerrucosum. On each occasjon She
virulence of the strajin was eonfirmed using en uninfocted
rabbit.

{111) Record of Gross Lestons s

The ezperimental calves were obscrved daily for 3
uonths to study the development of lesions. 5Skin serapings
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were collected poriodically from these experimental lesioens
and examined m&eroaeopia&lly. The experimentally infeeted |
rabbits vere followed for 1f to 2 months snd the obgervations

were reeorded,

(iv) Histopathology :

Szin biopsies from these experinmentally infected
calves and rabbits were collected and préserved in lotyer cent
neutral formal saline. The tissues were processed, staincd
and oxamined in the similar way as that of natural infection.

"_gg Yerrucosun i

Twentytwo skin scrapings® from ringwora (I.verrucosum)
infected calves collected during the period from 7th April 1970
to 7th June 1970 were péesarved in the laboratory at toom tem-
perature to study the survival period of spores of 1. yerrucogum.
All the skin serapings were ROH positive and culturally poaitive
for T. vyerrucosum when previously examined during 1970 (Misra,
1971), On 10th spril 1972 all the skin scrapings along with
their envelopes were placed on a thin layor of thymol crystals
covering the bottom of o $in contsiner and were tightly closed
for 43 hours. After 8 days each sikin seraping was examined by
10 per cent KOH fgr the presence of spores and hyphae of
p S gum. Simultangous cultures were also made from each
sanmple on Sebouraud's dextpose eger with thismine, chloramphend-

yorrnes

cnanmqnwadaqn.ggggﬁﬁa“ﬂ~,,“‘naanno»an«Qnaénn&aaqu¢auo¢~0‘~~*°"

* Bamples were pegeived for study by courtesy of Dr. S.K.Misra,
Dean, Faculty of Veterinary Science & snimsl Husbandry,

banesvar - 3, Ori3sa.
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col and sctidione. The findings of KDH examination and cul-

tural examinstion were reqorded.

The therspeutic efficscy of two chemicals viz. Thi-
bsnﬂolel and Bifblatang andé one plant extract viz. chlorferm
extract of Curpuma longa L. (Haledi )a having in vitre antifua-
gal activity ageinst I. verrucosum (Misra, 1971) vere aasessed
ip vitps They were tried both in experimentally and nsturally
infected (I. verrugosum) calves. 8lkin toxicity test was also
eonducted in all cases. The therapeutic efficacy of each was
assessed on the basis of three tests (gupta, 1967) viz. elini-
eal improvement, microscopical examination of skin scrapings
(KOH test) and cultural examinstion, fThe term 'effective or
cure' was used when the experimental or clinical lesions dig-
asppeared, microscopical examination and cultural exemination

failed to reveal the organiam,
(1) 9kin Toxicity Test s~

Rabbits and guinca pigs were used for skin toxicity
test. The test agents were spplied (toplcally) repeatedly on
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1. ¥hibendole s 4 product of i/s Merck sharp and Dhome of
India Limited, Bombay, Egeh 20 g of Thigenﬂole contains
15 gm of Mbendamlg. 2

2. Difolaten : A product of /8 Chevron Chemical and Coa
M%d&galatomm «HeAs Difolatan or sulfenide (i=(1,1,
2, 2-tetrachlopethyl nyprophthslimide) is an organic ohlopl’

ted hydrocarbon used as & follicular fungieide or seed pro-

nste
~ tectant in agrsculture.
3. Chlorofors extract of gueguaa longs L. - Bxtracted by soxzhae

lation with chloroform.,
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the shaved skin of both rabbits and guinea pigs for four months.
gross skin reactions and histopathological ehanges in the skin
biopajes collected from these rabbits and guines pigs were
studged. |

(11) Evalugtion in Experimentally Infeeted Calf

The ealf which was experimentally infected with cul- -
ture suspension of Z. Yerrucosun during pathogenesis study was
utilised in this trial. Out of the 24 inoculeted sites 13
sites heving distinct lesions of T. verrueoapm vere selected.
Ointmcnts of Thibendole (6_pér cent and 7 per Cent), Difolaten
(1 per cent and 3 per cent) end Chloroform extract of Cureuma
longa L. (10 per cent) were prepared in veseline. [Dach oint-
ment was applied topically on three different leslons thrice
veekly for 3 weelts, The lesions were selected randomly for
application of esch ointzent. The rest three lesions on the
same celf were kept as control. After 16th day and 20th day

of initial treatment the trested end control lesions were ex-
posed to the three tests described earlior. after 20th dey

of examination the various caneenﬁratxons of test sgents which
satisfied the three tests (i.e. cxperimental leslons disappeared,
mieroscopical snd cultursl exsminstion beceme negative) were
talten as ‘eoffective’,

(11) Clinjcel Trial

During the course of this iavestigation s elinscal
trial was conducted in calves suffering from natural infection
of T, ¥oprucosum in Cuttack Goshala., The calves were a mixed
poptletion of Haerjena, Godebari end nondeseript breed and were



83

under one year of ege. Thirtyfive calves having gotive
ringworn lesions (positive fer I. yerrueosum both microsco-
pically and culturally) were divided into five groups and
kept in separate enclosures, Group 1, Group II and Group III
received the topical application of & per cent Thibendole,

3 peor cent Difolatan and 10 per cent Chloroform extract of
Cureuma longs L. ointments (in vaseline) respectively thrice
veekly for 2~ 3 weeks. While Group IV received oral treoatment
of Thibeadole (€ 85 mg of thiabendazole per kg body weight per
day) for 15 days. Group V remained untreated throughout the
treatauont pericd. 1In the beginniang of initiel treatsent, the

erusts of the lesions were scraped and then the ointments were

applied,

Calves in each group were observed for their clinj-
cal improvement on eyery 2- 3 days interval. Simultansous
microscopical and cultural exsmination of the skin scraping
fron these calves were also made on the same day of obgervas
tion. 7The results of these three tests vere noted.



CHAPTER IV

REAULES

The present investigation 1nélu&ed 4910 cattle

of different age groups and vere fros various sources (feble 1).
The sources were dairy ferms and Goshela where the animals were
kept in groups, the Central Clinic..of the College where animals
were presented from small number of cattle (1~ 4) maintained DY
Government servants in Bhubanoswar city and by farmers from its
‘neerby villages and small herds of cattle (10~ 185) maintained
by Gowalms in Bhubaneswar H. A. C. area. The later group of
cattle had a poor nutritional status and were always kept in &
poor hyglenic eawironmwn&.‘ out of 4910 cattle, 756 were under
one year of age, 681 were between l- 2 years of age and 3503

were above two years of age.

O0a clinical examinstion it was observed that 174 cases
(3,54 per cont) were exhibiting characteristic ringworm lesions
(Fig. 1,'2, 3 and Table 1), Among calves undepr one year of age
166 cases (20.G3 per cent) and between l- 8 years of asge 13
cases (2,76 per cent) hed clinicrl lesions of ringworm. Adults
were froe from infection. The percentage of incidence in rele-
tion to nature of sources is tabulated in Teble 1. In farms and
Goshala the incidence varjed from O per cent to aa.ﬁs'per cent
and the percentage of cages frem other sources were 2,32 to
84780



TABLE 1, --

Detalls of Cattle, Thelr Souree eni Imcidence of Climical @ases of Ringuorm.

2

- 2otal

Zotal Per-
{0 Souree Eo.of Age groups Eo.of een-
S vi® Under omo year Botwsen 1-2  Above 2 corvie tage
ned : Jeaxrs X88ES ___ eally
Ho.0f Ho.of Ho.0f HNo.0f He.of No. of posi-
anjmals animels ani- anim- anim- animals tive.
excmined,clini- mals als als clini-
eally exgaj- ¢lini- exz- cally
pPOSi~ ned. ¢ally mined. positive
tive. posi-
- ———m obive e ——— -
1. Cuttack Goshzala. 21 68 41 a2 5 874 - 48 6.83
2. Bistriet Livestoek
Breeding Param, Cuttack. 138 38 i8 28 - 128 - 13 .87
3. State Livestock Breed-
m ? mg Wplim- 43 39 M M - - - 14 32;55
4, University Research
° W Fm' ﬁaﬁc&of.’ é3 13 - 15 - 35 - - 4
BhGbaneSWaY.
8o Centrel Clinje, Orissa
Veterinary Colliege, 1270 133 23 180 7 827 - 35 2,78
Bhubgne swar. \
8. Privete herds in
Bhuebsneswer H.,A.C.area 2622 428 86 366 8 1342 - 61 232
TOTAL = 4910 156 651 12 3508 - 174 3. 56
(20.63%) {2.76%)

02
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Clinical materials (scales and hairs) examined in
10 per eent XOH mount showed the presence of fungal elements

in 146 seaples (33.90 per cent) whereas the rest 28 ssmples
{16, 10 per cent) were negative. The hairs vere seen to be
invaded with large number of fungal aspores measuring 4- 10 mi-
erons in diemeter and hyphae in 138 assmples (94.52 per cent)
out of 146 sémples. in these samples the spores were marked
to be arranged in sheath or in 1solated ehains lying on the
surfzce of hair and also the interior of hair was invaded by
arthrospores end hyphee (ectoendothrix hair invasion Fig. 4).
Bight assmples (5,48 per cent) showed only pure endothrix inva-
gion of hair'(Fig. 5). Among these 146 samples the skin scales
of 26 gsemples revesled the presence of branched septate hyphee

(more or less erthrosporulated).

(1) primary isolation in Different Media :

It can be ssen from table II that cultural examina-
tion of the clinical materisls (both KOH positive and negative)
in four different medis vig, Seboursud's dextrose agsy, Sabour-
aud's dextrose agar with thienine, Saboursud's dextrose aga¥
with 0.6 per cent Loblemeo ond brasn heart infusion ager yielded
21, 67, 23 and 61 ysolates of dermatophytes respectively (Fig.6).
Brain hesrt infusion agar gave the maximum asumber of isolationa
(38.06 per cent) whioh was followed by Seboursud's dextrose agar



TABLE Il. =~ Bosults of Culbupsl Bxeminsticon ia Different Media.

HOH Hegative (23)

?@tal mmh@rl@f

Sle Heme of the medis KOH positive (146) s T 9a
Culture  Culture Cultare Cultuse ?@t&l §0. Of
positive THegebtive positive negative 1solaticns im
_ . ‘ . ‘ﬁif’f@x&em media
1. 3=boursud's deztrose 21 25 - 23 21
agalr. (24.331) (36.62%) {160:5) £12.08%)
5 83 -4 26 87
(36.,30%3 (€63.708%) (14.23%) (35.728) (S2.753)
23 112 - 23 23
(18.174) (30.33%) {100%) (15.09%)
4, Brain heapt $infe- &3 23 3 25 &1
gion agar. (39.72%)  (60.23%) (10.71%) (39.29%) (35.,08%)

a9
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with thismine (32.75 per cent).

PABLE Ili. -~ Consolidated Result of KOH Examingtion and
Cultursl Examingotion.

Clinically ROH KOH
suspected ‘ positive Negative
@ases ‘ | |
174 146 (83,80%) 23 (16.10%)
Culture positive 60 (34.48%) - 8 ( 2.37%)
Culture negative 26 (49.42%) 23 (13.23%)

It ean be further noted from table Iil that 66
samples of clinical materials were culturally positive although
Saboursud's dextrose agar with thiamine and brain heart infusion
aﬁ@f‘?leldea only 57 end 61 isolates respectively., Hore number
of clinical materials became eulturally positive when cultivated
sioultaneously in both the media in comparison to their eulti-
vetion in individual mediun. However the total number of iso-

letions did not exceed 33 per cent.
?able 1311 shows a clear contrast between two positive
figures viz. K0H positive and culture positive.

-gnd Microscoplc Examination of the Isolates and
(1) %ﬁgﬁ Identificetion

All the 66 1solates of dermotophytes were identified

6 S )

a8 Ze YOr: dn the basis of macrgy s nicroscopic exsmination
of the cultures. Three clinical samplos positive for L., YGEEMCO-

gunm also revealed the presence of another pure culture of fungus



{not:a dermatophyte) which was jdentified as 5
brevieoulis (Fig. 7), |

The rate of growth of I. YEEEuCOSUm W
slow end the eolonies attained a diameter of B~ 16 mm after
e fortnight. The colonies were usually heaped and deeply
folded or lﬁbﬂl&%e (Fig. 3). The texture was moist and gla-
brous or powdery or velvety. The surface colour was white
tan: or yellow. The reverse colour of the colony vas yellow
- oy abseant, | | |

Microscopical examination of all the isolates of
VEEIueasul revealed large number of chlemydospores and
thin irregular mycelia (Pig, 9). The chlamydospores were at
times in chains. o microconidis or macroconidie vere detected

in any of the cultures, Specicl media viz. Fice grein medium,
corn megl sgar and Sabouraud'!s dextrose agar enriched with one
Per cent yeast extract did not help in the pro@uebian of nioro-
oF macrdeonidia in any of the isolates.

(1) Nutritionel Requirements s

The vitamin requirements of 20 isolates of 2. yerru-
S0sum heve been mentioned in teble IV, Nono of the isolates
grew $n vitanin free casein agar or in casein agar fortified
vith nicotinic acid medie, The growth of all 20 strains of
L+ Yerrucosum was stinulated on casein-thiamine-inositol media
Wi%h vawwana degree of gwpwth (+4++ to +++4), Eighty per cent




65

-

of the strains showed some growth into subsurface of casein=
inositol medis while growth in the reat 20 per eent were in
casein~thiamine media alone. | |

TABLE IV, -- Hutritionsl Requirements of §. verrucosum.

fio. of Casein Casein Casein Casein sgar Casein
strains agap agap * agar + ¢ thiamine agar ¢

Total-20 thiamine 4inosi- <+ inositol Hicotinie
e mmmmn e m————nemmaaemam—m——— e nnan
: ; ] . vt .-
6 | - - & P4 -
4 - ot - | e o -
1 - @w - *4d -

- 3 Ho growth.
+ = gome growth inte the subsurface of the medla.
14 + = Qgrowth eveluated by comparison.

(41) Roratinolysis of Hedirs in ¥itro o

in studying the keratinolytic activity of twedty
8tPains of L. yerrucogu
8traing perforated the hairs of cattle, dog, goat and rabbit.
But five otrains perforated human adult hairs coxially (Fig.10)
within 11~ 17 days with an eversge of 14,4 days only whea cul-
tured on agar media enriched with yeast extreset (Table V). No
perforation was observed when tested inm plain agser mediuim.
{he number of perforations on eech atrand . Varyeq  from

5~ 18,

m 1t was observed that none of the




Fig. 1. Calf éhowing characteristic ringworm
(due to T. verrucosum) lesion around
the eye.

Fig. 2. Calf showing characteristic ringworm
(due to T. verrucosum) lesions on the
forehead and base of the ear.

- 66



'-Fig. 3.

Calf above one year of age showing
characteristic early ringworm (due
to T. verrucosum) 1lesions on the
dewlap.

Fig. 4.

Hair showing endoectothrix invasion of
spores of T.verrucosum in KOH mount x 450.

67



63

Fig. 5. Hair showing endothrix invasion
of spores of T.verrucosum in KOH
mount x 100.

Fig. 7. Twenty days old colony of Scopulariopsis
brevicaulis grown on Sabouraud's dextrose

agar.
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Fig. 8- Twenty days old colony of I.verrucosum
grown on thiamine enriched Sabouraud's
dextrose agar.

Fig. 9. Photomicrograph showing irregular mycelia
and chlamydospores of T. verrucosum.




Fig, 10.

Photomicrograph showing coxial
rerforation of human adult hair
by the spores of T. yerrucosum

X 450,

3
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TABLE V. -~ Hair (Bumen Adult Holr) Digestion of T.verrucosun

8l, Strein Pay on which Form of per- No. of perforations

No. Hoe. erforation foration.  observed on esch
S SR . AU
1. ¥=6/71 15th Coxiel | 6 - 16

2o V-Q/?l 15%h 0= 9 - 16

3. V-20/71 11th ~do- . 618

4, V-22/72 17th ~do= . 8-16

6. V=-10/72 14th ~do- 10 «182

snslysis of data collected by Misra (1971) and the
present study carried out im Cuttack Goshala, District Lives«
took Farﬁ, (Cuttack) and University Resespch Dairy Farm,
Bhubgnesvar, revesled that . Yerrucogum magggag occurred as
outbreaks and the duration of perhistence of infection wes
variable. In Cuttack Goshale the infeetion vas present duriaaf
early part of 1970 and continued till 1972 .ffecting new cale
ves vhich were included in the group from time to time. But
in the Distriet Livestock Farm, Cuttack, the outbreak was
prosent during 1970 and 1971 and duwring 1972 not a aingle case
was detected, Similerly in University Resesrch Dairy Farm,
there wes an outbresk of T, yerrueosum infection during 196870
but during 197172 the farm wes complotely free from infection.

| In summariging the information collected during Gol-
lsction of clinicel materiels from 68 samples ylelding Z.¥ergu~
gogun cultures and follow up of natural caaes,the followiag
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frets were observed :
{4) Age Distridbution

Table VI: illustrates the age distribution of the
65 calves culturally positive for . yerrugosum. slmost all

cases viz. 61 (93,84 per cent) were under one year of age.

TABLE V1. -- Age Distribution of I, verrucosum Infected

G&ttleo
ZTotal No. of dge groups |
eases v
Under one year Between 1~ 2 Above 2 years
years |

65 61 (93.34%) 4 (8.16%) -

(14) Secasonal Distribution :

Table VII depilets tbat larger puaber of cases (64.61%)
of I, ¥ infected calves were detected during May to
August and the incidence was low during January to April.

B PPUCOSTm

TABLE VII. -~ GOeasonal Distribution of L. . \
Infected Cabttle, 3. XaIrusasud

Month and | No. of casesobserved : Pereentaée |
Yeer (Zotal - 65) %)
M 71 3
;y g}‘ % g a2 64.61
. .
eust 71 29
aeptamlm' 71 2
Ootober 71 2 14 21.54
llovember '71 4
?emmbar :;; g ‘
snuary ‘ )
Pebruay 172 3 |
Hapeh y 3 g) ® 13,95
April 172 ) §
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(444) Oliinical Lesions @

The lesions in the beginning were small nodules
which were covered by hairs and were detected oanly on eareful
clinical examination. These small nodules gradually became
flet, rounded, sharply defined and enlarged in size. These,
roundod areas were £irst covered with scales and later with
heavy grayish white crusts viz. asbestos-iike crusta. Soumc-~
times these lesions coaleseced, The boarders of the lesions
were slightly raised and the lesions measured sbout 1~ 4 em
in diameter, A4 raw bleeding surfece was left when the scales
and crusts were scraped off from the lesions. 1n the early
infective stage slight itohing, rubbing the affected grea

against wall, woodworks ete., was marked,

The ususl sites of lesions were the face, around
the eyes (Fig. 1), eers neck (Fig. 2) and dewlap (Fig. 3). In
some eases lesions all over the body were also marked. fThe
location of the ieéions in the sbove 65 eases have been summeri-
zed in table ViIl. The lesions in majority of the ceses
(43,03 per cent) vere loented on head, neck and dewlap, Claves
ozanined at Chiplime showed gencralised lesions and the skin
serapings collected from these generalised lesions in three

calves revesled the presence of 3. brevigcsulis,

TABLE VIII, -- lLocation of I. X sions in 65 cul
AB L tive cu%@.&smm&a Lesions in 6 ture

81. location of Lesions Ho, of cattle Perceantage

3+ Head (Porehead, face around the 18 £23.03
eyes and ear) .

2, RNeck and dewlap 16 24,61

3+ BHead, nedk and dewlap 23 43,03

4. A1l over the body 6 9,23
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{1v) Course of Infection 1

individual cases followed during the study were seen
to perﬁiss the infection for a period of about four montha.
Fresh lesions were observed on the affected Calves even after
the sppearance of initial clinical lesions. Spontaneous re-
covery was marked in majority of the ¢ases when loft untreated.
Cslves once recovered from infeetion when left amongst 1. yerru-
gogum infected calves for 6 months 414 not takto up the infec-
tion. But healthy calves when housed in the affected pens deve-

loped clinical lesions during the peried.

{v) Histopatholeogical Changes of Skin in Baturel Infected
Calves : .

The cornified léyer of the epidermis had extensive pro-
liferation of myeelis and spores. These were more comuonly pre-
gent 4n the infundibulum of the heir follicles and the shaft of
the hairs (Fig. 11). The mycelia had tendency of growing down-
wards and ocoasionslly invaded the bulb of the halrs. lNycelia
vere also present in the deeper layer of the epidermis.

The stratum cornsum showed marked thickeaing due to
parakeratosis and hyperkeratinisation. However, focal but large
arens of degensration and desquamation of the layer were alse
evident. The desquemated materials were adherent to the sur-
gace ond conteined some shedding heirs, myeelis and spores.

. The cells of the stratum granulosun ond germinativum showed
hyperplasis end hyperchrometism of theis nuclei. In these
iayers microabscosses could =180 be geen (Fige. 12). The entire
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épidermis had merked infiltration of maerophsges, lymphocytes
and occasionel eosinophils. The chenges were more extensive in
the perifolliculer sreas. However, the dermis (Fig. 13) and
the pilosebaceous glands were also involved in this process.
in sddition to the ebove chenges the dermal blood vessels
showed perivascular cuffing with mononuclear cells. The cuffs
had 3 to 4 layers of cellular accumulstion,

(1) Experim@ntal Infection in Calves and R&bb&ts, and Gross
Lesions 3

3uccessful lesions were produced in both the calves
experinentally infected with culture and clinieel material sus-
pensions of T. X osuzm, The first gross lesions eppeared on
16th day of postinoculation in the calf which received the cul-
ture suspension whereas the lesions on the other calf sppesred
on 17th day of postinoculastion. The first gppearance of the
losions was ohgrecterised by the presence of white, granulap |
crusts on the inoeulated sites, Grodually these white grenular
epusts were deposited more and more and the lesions became pro-
minent by the 88th day of postinoculation (Fig. 14). The lesions
4n the calf which received clinical material suspension looked
more or less like naSural ringworm lesions. Zhe sceles and halrs
cellected from these experimental lesions in both the calves were
found to be infeated with spores and hyphse from 16th day onverds.
¢he infection persisted both clinicslly end microscopically till
86 days of postinoculetion but was. in s stege of gradual dis-
sppearanc@e By 70th day, all the lesions hesled up and mioro-
scopionl exsmination became negative,

I¥E Y P13 €
VG 18
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A single rabbit was inoculated with six different
strains of £. verrucosus maintsined in the laboratory at
room temperature (25- 30°C) for a period of 1- 6 months.

The susceptibility of this robbit to L. Verrucosum and the
degree of 1nfeet1v1ty;of'dif£erent straing of I, verrugogum
have been showed in table IX, The rabbit did not accept the
strain V-20/71 vhich was maintained for about six months in
the laboratory but by using fresh isolates lesions were pro-

dyeced successfully in the rabbit.

The results of experimental infeetion of five rabbits
with five different strains of I. verrucosum can be seen from
table X. The type of lesions produced in &11 cases with differ-
_ent strains vere of similer mature, Within 2- 3 days of inocu-

latsén, a inflammetory phase was observed. The inoculated areas
became prominent with raised inflammatory boarders., Gradually,
this inflammatory phase was stubsided and indurated crusty lesions
vore produced within 7~ 10 days of postinoculation (Fig. 18).
The erusts and heira showed the presence of spores and hyphae by

The indurated grusts started falling off by 13th
When some

the 10th day.
day ond by 26th day lesions healed off completely.

af those recovered rabbits were inoculated with a homologous

atrein (B) or s different strain of I. yerrucosum smell erythe-
matous pepules were obgerved on the inoculsted sites within 2

days and these papules disappeared spontaneously by &th to 7th
day of reinooculation,



4312 IX., =~ Results of bxperimental Infeetion of Six Strains of
2. yerrucosum in & Rabbit.

gz: Strain g’;m Cource of infection (Days after

of the - Anoculation,

(ralny & 10 15 20 2 30 36 40
1. V-20/72 6 - - - - - - - -
2. T=2%/71 8 - * +4 pio:4 %X X - -
BSe V-4Y/71 3 <+ S 2N 4 b 44 X - - -
4. vVe-13/72 ) 3 9 e s XX XX X - -
5. V=18/72 1 P o )¢ 4 bv:4 X - -
6. V=-AINS/71 Not kaown - - -

= Small erythematous nodules.

= Thin indurated crusts.

= 5kin lesions with elevated thick crusts,
= Loosening of the erusts.

= Exposure of raw hegled surface.

“p i

8



TABIE X, -~ Infectivity of Single 3%rain of Z. yerrucosum in Rabbits.

8l Sex of the Strain Course of initisl infection and effect of reimoculation

Bo. rabbit. (DPays after imoculation)
& 10 15 20 25 3¢ 35 40 48 §0 §6 &0

1. Hale v-3/72 - 4+ 4+ XX X @ <« = R (H) - - -
2, Hale V=3/72 + 44 ¢ X X - « - R(V=-13/72) + - -
3. Female V=lif72 4¢ 444 494 o4+ XX X - = R (#) - - -
4, Female V=13/72 49 444 44 XX ZX & o« = - R(V-11/72) + -
5. Pemale T10/72 3¢ 4o 24+ KX XX X = = - B (H) <« -

4+ = Zmall erythematous pspules.

i = Thin indurated crusts.

49 = Skin lesions with elevaled thick eprusts,

XX = [oosening of the crusts,

X = Exposure of raw healed $issue.

6L



(33) Histopathologieal changes of ¢ e/ggzn gh‘;;' )
tally Infected Calvesngnd Rabbgtshz | ,_mﬁﬁzgapefim@n

In calves large aumber of sporé® and myaﬁlia invedeé
the shaft of the hairs, desper layers of ®° ®Pldey .. cnd the
sebaceous glends. Thiekening of the corpified l&yer due to
hyperkeratinisation, aeanthosis and d@seﬁarati“n Of the granu-
losa eell iayers were also evident. The @Pide”mi% and the .
dorads éevaaleﬁ moderate infiltration of m°nﬁn“°1@ar cells such
as lymphoeytes and maerophages with oceasional Pregence of eosi-
aophils (Fig.18). |

The superficial layer of the epidornis &néludiﬂ@ the
shaft of the haire in rebbits were inveded BY the hyphae and
spores. ©The tissue resotions im different layers of the epi-
dermis and the dermis were minimal.

Altogethor 22 samples of skin screpings colleeted
during 1970 were re-cxamined duping 1972, Out of 22 samples,
10 samples (45.46%) vere habouritg arthrospores and hyphee of

peogsum datected on microscopicesl oxamination whereas

the rest 12 somples (65.85%) were negetive, On cultural oxa-
nination of 22 samples, only 7 (31.82%) yielded colenses of

2 Those cultursl positive sevea samples wers fyom
the 10 macrase@pzeal positive ssmples. It cen be seen 4in

‘Fable XI that the gpoves of L. verpucesum survived in the dpied
skin SOrepings at roon temporature frem 1 year g monthg

34
to 2 yesrs 3 days, days
@@CUNWNTA¢““?C"CWO§;
CENTRAL (RN IS A B r"Sﬂ;‘l
ACRIGULTURE Ad TEL ot .C_.»EA VESWIR

f\'%\)“?
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Fig. 11. The shaft of the hair showing invasion
of mycelia and spores of I. verrucosum
in natural cases. PAS X 4580.°

Fig. 12, Epidermis showing microabscess in
natural T. verruvcosum infection in
calf. PAS x 100,
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Fig. 13. Photomicrograph showing mononuclear cell
infiltretion in dermal layer of the skin
neturslly infected with I. verrucosum.

H.EBE. x 450.

Fig. 14. Experimental T, verrucosum infection in

celf showing lesions having whitishgra-
nular crusts on the neck,
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Fig. 15. Experimental T. verrucosum infection in
rabbit showing indurated crusty lesions.

Fig. 16. Experimental T. verrucosum infection in
calf showing mononuclear cell infiltration
in the dermis. H.E. x 450.




in Dried

TABLE XI., == Survival ei’ S_porés of i.‘ YO NGO SHA
. Bkin 3crapings.

81, Semple Date of Date of re- Results Fericd of sur-
Ho,  Wo. eollec- ezpmination of cul- - vival
- tion. tural ‘

1. B-33/70  7.4.70  10.4.72 + 2 yrs. 8 days
8, BeB6/70  10.4.70 8o~ . & yrs.

3. B39/70  wdoe ~do= * . =dow

é¢. 5-40/?0 - Q- G + «fo=

Be B~43/70  ~do= <doe » -do-

6. B-48/70  6.6.70 do- - 1 yr. 8 months’

: 4 Qdays

7e B42/70  7.8.70 ~do~ - 1y 8 ?‘:ggm
3, B=-50/70 ~do- ~do~ * =

D, B=81/70 «GQ~ o= + wdQe

mo B=B2/76 Q= wiGw - adge

¢ = %ﬁieiv@c
- = Hegative.

(1) 8kin Tomicity Test @

No gresa akin reaotions or tissue changea on histo-
pathologicel examination were obasrved in the rabbits and
guines pigs used in this test. |
(31) Trestment in Experimentollyinfected Celf @

Zhe experimental 1@&2@&3 which peceived %ﬂ!@ﬂﬁ@m
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6 per cent snd 7 per cent, Difolsten 3 per cent and chlovo-
forn extract of Cureupa longs L. 10 peF cent satisfied Ehe

three tests viz. experimentel leajons disappesred, microseo”
pieel and culturdl examinstion becsaze Bnegative whed exanined

20 days after the initiation of treatment. Microscopicel and
ntal lesions

culturel examination of materials fros the experime
vhieh received Difoletan 1 per cent becams positive although
the experimental lesions had regresseds The control sites were
still exhibiting the experimental lesions and were mieroaco-

pically and culturelly positive for Z. ZSRIUGOGND Ho side
effocts or ovidence of local or gystemic toxnéscy were observed.

(434) Clinicel Trial 3=

it can be seen from table K thet Thibendole 5 per
eent, Difolatan 3 per cent, chloroform extract of Curcuma lopga
L« 10 per cent and Thibendole oral were effective ageinst natu-
rel infection of T. verrucosum (Fige. 17y 13, 19, 20, 21, 22, 23
and 24)and the calves vere eured in 19+5 £ 3,7, 13.3 3 6.4,
19.1 & 3.2 and 15,6 & 3.2 days respectively (Fig. 26). The
clinical lesions in the control group were still persisting
even efter 20 daya of the initiation of treatment sivaéata the
ohcr groupa. Calves in Group 3, group I and Group III showed
a sinilar pettern of healing of the clinical lesions, albhough
the time taken for complete cure wore different in esch group.

Wihen the medicaments were applied on the clinical lesions sfter
pesoving the cruste the healing was quicker.

 After & davs of admindstration of Thibendole orally,
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Fig. 17. Calf A showing clinical lesions of
T. verrucosum infection before treat-
ment with thibendole 5% ointment.

Fig. 18, Calf A showing disappearance of clinical
lesions of T. verrucosum infection afg%r
10 days of treatment with thibendole :

ointment.
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Fig. 19, Cslf B showing clinical lesions of
T. verrucosum infection before treat-
ment with Difolatan 3% ointment.

Fig. 20, (=2l1f B showing disappeasrance clinical
lesions of T. verrucosum infection after
10 days trertment with Difolatan 3%
ointment.
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Fig. 21. Calf C showing clinical lesions of
I._verrucosum infection before treat-
ment with chloroform extract of Curcuma
longa L. 10% ointment.

Fig. 22, Calf ¢ showing disappesrance of clin%zgt
lesions of T. verrucosum infection itraut
10 days trestment with chloroform &X'
of Curcuma longa L. 10% ointmente.
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Fig. 23. Calf showing clinical lesions of T.verru-
cosum infection before treatment with
thibendole (oral).

Fig. 24, Calf D showing disasppesrance of clingcal
lesions of T. verrucosum infection aftff
10 days treatment with thibendole (oral)-
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CEAPIER V
DISCUSSION

During the present investigation, a total number -
of 4910 cattle were examined and out of whieh 174 ¢ases
(3,84 per cent) were found to be clinically positive for |
ringworn. The lnvestigations undertaken by MePherson (1987),
Klokie and Kamp (1862), Gupta et gl. (1970) end Misra (1971)
revealed that the overall ineidence of clindcel cases of
ringwern in eattle were 2,89, 2.5, 4.37 and 8.02 per cent
respectively, Pepin and Austwick (1963) observed that the
infoction rate of cattle ringworm in two herds veried from
63-70 per cent., The work conduweted presently shoved that the
highest rate of infeetion ina herd (Goshala) vas 3§-% per
cent.

On cultural examinztion of ¢liniccl msterials from
the above 174 elinical cases 65 fsolates (37.35 per cent) of
dermatophytes vere obbained. These isolates were later iden-
tified as T. yerrpcosum. Oimilar reports on the exolusive
isolation of I, yerrucosum from ringworm cases of c¢sttle are
slso available (Hoerlein, 12453 Mortimer, 1288; McPhepson,
19695 Mahajan and Mohapatra, 1@6&; gatije and Geutam, 1272),
Other species of zoophilie, ﬁwaphilaa and mnthmopnph&liw dep-

also been isolated from catble (Tiwari, 1@313 Dawson, 1969

SO ﬂ@mﬁ

Gupte ot Als, 1970 end Misra, 1971) were not eg
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during the present investigation., However, Misra (1971)
report§a very low ineidence (6.6 per cent) of T. mentegre
pbytes infection in cattle from this area. o

In the present study three ringworm cases revesled

concuPrent ianfection of T, ggggggéggg and S. brevicsulis,
Kinter ond Blender (1961) reported a osse of mycotic dermati-
in eattle. However, further work
iz 4n eausing

tis due to 3. brevicaulis
is necesgary to find out the role of S.
skdn lesjons in cattle.

brevican

The majority of the climical materials showed endo-
ectothrix hair invesion on KOH examination with large number
of spores of 4- 10 microns in diameter and hyphse. ' Endoecto-
thrix hoir infection of T. VOFrug };4 has been reported by
Gupta (196?*?); Dvorak ond Otcenasok (1962) and Hisra (1571).
Beneke (1966) stated thet ectothrix hair invasion was the

eharacteristic Giagnostie festure of T. verrucogum. The pre-
sent observation doos not correspond $o the statement of Benelte

(1966) and also to the findings of Mohajan and Mohapatra (1263)
wﬁgse majority of samples had endoth~rix hair infection. Thia
variability in the halr fnvasion by spores and hyphae®of

F. yerrucogum has been explained by Mshajan and Mohapetra
(1863). According to them hair iavasion at its root §s of
typical ectothrix character but as infection spreads upwards,
it 1s more of endothrix nature. It 1s quite likely that in
the same preparation, one mey encounter both endo-and ertothrix
type of 1éfeccﬁen depending upen the portion of haip under

examination,




24

Isolation of cattle ringworm fungi is alwaysréfaﬂ;éea
difficult or even precluded by the growth of seprophytie
moulds in primary culture (Austwiek, 1964) and since then orc
before, the varioug means to overcome this diffieulty have
been evolved in the form of meny modificetions in media or
technique employed (Mohajan end Mohapatra, 1863). In the
present investigation e comparative study of four different
media for primary isolation of . verrucosum wes made. Brain
heart infusion agar alone gave the maximum number of isolates
of . Yerrucosum which mé followed by Sabouraud‘'s dextrose
agar with thiamine, This agrees with the findings of Mehajen
and Mohapatra (19¢3), It 1s interesting to mote that the
mumber of isolates of I. yerrucosum incressed when simultane-
ous use of brain heart infusion ager and Sabouraud's dextrose
agar with thiamine wes: mede. Gupta end 3ingh (1870) have
rightly recoumended the simultancous use of three different
media (Littman oxgell agar,‘ Sabouraud 's dextross ager with
chloramphenicol, actidione and thiamine and Sebouraud's dex-
trose agar with Chloramphenicol) in order to cbtain maximum
number of isolations for cultivation of dembbphyteaam
animals heavily contaminated with a number of bacteria, yeasts
and seprophytic fungi. The ineroase im the numbsr of isola-
tiona 13 due to the foct that a sample which is culturally
negative in one media may be culturslly positive in another
end vice-versa, Further, it was observed in the present
study that Sabouraudts Jextrose ogar with thismine inoreased
the nusber of isolations of T. verry s when compared to
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Sabourgud's dextrose agar alone. The incorporation of thim-~
mine in the media inereased the number of isolations. QGupta
(1967) remarked that vitamin media were indispenaible for
maximum growth of T. verrucosum. The total aumber of isolae
tions did mot exceed 33 per cent in any of the media used alone
oy in combinations. Mahajan and Hohgzpatra (1963) obtained simi-
lar results but Misra (1971) recorded a increased number of

isolpotions (66.33 per cent).

The rate of growth of L, verrugosum was extremely
sluggish and the macromorphological character of the coloaies
sgrees to the deseriptionsof Benoke (19668), Mahajan and Moha
patra (1963) and Dvorak nnd Otcenmsek (1969). Some colonies
without folding appearanee or disc shaped as obsevvwé by
Mahajan ond Mohapatra (1963) could aot be detected presently.
The examination of cultures in lactophenol cotton biuve reveg-
led the presence of irregular myceliz and large numbey of
chlanydospores. Absence of microconidia and macroconidis
even in vitamin enriched medis was observed slthough many
wﬁrkers (Hoerledn, 19453 Beneke, 1968 and Dveorak and Otcenasele,
1969) have desoribed the presence of these reproductive stru-
ctures., an attempt to stimulate the produstion of m&;ro-anﬂ
misroconidia of L. yerrucogvm in speeial media like corn meal
eger, rice grain medium snd 3sbourauvd's dextvose agar enricked
with yeast extrsct vas proved unsuccessful. 1n the past;Gupta
(1967) snd Mohajan and Mohspatra (1968) have slso failed 8o
m §n spedial

i r 333 03 1
VLA RS Bk

observe any micro-gnd macroconidia of 2, ¥
media like wort agar and pice grein mecdium and media enriched




with thiemine or yeast emtract.

The nutritional requirements of various strains of
Z. yerrucosum have been studied by several workers. The
present nutritionmsl study of 20 strains of I. yerrucosum re-
vealed thet 30 per cent of straings had an sbsolute roguire-
ment of thismine snd inositol while the Pest 20 per cent
required thismine slone. This mearly corresponds with the
observations of Georg and Camp (1967), Beneke (196G) and
Dvoral aﬁd Otecenaselk (1969). |

Human adult hair was perforated cexially by the speres
ef some strains of T« yerrucosum. %he perforations ocaurred
only in yeast extpact enriched :aeéim. The average time taken
for perforation was 14.4 deys with a number of perforstions
(8- 18) on each strpnd., Lu (1962) demonstrated similar results
exeept some deviation in the average time taken for perforation
which was 6ix days and 12 days in agar medium enriched with
yoast extract ana sn plain agar medium respectively. However,
none of the streins of L. verrusosum studied by HMehajan and
Mohapatra (1863) could perforate human adult, human child, horse,
cow and dog hairg, -

in invegtigating the ocourrence of nstural infection
of I, yerrucosum gn dajry feras and Goshala, it wos observed
that the disease wgs continued to be s problem in Cutbeek
Goshala for contimuously:.three years. But in the deiry farms
under observation, the infection disappeared within a year or
two after the first or second outbreak, _The mansgement end
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hygienic conditions 4in the deiry farms and the nutrieganaf
status of the snimsls mainteined there,were far superior te
that of the Goshala. It was also obgserved that due to shopt~
age of calf pens in the QGoshela, almost gll the calves (about
100) vere kept in one pen vhich was not the practice in the
dairy farms. Ainsworth end pustwick (1965) stated that there
were several esses in wbich cattle ringworm recurred in asso-
eiztion with a papticular farm and the disease was obsopved
annually in young housed stock. The fauetors rogponsible for
such occurrence were not discussed by them. La Touche (1988)
remarked that the structure and condition of the cattle sheds
of many small farms which precluded the effective application
of even tho most elementery prianciples of hygiene, predisposed
the prevalence of I. verrucosum infection in eattle.

The clinical lesions of T, verrucosum &s very chare-
cterdstic and the pressnt observotions sgree vith the descri-
. pbions of Hoerlein (1948), Georg (1954), Mehajen and Mohspatra
(1963) and Misra (1971). 1In the present investigation the
appearance of the leslon was traced from the beginning uhen
the lesions were in the form of smsll nedules which were covered
by hairs and could not be detected on naked eye unless ethervise
examined carefully. However, none of the above werkers have
gnoluded this interesting feature in thedr description. The
usual sitesof lesions were the face, around the eyes, ears,
neek and dewlap. Gimilar were the observations of Hoerlein
(1948), Mebherson (1957), Mehajen and HMohepatra (196€3) end
justwick (1963) and HMisra (1971}, Pepin end Austwick (1863)
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reported thet lesions in six of 37 cases wore generalised _
vhere as in the present study 8ix of G5 cases were gomera-
lised. Oubt of the present six ceses, three hed concurrent

[

infeotion of 2. brevicauils. The assoeiation eof §. breviesu-
148 with cattle dermatitis bas been reported by Kinter and

Blender (1861).

Calves under one; year of cge were found more susce-
ptible to Z. ¥errucosum infection. This agrees with the f£iad-
ings of Hoerlein (1846), McPherson (1967), Mahajan and Hohapatra
(1863), HMisra (1971) and Satija and Gautem (1872), aAdults wers
free from imfection although MePherson (1067) has reported the
infoction in 0,43 por cent of adult cattle,

Seasonal cccurrcnce of . NE 20 SR gas bBoen obser-
véd by several workeps and a high incidence 18 geperally
observed in winter months (mmrﬁh and Aunstwick, 19683
Mortimer, 1966; Satija and Gautam, 1972). sccording to the
reports of Mohajan and Mohapetra (1963) and Miara (1971) in
our country the infection 4s prevsleat throughout the yeor
having the pesk during reiny season. In the present study
lorger number of cases were also observed during rainy season
(Hay 1971 to fugust 1971), Misre (1971) suggested that the
deviation of scasonal inecidence of cattle ringworm of this
region from Western countries was nost likely due to the fact
thet cattle, eapecially calves and milking cows were coafined

to the byres vhich were usually dasmp due to heavy rains.

The healdng of clinicel lesions of 2. Yerrusoshun
4n oertain calves was completed inabout four months. Spontane-
ous recovery from the infection,refusal to reinfection and
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transnission of infsction from clinical ¢sses to healthy <
¢alves were also obsepved., Acecording to Ford (1888), the
mean persistence of I. ¥errucogum lesions were 17 and 10 weeks N
in summer and winter outbreaks respectively., . Sellers gg,gi,
(1966) stated that healthy ealves put into the stable whieh
had previously housed I. yerrucosum infected calves developed
natural lesions within 238 days and the healling process wes
completed in approximately three months, They also observed
spontanecus recovery of lesions in nsturally infected calves
within four months of initial infection, Sponteneous healing
of lesjons after 180 days of initial infection has alse boen
reported by 0'Brien and Sellers (1983)., Henee, the present
obgervetions sre in sgreement with the findings of the above
workers, |

The histopathological siudiea of the biopsy speeimens
carpried out in naturally infeeted eanlves reveagled thst the fun-
| gal elements were most commonly scen $n the cornified leyer of
the epidermis. Aesording to Gellers et al. (1966, the derama-
tophytes have the affinity to proliferste in the keratinised
layers. The observations made in the presen£ study es regards
to the presence of the fungi were in agreement €o %h@mabove
suthors, Further ovidence of mycelia sn@ spores in en@ fnfun~
dibulum, shaft of the hairs end the hair follicles were recor-
ded during the present study. Invasion of these structures
with mycelie and spores has been deacribed in a similar manner
by Mortinmer (1083), Sellers gb al. {1986) end Misra (1071).
The jnvasion of the hair shafis and subssquent dowaward growths
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of the fungi rPesulted in the invoelvement of the hair folli-
eles and the deeper struetures.

Parakeratosis, hyperkerstinization and hyperplasia
of the epidermal layers were due to the hype?aetivity as a
regult of tissue reactions ageinst the infective materials,
Such observotions have alse been made by Sellers gt al. (1988)
and Misra {1971). The inflommatory recctions comprised of
infiltration of maorophages and lymphoeytes with occasional
eosinophils and microabsgeesses in the epidermal layers were
pimilar to those obgerved by earlior workess. Houever, exten-
sive perifollicular inflammatory changes observad during the
present study were due to the infection of the follicles with
the infeetive materiasls and subsoquent tissue reactions 4a the
nearby tissues. -

In the present experimentel investigation, both
culture and clinical material susponsions of I. yerrucosum
wepe used for establishing infection in calves and were found
equally infeotive. The first gross lesions appeared on the
15th day of postinoculation, became distinet on 28th day and
persisted about nine weeks. Hoerlein (1945) observed that
lesions wore f£irat geen on 13th day and were well astablishéﬂ
on 24th day of experimentel inoculation. According to Ssllers
gg al, (1966) in experimental transnission of I. ¥errucagus
igsions usually became evident at 14 21 days and p@rsxateé
for about 3~ 4 months, HoPherson (1989) recorded that the
azistence of mxperimsnial lesions in calves was for 10« 17
weelts with an average of 15 weeks. Mispa (1971) reported
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that in ealves the lesions began within 1 2 weoks of experi-
nental inoeulation and healeé off by 40th day. Hetural spread-
- from these experimentslly infected ealves to other healehy )
colves or secondory lesions on the inoculated ealf as have
been observed by Hoerlein (1945) and Misra (1971) respeetively
vere not encountered in the prescnt experimental studies,
Esperimental lesions produced by clinical matericl suspensions
resembled the matural ringworm lesions. $his observation is

sinilar %o that of G'Brien and Zellers (1963),.

in the proseant study, older culture of I, yerrugosum
falled to establish the infection in rabbit while experimental
lesions were produced in rabbit by using different strains of

fresh cultures of T. verzuecosum. The ezperiamentel .l.eaions

thus produced in different rabbits with different strains of

Z. yerrucosum followed a similar pattorn. The marked initiel

inflanmatory phase vas followed by the formation of indurated
orusts. The losions hesled off by 25th dey. Cox and Moore

(1963) observed thet the pattern of development of exporimen-
tel lesions in rabbits was similer to the pattern of develop-

ment of natural I, yerrngosum lesjons in celves but ngtural

ringworm lesion was chronie in nature and of longer Quration
The present obsorvation

than experimentel lesions im rebbits.
agrees to thely findings algo.
1t was intereosting to note ‘that rebbits when pesno-
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did not aceept the challenge. Cox and Moore (1963) suggese

ted that recovery from infection with I. verruccsum resulted
in an apparent immuvnity to reinfection not only with hemnge%
gous strain but also strains of different origin. They were
of the opinjon that the findings of Sellers-ef al. (188€) 4n
respect of reported resistance of cattle to reinfection with

I. verrucosum following recovery was in the line with that of
rabbit,

. In the experimental animals inooulated with culture
sugpension of §. verrucogum, the nature of the preseace of
the orgenisms end the tissue repctions were more or less simi-
lar except the intensity of the lesions., The anflammazoéy
reactions were less severe in exzperimental cnimals as compared
to the maturally infeeted animals, However, the presence of
mieroabsecsses in the epidermel leyer as observed by Misra
(1971) vere not observed during the present study. The reason
may be that the above author used the intradermnl method of
inoeulation whereas in the present ssqﬂy theinsculation methed
wes mostly by scarification, As regards to tho pathologiocal
aspects of L. ¥ in pabbits no detall studies have been
made so fap except Cox and Hoore (1968). They stated that the
mycelia and the spores invaded the shaft of the hairs and the
tissue reecctions were very miid. In the present study the
nature of invasion of the fungs and the tissue chenges werpe

almost similar as indicated nbove.

PP PUCO SN

The spores of . ¥errucosum were found to survive
in dried skin scrapings preserved at room temperature for more
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than 2 years. However, in the past McPherson (1989) coulg:
demonstrate the survival of the spores of I. yerrucosum §pn
the dark at room temperature cven ofter 44 years. The gkiq °
serapings used in the present investigation if also preserved
for a longer period may able to demonstPate the exact survival

period of the spores of I. verrucosum,

Over the years a large number of antifungal drugs
against L. yerrucosum infectien in cattle have Seen formulated
and made available for elinieal use but none of them are pro-
ved to be very effeetive, iIn the present study only three
antifungal agents viz. Thibendole, Défolatan and ehloroform
extract of Curcuma longa L. have been selected by virtue of
their marked in vitre enbifungel sctivity ageinst I. verruco-
sum (Robinson gt gl., 1964; Misra, 1971). 1t was found that
there was no evidence of skin toxicity by continuous applica-
tion of these antifungal agents on the shaved skin of labora-
tory aniuals (rabbits and guinea pigs) over a period of four

months.

A single ¢alf with 24 experimentel lesions produced
by application of chlamydospores and hyphal suspensiods of
G on the sCarified skin was found suitable gnd to

provide satisfactory test condition for topicsl evaluation of |
antinycotic sgents. In the past a fov drug possessing pati-
mycotic activity against I. verrucosum have been agsessed
guccessfully in & similer way by McPherson (1289) in calves
with multiple experimental lesions produﬁ@@ by intradermal
injoction of spore suﬁpensxéﬁ@ of L. yerrucosum. The superio-
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rity of this type of biologieal evaluations under control
condition for assessing topical antimycotic agents over the
clinical trials on netural field infections dr{g.‘gggggggggi
has been stressed by O'Brien and 3ellers (1953) and McPherson
(1959). They have been of simiia? opinion that the variation
in the duration of lesions in naturel cases on different indi-
viduals probably reflects the development of imoundty., This
variant together with the unknown age of the lesions and
other uncontrolled and perhaps unknown factors insepsrable
from clinical trials on natural ficld infections,renders

assessment of antimyeotic egents by this means unsatisfactory.

The present clinjcal trial was conducted with egual
nuaber of matural cages of T. verrucogsum in each group insiuﬁ-
ing the control group maintnined in a sinilar environment. The
term complete cure was used when the clinical lesions dissppea«
red, the microscopical and cultural examination bocane negative
for the organisms. In addition to effecting & climicel cure,
the object of ringworm therapy would be the elimingtion of
the causative sgent from the okin and its appendages, othep-
wise the patient would remain s potoantial souree of infection
for others, /mong the topicsnl preparations used in this trial
Thibendole 5 per cent ointment wes found to bring sbout clini~
ezl cure in 9.1 days by two applications weekly. This is in
egreement with the findiags of teuman and Platzer (1863) who
could bring about olinisal recovery of forty oight ocolves
suffering from I. verrucesua infection with local application
of a 4 per vent thisbendagzole ointment, two applie@eions 3= 8§
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days apart. However, they have not mentioncd uvhether the
causative agent (I, verrucogsum) was gompletely eliminated
from the patients during this peried, In the present study
Thibendole S per cent brought about complete cure in 14.5
daeys. The duration between the clinjcal recovery and the |
elimination of causative agent was 6.4 days. This suggests
thet the drug should be applied about a week more sven after
the c¢linical receovery in order to make the patient completely

free from jnfection.

The therapeutic efficacy of two other new antifun- -
gal agents, Difolatan and chloroform extract of Curcumsn longa
L.y ageinst T. verrucosum infeetion in calves was demonstrae
ted in this study. They besught about complete cure in 13,8
end 19.1 days respectively. Difolatan is a known sgricultural
fungicide and now it can be used safely in veterinary medicine
in view of its succesaful use against patural infection of
2} Yerrucosum. This has stimulated the jdea of scereening more
and more number of agricultural fungjcides for their suitabi-
14ty against L. verrucosum infection in cattle. Curcumine is
a major constituent of Curcuma longs I, which i3 reported to
possess local as well ss systemic anti-inflammatory propertye.

The other frectionates and essential oil of ¢
and the major constituent curcumimchave glso been found $o
possess antibacterial aetivity (Prasad and 34rsi, 1966; sSrimsl
et al.y 1971). The proved in VAteo antifungsl sctivity of
chloroform extract Curcuma longa Le (Miapa, 1971) end its
present succesaful therapeutic use ageinst clinical cases of
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1. verrucosus bas guffieiently ostablished this commonly :
availeble medicingl plant as a good antifungal drug. Hence,
this entifungal property of Curcums 1off8 L. i3 & pev eddi- -
tion to its pharmagologicel properties along with jts esta-
blished antibeclerial and anti-inflammatory properties.

Thibendole (thiabendazole @ 55 ug per kg body weight
daily) given orally brought clinical reeovery of patural cases
of T, VEEEMCOSUR ia 10,3 days although cultural exemjnatien
'heeam negative 3n 15.6 days., Ho toxic symptoms yepe obieprved
during or after the treatment., Robinson gt al. (1984) also
reported that thiabendazole edministered orally to a variety
of snimal species over a 2 years period had no adverae effect.

- Reuman and Platzer (1968) could not demonstrate eupre of n natu-
ral . yerrucosun infeeted calf by oral admimistration of thia-
bendazole @ 80 mg per kg body weight. This variabjlity may be
due to the fact that the drug was screened only in a single
ealf and also it was not continued for & miniaul peried result-
4ng in underdosing, The present systemic use of Thibendole $s
of value as the Pesults ere comparable to that of getaron gt al.
(1964) who could cure ringwora ceses in 4ogs 1Y lncorporatiag
thisbendagole in their feed, The later authors ere of the
opinion that whea thiabendazole given orelly 23 abgorbed into
the blood streanm and interfores vith the protein aetabolisnm

of the fungus. Thibendole is less costly than gFigeofulvin
end hence its systemic use sgainst I. VEREUCOAUR fnfection in
cattle can be recommended.
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48 suggested by Gupta (1967), the treatment with
any of the drugs mentioned above should be contimuved for some
days more (3- 6 days) after the mperoscopic lesions dis- ©
appeaps.- The obvious reason 13 thet it tokes 3« 6 days for
the lesions to be culturelly negetive after the macroseopic
lesions have disappeareé. The topical application of drugs inm
en ointment form may not be convenient vwhen the lesions ér@
extensive and a large number of ealves are affected at a time,
in such instances oral administration of Thibendole 48 adviaable.
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SUMMARY AND CONCLUSIONS

The present study was undertaken to evolve a better
diagnostic procedure to investigate the pathogenicity end to
£ind out e suiteble chemotherspeutic agent(s) against L.verru-
SOJUL infection in eattle. Out of 4910 eattle examined, 174
ceBE3 (3,64 per cent) showed the clindcal lesions suggestive
of Pingyorm., On KOE oxamination, 146 skin sorspings (83.90
Per Cont) were positive for the presence of fungel spores and
hyphae, fhe cultural examination of the 174 samples yielded
85 strajns of T. 3
ensountered,

No other dermatophytes were

Microscopic exemination of KOE positive akin scerspings
revealed the presence of lerge number of fungal spores measur-
isg 4~ 10 microns 4n diamecter and hyphae. Endoectothriz and
endothriz hair invesions were observed in 94,52 per cent end
8.43 per cent of KOH positive samples respectiveiy.

Cultural czamination in four different medin vig,
gabouraud's dextrose agar, Sabouraud's dextrose agar with 0.8
per cent Lablemco, Sabouraud's dextrose ager with thiamine and
brein heapt infusion agar yielded 21, 23, 67 and 61 igolates
of 2. yerrucogum respectively. Drain heart infusion sgar gave
the maximum nusber of isolations (35.05 per cent), Sisultanc-
ous use of brajin heart infusion agar end 3abourgud's dextrose
agar vith thianins gove an increesed nuber of isolates than
the jsolations made in iandividusl media,
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The rete of growth of T. verrncosnm was found t;
be extremely slov and the colonies attained a diameter of
5- 16 mm after e fortnight. The colonies were usually hesped
and deeply folded or lobulated. The texture was moist and
glabrous or powdery or velvety. The surface colour was white,
tan or yellow. The reverse colour of the colony was yenow*
or absent. The common micromorphology revealed large nunber
of chlamydospores and 1rrégu1ar myeelia. Macro-gnd micrcco-

nidias wore absent,

it ves found that 80 per cent straims of . yerrucosum
had an absolute reguiremonts of thiamine and inositol. The rest
20 per cent required thiemine slone.

Adult human hair was found to be perforated by the
spores of I, verrucasum coxially within 11~ 17 days with an
aversge of 14.4 days. The number of perforations on easch
strand of hair voaried from 8- 16. None of the strains perfora-
ted the cattle, dog, goat and rabbit bairs.

in a Goshala the natural outbreak of I. Yerrucpsum
infection in calves persisted for ower a 3 year period by
spreading from one cealf to the other. Calves under ane yeor

of age wore found more susceptible to I. yerrucosum infection
than the adults. The incidence of the disease was abgopved

alround the year with a high incidence in the rainy season
(May to August). The eonmon sites of lesions were- feee, asround
the eyes, ear, neck and dewlap. The lesions were chapacterised
by the appeerance of small nodules gredually becoming flat,
~roundod, sharply defined and enlarged in size. These were
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£irst covered by scales and later with heavy greyish mhi&;
aghestos-like crusts. The size of lesions were 1- 4 c¢a in .
djameter. Losions were found to persist im individual cases
for about four months, Spontoneous recovery from the infec-
tion, refusal to reinfection after recovery and trensmission
of the 1nfection from nsturel cases to the healthy ealves

wore observed,

in natural cases mycelia pnd spores were observed
in different layers of the epidermis especinlly in the corni-
fied leyers and the infundibulum of the hair follicles. The
tissue reactions were mainly hyperkeratinization, hyperplasia
and degeneration of tho epidermal layers. Momonuclear cell
infiltration, microabscesses and perjvascular 1afaltratieaa‘
were thg.ehief inflammatory changes,

vcalvem were suceessfully infected with both culture
end clinicsl meterial suspensions of T. verrucosvm. The fipst
gross lesiens in experimentel calves appeared on 165th to 17th
day of postinoculation, which became distinct on 23th day and
healed off by 70th day. ¢he gross lesions were characterised
by the presence of white granular orusts. °

0lder culture of L. verrucosum lost its infeotividy
&0 rabbit and fresh cultures produced experimental leasjons in
rabbits successfully. The experimental lesions produced by
different strains of T, verrucosum {p different sahbits followed
e gimilar pottern viz. the merked inflammatory phase followed
by the formation of an indurated orust, Rabbits recovered from
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experimontal lesions of I. verruecosum were re¢sistant to
reinfection with either homologous or different strains

of L. ¥errucogum,

The histopathological changes of the experimental
lesions were similar to thet of the natural lesicns exeept
that the inflammatory reactions were less severc., JIn experi-
mentally infected rabbits, the superficial laoyer of the epi-
dermis including the shaft of the heirs were invaded by spores
and hyphas. The tissue reactions were neglipible.

The in vive therapeutic efficsey of Thibendole & per
cent and 7 per cent, Difolatan 3 per cent and chloroform extract

of Qurouma longa L. 10 per cent against experimental . verru-
gogun infection in a calf was sssessed and found effective. |

The topicel spplication of Thibendole & per eceat,
Difolaten 3 per cent, chloroform extract of Curcuma longs ke
10 per cent ointments twice weekly and oral administration
of Thibendole (@ 68 mg of thisbendazole per kg body weight
daily) effected complete cure of calves with 2. verrugosum
infection in 14.5 £ 3.7, 13.3 3 5.4, 10.1 ¢ 3.2 and 18,6 &
3,2 days respectively. ’
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